
CIGR XVIIth World Congress – Québec City, Canada – June 13-17, 2010 1 

 

XVIIth World Congress of the International Commission 
of Agricultural and Biosystems Engineering (CIGR) 

Hosted by the Canadian Society for Bioengineering (CSBE/SCGAB) 
Québec City, Canada   June 13-17, 2010  

EFFECT OF THERMAL PRETREATMENT AND BATTER COMPOSITION ON 
FAT ABSORPTION IN DEEP-FAT FRIED BATTER 

N. ABDEL-NOUR1, M. NGADI1, A.A. ADEDEJI1 

1N. Abdel-Nour, Department of Bioresource Engineering, McGill University, Macdonald Campus, 21111 
Lakeshore Road, Ste-Anne-de-Bellevue, Quebec, Canada, H9X 3V9, nicolas.abdel-nour@mail.mcgill.ca 
1M.Ngadi, michael.ngadi@mcgill.ca   
1A.A. Adedeji, akinbode.adedeji@mail.mcgill.ca   
 
CSBE101218 – Presented at Section VI: Postharvest Technology, Food and Process 
Engineering 
 
ABSTRACT The effects of batter composition, thermal pretreatment and frying time on 
mass transfer during deep-fat frying were studied using response surface methodology. 
Prior to frying, dough composed of wheat and rice flour mixtures (wheat/rice ratio 
between 0 and 100%) mixed with water at ratio 1:1.3 (mixture:water) were put in closed 
aluminum cells and preheated in a water bath at temperatures ranging from 60 to 90°C. 
Then, the samples were fried for 1, 2, 3 and 4 min. A central composite rotatable design 
was built to study the effects on fat uptake and moisture content of samples. Pre-
gelatinization and batter formulation had impact on the degree of fat uptake in deep-fat 
fried batter coating. The results showed that flour ratios had more impact on fat uptake 
than pretreatment temperature. Moreover, the interaction between these 2 factors was 
more significant than their main effects. Batter composed of 75% wheat flour and pre-
treated at a temperature of 82.5°C had the minimum optimal points for fat uptake with a 
value of 3.3% after 4 minutes of frying. The degree of gelatinization and the moisture 
content under these conditions were 80.55% and 30 % db, respectively.   
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INTRODUCTION  
Batter-coated fried foods are very popular due to their unique color, flavor, texture and 
palatability. They are a part of the daily diet of many North American families (Liorca et 
al., 2005). However, there are concerns related to consumption of products with large 
amount of fat. Excessive consumption of fat contributes to obesity and coronary heart 
disease. Some fried products contain as much as 1/3 of their total weight as fat (Mellema, 
2003). Thus, reduction of fat levels in fried foods is a good product development strategy. 
Many researchers have focused on developing methods to reduce fat uptake in fried 
products. Ngadi et al. (2009) studied the effect of the microwave pretreatment on mass 
transfer in fried chicken nuggets. The authors reported that the pretreatment had a 
significant effect on moisture loss and oil uptake. Krokida et al. (2001) studied the effect 
of pre-drying on structural properties and color parameters of french fries. The study 
showed that pre-drying as a pretreatment had an effect on oil uptake. Bunger et al. (2003) 
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investigated the effect of soaking the potato strips in different solutions of NaCl (3, 5, and 
7%) prior to frying. It was shown that the lowest oil uptake occurred when samples were 
immersed in 3% NaCl solution for 50 min before frying. Pedreshi and Moyano (2005) 
studied the effect of pre-drying treatment on texture evolution and oil uptake of blanched 
potato slices. The authors reported that frying temperature and pre-drying treatment had a 
significant effect on oil uptake. Also, Dueik et al. (2010) investigated the effect of the 
vacuum frying on carrots slices. This technique reduced oil uptake by nearly 50%. Kawas 
and Moreira (2001) reported significant influence of pre-gelatinization on oil uptake in 
fried tortilla chips. However, there is lack of information in the literature about the effect 
of batter formulation and pre-gelatinization on fat uptake in coated products and the 
optimization of this pretreatment. The aim of this study was to optimize the pretreatment 
temperature and wheat/rice flour ratio in order to minimize fat uptake in fried batter 
coating. 

