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1 Introduction
Fried batter food products are widely consumed throughout 

the world since they are both appetizing and palatable. However, 
recently, there have been growing concerns about the health 
problems associated with consumption of fried batter food due 
to the large oil content. Many chemical and physical processes 
occur during food frying including starch retrogradation, 
the Maillard reaction, porosity changes and oil degradation 
(Mellema, 2003). Oil uptake by fried products is a spontaneous 
phenomenon. Budžaki & Šeruga (2005) pointed out that during 
the frying process, pores are formed from the evaporation of 
water at the food surface. This results in oil content increasing, 
while capillary pressure retains the oil through microstructure 
porosity and fracture during cooling (Moreira  et  al., 1997; 
Ziaiifar et al., 2010). Intensive research has focused on reducing 
oil absorption into food pieces during the frying process. Olson 
& Zoss (1985) suggested that a hydrocolloid coating could reduce 
oil absorption, while Debnath et al. (2003) claimed that pre-frying 
could reduce oil uptake by 50%. These methods are not suitable 
for use in households because of difficulty in preparation.

Batter formulation is the most preferable method for 
reducing oil absorption. Brannan  et  al. (2014) stated that 
proteins and non-protein hydrocolloids could be used as oil 
absorption reduction ingredients. These substances act as an 
invisible film coating which retards oil uptake into the batter 
(Varela & Fiszman, 2011). The effect of flour on oil absorption 
remains poorly understood. Mohamed et al. (1998) reported 
that pregelatinized rice flour increased oil absorption, while 
Shih & Daigle (1999) and Nakamura & Ohtsubo (2010) found 
that rice flour reduced oil uptake. Addition of hydrocolloids 
reduced oil uptake due to their thermogelation properties 

(Primo-Martín et al., 2010), while addition of soy flour resulted 
in oil content reduction (Nasiri et al., 2012).

The type of oil used also influences oil uptake by fried 
products. Kita et al. (2007) reported that oil uptake depended on 
the type of oil used for frying. Coconut oil has recently attracted 
interest from consumers due to its unsaturated fatty acid content. 
Previous reports indicated that coconut oil could be considered 
as a good frying media (Lu & Tan, 2009). However, coconut oil 
is more expensive than palm oil which is usually used as the 
frying medium due to its high smoke point, oxidation resistance 
(Mba et al., 2015) and consumer acceptance (Khan et al., 2000). 
French fries fried using palm oil had lower oil content than those 
fried in olive, sunflower and rapeseed oil (Kita & Lisínska,  2005).

Thus, here, the effects of oil type (coconut oil and palm oil) and 
batter formulation (whey protein and soluble fiber) on bulk density, 
texture and oil absorption of fried flakes were investigated to better 
understand the oil absorption phenomenon on fried products.

2 Materials and methods
Wheat flour, rice flour and cooking oil (coconut and palm oil) 

were purchased from a local market, while whey protein and 
soluble fiber (fibruline ) were sourced from a food supplier.

2.1 Frying oil viscosity

Viscosity of the frying oil was determined using a Brookfield 
Viscometer (DV-III, Brookfield, USA) at room temperature (25 °C) 
and recorded as centipoise (cP).
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2.2 Batter preparation

Batter was prepared as shown in Table 1. Each formula was 
mixed and stored in a closed container until required for use to 
prevent moisture absorption.

2.3 Batter frying

For each batter recipe, 70 ml of water was added to 100 g of 
dry mix. Two liters of cooking oil were heated in a commercial 
bench-top deep-fryer (Tefal, France) until reaching 180°C. Then, 
the batter was fried for 2 minutes following the method of Shih 
& Daigle (1999). The fried flakes were cooled on a paper towel 
for 10 minutes and stored in an airtight container until required 
for further analysis.

2.4 Fried batter flake characteristics

Bulk density of fried flakes was measured as described. 
The fried flakes were poured into a 200 ml glass beaker until it 
was full. The weight of 200 ml volume of flakes was measured 
and bulk density was determined. Flakes with higher density 
underwent lower expansion during the cooking process.

A Texture Analyzer (Ta.XT.plus, Stable Micro, UK), equipped 
with a mini Ottawa Cell was used to measure hardness of the 
fried flakes as the maximum force and stiffness as the gradient 
of maximum force.

Oil in 2.5 g of the fried flakes was extracted by hexane 
for 6 hours at ambient temperature according to the method 
of Dogan et al. (2005a).

The sensory evaluation was carried out according to Nakamura 
& Ohtsubo (2010). The fried flakes were subjectively scored 
by 12 panelists for their appearance, aroma, crispiness, hardness, 
taste and overall desirability. Maximum score was 5 and minimum 
score was 1 (Table 2). Scores for the control sample were 3 for all 
parameters. The test aimed to determine the difference between 
the experimental samples and the control.

2.5 Statistical analysis

All experiments were carried out in triplicate. Results were 
reported as average values with standard deviations. Analysis of 
variance (ANOVA) and Duncan’s multiple range test (DMRT) at 
p = 0.05 were used to determine differences between treatments 
using SPSS version 12.0.

3 Results and discussion
3.1 Bulk density of the fried flakes

Bulk density was related to the expansion of the batter. 
A higher expansion gave a larger volume which resulted in 
lower weight. Samples fried in palm oil had similar bulk density. 
Lowest flake density was recorded for samples fried in coconut 

Table 1. Batter composition.

