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ABSTRACT  
 

Oil uptake during deep-fat frying of many popular foods is of concern to the conscious of health. This study 
was chiefly concerned with the oil uptake reduction of French fried potatoes through application of some pre-
frying treatments. These treatments comprised blanching, coating with different hydrocolloids and heating 
before deep frying process by three different processes, namely, heating in a laboratory convection oven and 
microwave oven at 50% and 100% power level. It was found that high oil uptake reduction was achieved when 
French fried potato strips were blanched in 0.5% calcium chloride solution and coated with a mixture of carboxy 
methyl cellulose (1%) and (0.5%) guar gum followed by heat with microwave or oven treatment before deep 
frying in cotton seed oil. It was found that, these treatments helped in minimizing oil uptake to 53.21%. The loss 
of moisture and oil uptake was found to be interrelated.  Moreover, sensory evaluation indicated overall 
acceptability of treated French fries equivalent to traditional French fried potatoes. 
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Introduction 
 

Frying is one of the oldest methods known to human kind for preparing food. Fried foods are among the 
favorites for people around the world. Some fried products could contain high amount of fat due to the normal 
fat absorption during deep-fat frying (Makinson et al., 1987). Consumers today are more interested in health 
related food products, and the interest in functional foods continues to grow, powered by progressive research 
efforts. The recent trend in reducing the fat content in fried foods is leading to the development of low-fat 
products. Many attempts have been made to reduce oil uptake during deep-fat frying. There are several pre-
frying procedures have been proposed to reduce the amount of absorbed oil in fried potatoes to make such 
products more acceptable to health conscious consumer (Pedreschi and Zuniga 2009). 

Rimac-Brncic et al., (2004) investigated the influence of blanching in water or calcium chloride or citric 
acid solutions on the oil absorption in fried potato strips. It was found that fried potato strips blanched in water 
and citric acid showed slight reduction in oil content compared to samples blanched in calcium chloride 
solution.  An alternative to reduce oil uptake in fried foods is the use of edible films or coatings. The application 
of hydrocolloid coatings allows reducing oil content of deep-fat fried products due to its lipid barrier properties; 
the most widely studied are coating materials were gellan and cellulose derivatives (Mellema 2003; Williams 
and Mittal, 1999). Cellulose derivatives, including methylcellulose and hydroxypropyl-methylcellulose exhibit 
thermo gelation; when suspensions are heated they form a gel that reverts below the gelation temperature, and 
the original suspension viscosity is recovered. Mallikarjunan et al., (1997) and Huse et al., (1998) demonstrated 
the effectiveness of various edible coatings in reducing oil absorption in starchy products. Heat treatments of 
microwave, hot air or baking before frying French fried potatoes has previously resulted in a significant 
reduction in oil content (Tajner-Czopek et al., 2008). Deep-fat frying is the most complex edible fat and oil 
application. Frying oil influences many qualities of the finished product such as flavor, texture, shelf life and 
nutritional attributes. Cottonseed oil is the main vegetable oil used, not only in Egypt but also in many countries 
for deep frying, owing to its low price and high stability to oxidation compared with other non-hydrogenated 
vegetable oils (Houhoula et al., 2003; Danil et al., 2005). 

The present study aimed to obtain better results concerning oil uptake reduction in the French fried potatoes 
during deep frying with cottonseed oil. This was verified by applying pre-frying treatments, namely, blanching 
and hydrocolloids coating, then heat treatment was used (oven or microwave) to form good film to achieve a 
balance between moisture content and oil uptake in the French fried potato strips. The results will take part in 
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the benefit of health and technological aspects. To complete the picture sensory evaluation were implemented to 
show consumer acceptability.  

 
Materials and Methods 
 
Materials: 

 
Commercial potatoes variety was purchased from local market (The initial moisture content of potatoes 

was in the range of 75–82% in wet basis).  Cotton seed oil free from synthetic antioxidants was supplied by 
Sila Oil Company (Fayoum Egypt).  