MATERIAL AND METHODS 
Samples preparation: Salt (2.5%) and 1.5% Methylcellulose (MC A15C, Dow Chemical 
Company, MI, USA) were added to the wheat and rice flour mix at different ratios 
between 0 and 100%. Potable water was added to the flour mix at a ratio of 1.3:1, 
respectively. The mixture was thoroughly mixed in a 250 ml beaker with a spatula. A 
sample cell was designed and used for batter pretreatment and later for batter frying. The 
aluminum cell consisted of a base and 2 alternate top covers (shown in Figure 1). A 5 x 
2.5 x 0.5 cm grove was machined on the cell base to hold batter during either 
pretreatment or during frying. The first top cover was to completely cover and seal the 
base during pretreatment. The second top cover has a 4.6 x 2.1 x 1.0 opening that should 
allow a 1-dimensional mass transfer through the sample in the cell base during frying.  
 
 

        

Figure 1 Aluminum sample cell: (a) Base of the sample cell; (b) 1st top cover of sample 
cell; and (c) 2nd top cover of sample cell 

Degree of gelatinization: To preheat batter, enough samples (ca 7 g) were scooped into 
the base of the cell and sealed tightly with the first top cover. Pretreatment of sample was 
achieved by heating the sample in the sealed cell in a water bath at various temperatures 
(Table 1) for 3 min. The cells were then quickly removed afterward and placed in a bath 

(a) (c) (b) 
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of ice-slush for quick cooling. The enthalpy (ΔH) of batter with different degrees of 
gelatinization (DG) was estimated using a differential scanning calorimeter (DSC, TAQ 
100, TA Instruments, Delaware, USA).  Ten to 15 mg of raw or pre-gelatinized (ie 
preheated) batter were placed in differential scanning calorimeter aluminum pans and 
hermetically sealed. The pans were heated in ramp mode from 10 to 120oC at 10oC/min 
after an initial equilibration period at 10°C for 5 min and scanned against an empty pan. 
Degree of gelatinization of each sample was calculated using Eq. 1. 
 
                                       DG (%) = (1 - ΔHtreated/ ΔHraw) x 100                                         (1) 
 
Where DG is the degree of gelatinization, ΔHtreated is the enthalpy of the preheated batter 
(kJ/kg), ΔHraw is the enthalpy of the raw batter (kJ/kg). 
 

 

Frying: An industrial deep-fat fryer (Computron 7000, Henny Penny Corp., Eaton, Ohio) 
with a capacity of about 30 L was used. Hydrogenated canola oil was purchased from a 
local supplier (Canbra Foods Ltd., Lethbridge, AB) and used in the frying process. The 
fresh oil was preheated at 180±2°C for 2 h prior to normal frying. Before frying, the 
sealed sample cell was opened and the first top cover was removed and replaced by the 
second top cover. Pre-treated sample in the cell with second top cover was placed in a 
frying basket, lowered into frying oil and fried for different times namely 1, 2, 3, and 4 
min at the oil temperature of 180°C. After frying, the samples were immediately 
withdrawn from oil and were blotted gently with dry tissue paper to remove excess oil on 
the surface. The samples were allowed to cool to room temperature before further tests. 

 
Moisture content: After cooling, each sample was weighed and then dried using a freeze 
dryer (Modulyo Bench Top Freeze Dryer; Thermo Savant, Holbrook, New York, USA). 
Drying period was 36 h at a temperature of -50 °C and a pressure of 100 Pa. After drying, 
the samples were weighed and the moisture content was determined by gravimetric 
method and was reported on a dry weight basis. 

 
Fat extraction: Fat analysis was carried out following the AOAC protocol 960.39 
(AOAC, 1990). Freeze-dried samples weighing between 3 to 5 g were weighed into 
thimbles and fat was extracted in a Soxhlet extraction unit (SER 148, Velp Scientifica, 
Usmate, Italy) using petroleum ether. Fat content was determined as a ratio of extracted 
oil versus the weight of the dry matter of the samples. 

Experimental design and modeling: A central composite rotatable design with five 
levels and two variables was used. Pre-heating temperature (X1) and flour ratios (X2) were 
considered as independent factor. These variables were coded at levels of -2, -1, 0, 1 and 
2. Coded and uncoded levels are shown in Table 1.  Dependant factors were fat uptake, 
moisture content and degree of gelatinization. The results were analyzed by a multiple 
linear regression method to fit the second order equation to all the responses (Eq.2).  

 

Table 1 Central composite rotatable design to study the effect of batter formulation and 
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frying temperature on degree of gelatinization of batter system.  

 Coded levels Uncoded levels 
Run X1 X2 Pretreatment temperature (°C) Wheat/rice flour ratio 

1 -1 -1 67.5 25 
2 -1 1 67.5 75 
3 1 -1 82.5 25 
4 1 1 82.5 75 
5 -2 0 60 50 
6 2 0 90 50 
7 0 -2 75 0 
8 0 2 75 100 
9 0 0 75 50 
10 0 0 75 50 
11 0 0 75 50 
12 0 0 75 50 
13 0 0 75 50 
14 0 0 75 50 
15 0 0 75 50 
16 0 0 75 50 

 
 
 
Numerical optimization was carried out for the independent factors for each frying time.  

     
              Y = ao + a1X1 + a2X2 + a11X1

2 + a12X1X2 + a22X2
2 (2) 

 
Where a0, a1, a2, a12, a11 and a22 are the equation regression coefficients for intercept, 
linear, interaction and quadratic coefficients, respectively, X1 – X2 are coded independent 
variables. 
 
Statistical analysis: Statistical analysis and graphical representations were carried out 
using SAS system software (Version 9.2, SAS Institute Inc., 1999, Cary, NC, USA). The 
significant probability was set at P < 0.05.  
 

RESULTS AND DISCUSSIONS 
Degree of gelatinization: Figure 2 shows a typical thermogram of batter samples. 
Heating samples of different temperatures resulted in different levels of gelatinization as 
observed from the thermogram. Gelatinization temperatures (TG) were from 69.96 to 
93.34°C and enthalpies were from 0.88 to 4.48 j/g. These results are similar to those 
obtained by Xue and Ngadi (2009). They used different compositions of batter and 
thermal processes. They reported that TG ranged from 66.9 to 88.6°C and enthalpies 
ranged from 1.52 to 4.57j/g. As shown in Figure 3, for a same wheat ratio, the degree of 
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gelatinization increased when the pretreatment temperature increased. Further, at 
temperatures of 67.5 and 82.5°C, the degree of gelatinization increased from 15.66 to 
47.72 and from 42.63 to 74.57, respectively with an increase of wheat content from 25 to 
75%. Xue and Ngadi (2007) reported that thermal properties of batters are determined by 
their composition as well as by the thermal processes used for their preparation. 

 
Figure 2 Representative DSC heating thermograms of raw and pretreated batters 

 

  
Figure 3 Degree of gelatinization for batter formulated with different wheat flour ratios 

and pretreated at different tempertures 
Legends: T=0°C   ; T=67.5°C   ; T=82.5°C   ; T=60°C    ; T=75°C   ; T=90°C   ; and 
T=90°C 
 
Mass transfer: Statistical analysis indicated that pretreatment and flour ratio did not 
significantly influence moisture loss from the samples. A typical moisture loss profile for 



CIGR XVIIth World Congress – Québec City, Canada – June 13-17, 2010 6 

the samples is shown in Figure 4. There was the usual gradual reduction in moisture 
content with frying time due to mositure evaporation as typical for frying of most thin 
products.  
 