Carboxy Methyl Cellulose (CMC) and Guar Gum (GG) were purchased from Loba Chemie, Xanthan Gum 
(Xan) from Gerham Company, whey protein (WhP) and resistance maize starch (RMS) were from Bio 
Pharmacy Co. 
 
Methods: 
 
Preparation of potatoes strips: 

 
Potato tubers were washed, hand-peeled and cut with a manual operated potato-cutting device into an 8 x 8 

x 60 mm strips, then rinsed in tap water.  
 
Blanching: 

 
Potatoes strips were divided into two portions for each treatment. The first portion was not-blanched, while 

the second portion was blanched in 0.5% aqueous solution of calcium chloride at 85°C for 5 min.  
 
Hydrocolloids thin film: 

 
Three lots of each blanched and not-blanched potato strips were separately immersed in 3 coating 

hydrocolloid solutions: a) 1% CMC, b) mixture of  1% CMC and  0.5% GG and  c) mixture of  RMS 1% + Xan 
0.5%+ WhP 1%,  at room temperature for two minutes. 

 Blanched and not-blanched potato strips which immersed in hydrocolloid solutions were subsequently 
heated in a laboratory convection oven (150 °C/3 min) to obtain good thin film.  Another heating technique was 
also conducted using microwave oven (MW) (Gold Star, 220-50 Hz power level and 980 W), which operated at 
100 and 50% of the original power level for 4 min.  
 
Deep frying process: 

 
Frying was carried out in a thermostatically temperature-controlled fryer (Philips comfort, Germany) 

having a capacity of 2 L oil. The strips were fried at 180 °C for 6 min in cottonseed oil. All fried samples were 
allowed to cool at room temperature; then analyzed for its oil content by Soxhlet apparatus. All experiments 
were run in triplicate and the present results are the average of the obtained results.  
 
Sensory evaluation: 

 
French fried Potatoes were sensorial evaluated by ten panelists for its color (10), Hardness (10), Crispiness 

(10), Oilness (10) and Flavor (10) as described by Hallabo et al., (1985). Sensory evaluation data were analyzed 
statistically using analysis of variance (ANOVA) as reported by McClave and Benson (1991). 

 
Analytical Methods: 

 
The moisture content of raw and fried samples were determined gravimetrically by drying representative 

triplicate samples in a conventional oven at 105°C for 8-10 hr (AOAC 2000). Oil uptake (OU) of fried products 
was determined according to the method of AOAC (2000). 

Oil uptake reduction % (OUR) in the treated samples compared to the untreated one was calculated as 
follows: OUR =1 – (OU treated/ OU untreated) x 100 (Suarez et al., 2008).  
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Results:  

 
Table (1) showed the effect of blanching and coating with hydrocolloids subsequently heating in an oven (at 

150°C for 3 min) on oil uptake and water retention of French fried potato strips. The obtained results indicated 
that, French fried potato strips that fried directly without any pre-frying treatment (control) absorbed 34.18% oil, 
while, samples coated with hydrocolloids declined oil uptake to 23.62, 25.95 and 23.50% in case of using CMC, 
CMC+GG and RMS+Xan+WhP, respectively. On other word, hydrocolloids treatment was able to reduce oil 
uptake to 30.89, 24.08 and 31.25% of the previous hydrocolloid coated samples, when compared with control 
sample. Table (1) indicated also that, blanching and un-coating reduced 27.38% of oil uptake when compared 
with control sample. Furthermore, using hydrocolloids after blanching as a pre-frying treatment minimized oil 
uptake when compared with control sample to reach 34.72, 43.27 and 40.49% in case of using CMC, CMC+GG 
and RMS+Xan+WhP, respectively. This result agreed with the fact that increasing moisture content of fried 
samples associated with decreasing in oil uptake of fried samples, where the moisture content of previous 
samples were 49.97, 50.60, 59.53 and 56.60%, respectively (Saeleaw and Schleining 2011; Pahada and Sakhale 
2012).  

The capacity of hydrocolloids to reduce oil uptake during deep frying of French fried potatoes could be 
explained to the ability of hydrocolloids to gelatinize and form thin gel film during frying. This film allows 
hydrocolloids to act as a protective barrier, thus reducing moisture loss and lessening space for oil absorption 
(Garcia et al., 2004; Dana and Saguy 2006). 