 
Figure 4 Typical moisture profile of batter fried at 180°C. Batter was pretreated at 
67.5°C. Wheat/rice flour batter (25%/75%) 
 
The fat content of the samples ranged from 2.77 to 6.13% after 4 mins of frying. There 
was no significant change in fat content of samples within the first 2 mins of frying as 
shown in Figure 5. However, there was a suden increase in fat content of the samples in 
the first min of frying. Adedeji et al. (2009) reported similar fat absorption kinetics 
during frying of microwave precooked chicken nuggets breading coating. There were 
variations in fat contents as thedue to the different batter formulations and pretreatments. 
Many parameters such as product components, frying temperature, pretreatment, post-
frying treatment etc. affect oil content of products during frying (Moreira et al., 1995; 
Cuesta et al., 2001; Sobukola et al., 2008). The results of this study showed that batter 
composition may affect oil content of fried batters. For example, batter samples 
formulated with 25 and 75% wheat flour showed fat contents of 6.84 and 3.3% db when 
preheated at 82.5°C and fried for 4 min.  

Optimization of pretreatment temperature and flour ratio: The response surface 
regression analysis for each independent variable in the model is shown in Table 2. An 
ANOVA table was built in order to assess the effects of the independent variables on 
their responses. Table 2 shows that the quadratic effect was significant (P < 0.05) for fat 
content and during the first 2 minutes for moisture content. However, the quadratic effect 
was not significant for the degree of gelatinization. The negative coefficients of the first-
order term of pretreatment temperature and wheat/rice flour ratio at 4 min of frying 
indicated that the fat and moisture content decreased with increase of these two factors. 
Kawas and Moreira (2001) reported that the degree of gelatinization and the structure 
formed in the tortillas affected the final oil uptake. Similar results was observed with 
batter coatings in this study. 
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Figure 5 Effect of pretreatment temperature and wheat/rice flour ratio on fat uptake 
content in formulated batter fried at 180°C (■: T=82.5°C and wheat/rice flour=75%, ●: 
T=90°C and wheat/rice flour=50%, ▲: T=82.5°C and wheat/rice flour=25%) 

 

Table 2 Regression coefficients, coefficient of determination and analysis of variance of 
regression models for fat and moisture content for batter  

Source FC1 MC1 FC2 MC2 FC3 MC3 FC4 MC4 DG (%) 
a0 2.92 56.42 3.46 43.29 4.61 36.6 4.95 32.34 68.41 
a1 -0.27 -0.18 0.24 0.47* -0.28 0.8 -0.29 -0.69 19.52* 
a2 -0.09 -0.69 -0.22 -0.55* 0.06 -0.247 -0.11 -0.65 20.45* 
a11 0.46* -0.17 0.24* 0.46* 0.03 -0.12 -0.04 -0.38 -5.79 
a1a2 -0.16 -0.56 0.28 -1.16* -0.41 0.22 -1.29* 0.96 4.33 
a22 0.26* -0.41 0.45* 0.09 0.36 -0.25 0.3* -0.85* 4.67 
Model 0.0331* 0.0064* 0.0092* 0.0075* 0.5600 0.4209 0.0064 0.1151 0.0339* 
(Linear) 0.2679 0.1759 0.0772 0.02* 0.6909 0.1533 0.1759 0.1698 0.0075* 
(Quadratic) 0.0086* 0.0449* 0.0033* 0.03* 0.2896 0.6709 0.045* 0.0830 0.3827 
(Lack of fit) 0.16 0.11 0.13 0.43 0.08 0.64 0.11 0.17 0.69 

R2 0.73 0.52 0.85 0.82 0.29 0.35 0.83 0.66 0.83 
*Significant at P < 0.05; Where FC and MC are fat and moisture content (% db), respectively; Subscript 0 
refers to the intercept; Subscript 1-4 refer to the frying times namely 1 - 4 min, respectively; DG is the 
degree of gelatinization. 
 