 
Table 1: Effect of hydrocolloids formulation and heating with oven as a pre-frying treatments on relative variation of oil uptake and water 
retention in French fried potatoes. 

Treatment Moisture % Oil Uptake %  Oil Uptake Reduction 
%* Wet basis Dry basis 

 Not-Blanched Samples 
Control 40.24 17.35 34.18 --- 
Hydrocolloids 
CMC 1% 42.98 13.47 23.62 30.89 
CMC 1%+GG 0.5% 42.82 14.84 25.95 24.08 
RMS 1%+Xan 0.5%+WhP 1% 41.50 13.30 23.5 31.25 
Blanched Samples 
Without hydrocolloids 49.97 12.42 24.82 27.38 
Hydrocolloids 
CMC 1% 50.60 11.02 22.31 34.72 
CMC 1%+GG 0.5% 59.53 7.85 19.39 43.27 
RMS 1%+Xan 0.5%+WhP 1% 56.60 8.84 20.34 40.49 

*Oil Uptake Reduction % Relative to the not-blanched control 
 
The effect of pre-frying treatments of hydrocolloids and microwave heating (PL 50%) on oil uptake and 

water retention of French fried potatoes were evaluated as shown in Table 2. The obtained results revealed that, 
French potatoes that fried directly without any pre-frying treatments (control sample) absorbed 27.73% oil, 
while pre-frying blanching decreased oil uptake to reach 24.21%, i.e. oil uptake reduction reached to 12.69%. 
Furthermore, using hydrocolloids after blanching and heating in microwave before frying maximized oil uptake 
reduction to reach 27.66, 42.34 and 40.10% in case of using CMC, CMC+GG and RMS+Xan+WhP, 
respectively. On contrary, moisture content of the same samples increased to 56.12, 59.93 and 55.59, 
respectively. This result agreed with the fact that increasing moisture content of fried samples associated with 
decreasing in oil content (Pedro and Pedreschi 2006; Saeleaw and Schleining 2011; Pahada and Sakhale 2012).  
 
Table 2: Effect of hydrocolloids and microwave (50% power level) on relative variation of oil uptake and water retention in French fried  
              potatoes.  

Treatment Moisture % Oil Uptake %  Oil Uptake 
Reduction %* Wet basis Dry basis 

Not-Blanched Samples 
Control 55.33 12.39 27.73  

Hydrocolloids 
CMC 1% 59.00 10.19 24.85 10.38 
CMC 1%+GG 0.5% 57.17 07.63 17.81 35.77 
RMS 1%+Xan 0.5%+WhP 1% 56.52 08.15 18.74 32.41 
Blanched Samples 
Without hydrocolloids 55.48 10.78 24.21 12.69 
Hydrocolloids 
CMC 1% 56.12 08.78 20.06 27.66 
CMC 1%+GG 0.5% 59.93 07.02 15.99 42.34 
RMS 1%+Xan 0.5%+WhP 1% 55.59 07.38 16.61 40.10 

*Oil Uptake Reduction % Relative to the not-blanched control 
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Trying to maximize oil uptake reduction under the same above mentioned conditions, microwave power 

level was increased from 50% to 100% to facilitate the formation of thin gel film from hydrocolloids. From the 
data recorded in Table 3 it was found that the non-blanched (control), oil uptake amounted to 20.96% in 
comparison to blanched sample (control) which reached  to 20.29% corresponding to 3.2% OUR. 

It was observed that in case of non-blanched samples of French fried potato strips heated with microwave 
PL100% (Table 3) the OU reached to 17.51% when it was coated with CMC+GG and 19.08% for CMC with 
the corresponding OUR values of 16.45%, 8.96%  respectively. Comparing between the non-blanched and 
blanched treated samples in MW PL100, it was found that the blanching gave reasonable value of oil uptake 
16.77% for the formulation CMC+GG and 18.47 for RMS+Xan+WhP as well as 19.84% for CMC.  It can be 
concluded that in case of using MW PL 100% good results were obtained particularly in case of coating with 
CMC+GG. It was found that better results were achieved giving rise to OU of 16.77% and OUR of 20%, 
however, the lower energy level (PL50%)  was superior to  higher energy power level (PL100%) in giving better 
results. 