 
The response surface plots for each predictive model are shown in Figures 6 and 7 in 
order to visualize the effects of pretreatment temperature and wheat/rice flour ratio on oil 
and moisture content. Figure 6 shows that there is a curvilinear effect for both 
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pretreatment temperature and wheat/rice flour ratio. However, as a comparison, the plots 
showed that there was no single trend between 1, 2, 3 and 4 min 

 

 

 

 

 of frying. For example, during 1, 3 and 4 min of frying, the fat content of the batter 
increased with increase in the amount of wheat ratio. Whereas this content decreases 
under the same conditions at 2 min of frying.  

 

Figure 6 Surface plots of fat content of fried batter as affected by the pretreatment 
temperatures and wheat/rice flour ratio (a, b, c and d refer to frying during 1, 2, 3 and 4 
min, respectively) 

 
 



CIGR XVIIth World Congress – Québec City, Canada – June 13-17, 2010 9 

Figure 7 shows a general increasing trend in moisture content with increasing quantity of 
wheat flour in the mixture and increasing pretreatment temperature during 1 and 2 min of 
frying. Whereas this trend tend to decrease under the same conditions during 3 and 4 min 
of frying. 
 

 
 
Figure 7 Surface plots of moisture content of fried batter affected by the pretreatment 
temperature and wheat/rice flour ratio (a, b, c and d refer to frying during 1, 2, 3 and 4 
min, respectively). 
 

Numerical optimization: Table 3 shows the optimum conditions for the pretreatment 
temperature and wheat/rice flour ratio that gives the lowest fat content after 4 min of 
frying. The lowest fat uptake was obtained under the optimum conditions of 90°C of 
pretreatment temperature and 50% wheat/rice flour ratio. Under these conditions the 
degree of gelatinization had a value of 84.3%. The trend presented in Table 3 shows that 
inclusion of wheat flour up to half the ratio of the mixture of batter system and higher 
degree of gelatinization, which is obtained by elevated pretreatment temperature leads to 
reduced fat uptake in batter system. Ngadi et al. (2009) suggested that oil uptake is 
related to the degree of gelatinization of the product. Kawas and Moreira (2001) reported 
that a higher degree of starch gelatinization decreased the final oil content.  
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Table 3 Numerical optimization for the pretreatment temperature and wheat/rice flour 
ratio that gives the lowest fat uptake and highest moisture content during 4 min of frying 

T (°C) Wheat/rice FC MC1 FC1 MC2 FC2 MC3 FC3 MC4 DG (%) 4 
90 50 4.22 55.36 4.91 46.05 4.18 37.88 4.20 29.42 84.30 
82.5 50 3.11 56.06 3.95 44.21 4.37 37.36 4.61 31.26 82.15 
75 50 2.92 56.42 3.46 43.29 4.61 36.60 4.95 32.34 68.41 
75 75 3.09 55.32 3.69 42.84 5.04 36.10 5.14 30.83 84.18 
75 100 3.78 53.39 4.83 42.59 6.19 35.099 5.93 27.62 90.56 
67.5 100 4.82 54.59 4.25 44.89 7.32 33.67 8.76 26.01 56.59 
Where FC and MC are fat and moisture content (% db) , respectively;  subscript 1-4 refer to the frying times 
namely 1 - 4 min, respectively; DG is the degree of gelatinization 

 
CONCLUSIONS  
This study examined the effect of pretreatment temperature (pre-gelatinization) of batters 
composed from different wheat/rice flour ratio on moisture and fat content. Response 
surface methodology technique was used to optimize the pretreatment temperature as 
well as the flour ratio. Dependent variables were investigated namely, moisture and oil 
content as a response of pretreatment conditions and flour ratio. The optimum 
pretreatment temperature and wheat/rice flour ratio for minimum fat content were 90°C 
and 50%, respectively, at 4 min frying time. These conditions lead to a batter containing 
4.2 % db of fat content and 29.42 % db of moisture content. 
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