Generally, it was found that the pre-drying of hydrocolloids coating materials of potatoes before frying 
using microwave treatment has noticeable reduction in oil uptake. 
 
Table 3: Effect of hydrocolloids and heating with microwave at 100% power level as a pre-frying treatments on oil uptake and water  
              retention of French fried potatoes. 

Treatment Moisture % Oil Uptake %  Oil Uptake Reduction 
%* Wet basis Dry basis 

Not-Blanched Samples 
Control 42.43 12.07 20.96  

Hydrocolloids 
CMC 1% 42.66 10.94 19.08 8.96 
CMC 1%+GG 0.5% 44.51 9.72 17.51 16.45 
RMS 1%+Xan 0.5%+WhP 1% 43.10 10.93 19.2 8.39 
   Blanched Samples 
Without hydrocolloids 49.24 10.30 20.29 03.20  

Hydrocolloids 
CMC 1% 51.82 9.21 19.84 05.34  
CMC 1%+GG 0.5% 58.08 8.08 16.77 20.00  
RMS 1%+Xan 0.5%+WhP 1% 53.16 8.65 18.47 11.87  

*Oil Uptake Reduction % Relative to the not-blanched control 
 

Sensory evaluation 
 
With respect with sensory evaluation (color, hardness, crispiness, oilness and flavor) of treated and non-

treated samples the results were recorded in Table 4 and 5. The effect of using CMC, CMC+GG and 
RMS+Xan+WhP as coating materials to reduce oil uptake during frying were evaluated sensorial as shown in 
Table 4. There were no significant between untreated sample (control) and all treated samples. The results of 
subsequent blanching, hydrocolloids and microwave treatment of French fried potato strips showed also no 
significant variation in all treatments.  

It was generally concluded that the pre-frying treatments did not affect, significantly, the sensory quality of 
French fried potatoes when compared with the control sample.  
 
Table 4: Sensory evaluation of French fried potatoes as affected by pre-frying treatment of blanching, some hydrocolloids and oven heating. 

Treatments Color Hardness Crispiness Oiliness Flavor 

Control 8.7 
± 0.67 

7.0 
± 1.32 

6.6 
± 1.74 

7.3 
± 1.58 

8.1 
± 0.88 

CMC (1%) 8.5 
± 1.27 

7.6 
± 1.51 

7.3 
± 1.73 

7.5 
± 1.31 

7.7 
± 1.57 

CMC (1%)+ GG (0.5%) 8.6 
± 1.17 

7.4 
± 1.74 

7.1 
± 1.96 

7.5 
± 1.60 

8.0 
± 1.15 

RMS (1%)+ Xan (0.5%)  WhP (1%) 7.5 
± 2.17 

7.4 
± 1.88 

6.7 
± 2.65 

7.4 
± 1.88 

7.7 
± 1.16 

       
Discussion: 

 
The oil uptake of all fried potato strips was significantly affected by blanching (Table 2). Blanching is an 

important step used in French fried potatoes processing, since it influences the final product specifications, such 
as colour, fat content and texture (Moreira et al., 1999). In addition, during this step acrylamide precursors are 
leached out resulting in the reduction of acrylamide content in the final product (Mestdagh et al., 2005). 
Data indicated that samples blanched in the calcium chloride were able to stabilize the tissue structure against 
the violence of the frying process. The reaction between calcium and native pectin of the potato tissue was 
explained by Borne (1989). Who reported that the texture of potato fruits depends on the presence of pectic 
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substances, which are part of the intercellular material. He was also reported that, the pectic enzymes produce 
free carboxylic groups, which can react with divalent ions, e.g. calcium and magnesium, created more rigid 
structures and also increased firmness. Formation of Ca-pectates causes firming of the cell wall and increases 
middle lamella-cell wall rigidity as well as resistance to degradation by the frying process. 
 
Table 5: Sensory evaluation of French fries potatoes as affected by subsequent blanching, hydrocolloids and microwave heating. 

Treatments Color Hardness Crispiness Oilness Flavor 
Not-Blanched + Microwave (PL50%) 
Control 6.64 ± 1.36 6.2 ± 1.40 6.2 ± 0.92 6.9 ± 0.07 6.8 ± 0.79 
CMC (1%) 7.73 ±  0.91 6.5 ± 1.58 5.7 ± 1.42 6.2 ± 1.62 7.2 ± 1.46 
CMC (1%) + GG (0.5%) 7.46 0.82 5.8 ± 0.62 5.7 ± 1.49 6.1 ± 1.91 7.0 ± 0.56 
RMS (1%) + Xan (0.5%)  
+WhP (1%) 

7.27 ± 0.47 5.8 ±0.69 5.7 ± 1.49 6.4 ± 1.71 6.5 ± 0.18 

Blanched + Microwave (PL50%) 
CMC (1%) 7.46 ± 1.13 6.6 ± 2.07 6.35 ± 2.06 7.5 ± 1.90 7.0 ± 0.16 
CMC (1%) + GG (0.5%) 7.64 ± 1.43 7.0 ±1.11 6.9 ± 1.52 7.2 ± 1.60 7.1 ± 0.20 
RMS (1%) + Xan (0.5%) 
+WhP (1%) 7.18 ± 0.75 6.8 ± 1.82 6.5 ± 1.27 7.4± 1.81 7.4 ± 0.08 

Blanched + Microwave (PL100%) 
CMC (1%) 7.27 ± 0.65 7.0 ± 2.47 7.1 ± 1.97 7.2 ± 1.55 7.1 ± 0.99 
CMC (1%) + GG (0.5%) 7.46 ± 0.82 7.35 ± 1.56 7.0 ± 1.33 7.2 1.47 7.5 ± 0.79 
RMS (1%) + Xan (0.5%)  
+WhP (1%) 7.36 ± 0.67 7.2 ± 1.14 6.9 ± 1.66 7.2 ± 1.32 7.7 ± 0.08 

  
Meanwhile, hydrocolloid treatment may alter the water-holding capacity and consequently affect oil uptake 

(Pinthus et al., 1992). From the obtained results, one can say that the ability of 1% CMC +0.5% GG mixture to 
reduce oil uptake may be due to the increase in water-holding capacity through entrapping moisture and 
consequently due to prevention of moisture replacement by oil (Garcia et al., 2004). Also, using combination of 
guar and xanthan gums reduced oil uptake as compared to other coatings (Table 1, 2 and 3). Addition of these 
gums to the hydrocolloids formulation provided more reduction in oil content as compared to control coating. 
This can be explained by the synergistic effect, which led to more batter pick up, resulting in high moisture 
retention and low oil content (Akdeniz et al., 2006). 

Generally, Figure 1 shows that the best procedure for achieving the lowest oil uptake using blanching, 
treating with hydrocolloids and microwave heating. It can be explained that, hydrocolloids as gel-forming 
compounds form a fine net structure which minimize loss of moisture and oil migration in the potato tissue 
during the frying process (Sanchez et al., 1992). It can be concluded that in case of using MW PL50% was 
superior to reduction in oil uptake  particularly in case of coating with CMC+GG (53.21%)  (Fig. 1- b). 
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Fig. 1: Effect of blanching, hydrocolloid and oven heating treatments on oil uptake reduction during deep  
            frying. 
 
* Oil Uptake Reduction % calculated relative to the not-blanched uncoated oven heated (control sample in 
Table 1). 
 
Conclusions: 

 
This study demonstrated that the pre-frying treatment gave better results including oil uptake reduction for 

the benefits of health and technological aspects. Also, it was found that the pre-frying treatment acceptable to 
consumers and can be prepared with lower fat and higher retained moisture content. Consumption of reduced fat 
of French fries potatoes would lower dietary fat for many consumers and could reduce risk of obesity and 
chronic disease such as heart disease, hypertension and some forms of cancer.    
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