Formula (%) Wheat flour Rice flour Sugar Salt Baking powder Whey protein Soluble fiber
Control 55.00 10.00 30.00 1.00 4.00 - -

Whey 5% 52.25 9.50 28.50 0.95 3.80 5.00 -
Whey 10% 49.50 9.00 27.00 0.90 3.60 10.00 -
Fiber 5% 52.25 9.50 28.50 0.95 3.80 - 5.00

Fiber 10% 49.50 9.00 27.00 0.90 3.60 - 10.00

Table 2. The sensory evaluation form. The control sample was rated 3 for all parameters.

Parameter Scale
Appearance

Aroma

Crispiness

Hardness

Taste

Overall evaluation
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oil with 10% whey added (Figure 1). Control flakes fried in palm 
oil had slightly lower bulk density than those fried in coconut oil 
because of the lower expansion of the flakes. This could result 
from different viscosities of the cooking oils. The viscosity of 
coconut oil was 73.30 ± 0.14 cP, while the viscosity of palm oil 
was 89.35 ± 0.21 cP. Coconut oil had lower viscosity than palm 
oil which negatively correlated to the heat transfer coefficient 
(Debnath et al., 2012) and affected expansion of the batter during 
frying. Krokida et al. (2000) reported that higher oil viscosity 
resulted in lower porosity values of fried products. Addition of 
fiber had minimal effect on bulk density for both cooking oils 
while adding whey reduced bulk density of coconut oils.

Oil bulk density possibly related to the porosity of the 
fried batter. Dogan et al. (2005b) stated that porosity referred 
to the pore volume relative to the matrix volume. Moreover, 
porosity also affected the crispiness perception of the fried batter 
(van Koerten et al., 2015).

3.2 Texture of the fried flakes

Hardness and stiffness of the fried flakes are shown in Table 3. 
Hardness was measured as the maximum force (Voong et al., 
2018), while stiffness was calculated from the initial slope of 
the first peak (van Koerten et al., 2015). Hardness and stiffness 
values of flakes fried with coconut oil were lower than palm oil 
for both parameters.

Hardness of flakes with added whey protein and fiber was 
lower than control and decreased with increasing amounts. Stiffness 
showed the same trend as the hardness. Hardness values showed 
a negative relationship to the porosity of the fried products, while 
stiffness related to crust brittleness (van Koerten et al., 2015). 
Addition of protein and fiber resulted in textural changes due 
to the disruption of the starch matrix (Dueik et al., 2014).

3.3 Oil absorption of the fried flakes

Absorption of oil by fried products occurs during cooling. 
Oil on the surface is absorbed due to capillary pressure and 
product microstructures such as porosity (Moreira et al., 1997; 
Ziaiifar et al., 2010; Voong et al. 2018). Some studies noted that 
oil origin and viscosity did not affect oil uptake (Kim et al., 2010) 
which did not concur with our results. Flakes fried in coconut 
oil had higher oil absorption than palm oil for all samples 
(Figure 2). Gertz (2014) stated that oil viscosity impacted on 
the migration of oil to the products.

Oil absorption in the control was lower than whey and fiber 
added samples for both cooking oils. Zhang et al. (2018) reported 
that porosity related to oil absorption. This could explain why 
whey protein resulted in higher oil content than fiber added 
samples. Higher porosity disrupts the starch matrix resulting 
in higher oil absorption (Mohamed et al., 1998; Dueik et al., 
2014). Similar results were reported by Dogan et al. (2005a) and 
Pęksa et al. (2010), while Zeng et al. (2016) recorded a reduction 
in oil content in products. The type of fiber used in the formula 
affected the amount of oil absorption.

Figure 1. Bulk density of the fried flakes using coconut and palm oil. 
Lowercase letters compared means between treatments fried with 
coconut oil. Capital letters compare means between treatments fried 
with palm oil.

Figure 2. Oil absorption of the fried flakes using coconut and palm 
oil. Lowercase letters compared means between treatments fried with 
coconut oil. Capital letters compare means between treatments fried 
with palm oil.

Table 3. Hardness and stiffness of the fried flakes using different cooking oils

Formula
Coconut oil Palm oil

Hardness (g) Stiffness (g/sec) Hardness (g) Stiffness (g/sec)
Control 7,734.81 ± 1,144.55a 1,925.77 ± 293.06a 9,609.23 ± 1,337.94a 2,450.63 ± 316.04a

Whey 5% 5,286.81 ± 1,159.58b 1,332.25 ± 296.09a 7,093.91 ± 2,267.08b 1,672.04 ± 542.52c
Whey 10% 2,926.50 ± 719.54c 747.78 ± 183.43c 3,994.82 ±783.36d 1,022.23 ± 178.26d
Fiber 5% 5,241.78 ± 1,664.20b 1,445.37 ± 488.93a 7,575.88 ± 1,535.51b 2,008.63 ± 422.94b

Fiber 10% 2,811.06 ± 517.63c 711.80 ± 136.09c 5,909.32 ± 1,152.72c 1,641.08 ± 314.45c
Different letters in the same column indicate statistical differences (p < 0.05).
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3.4 Sensory evaluation of the fried flakes

Previous results indicated that palm oil was more suitable 
for deep frying than coconut oil due to low oil absorption and 
better availability in the market. A sensory evaluation was 
conducted to determine the difference among the samples 
concerning appearance, aroma, crispiness, hardness, taste and 
overall evaluation. Results showed that the whey and fiber added 
samples mostly recorded a higher score than the control (Table 4). 
The sensory scores suggested that the fiber added samples had 
better appearance, aroma, taste and overall evaluation than whey 
added samples. The fiber added samples had a softer texture 
than the whey added samples which contradicted the texture 
analysis result. The overall evaluation score of the 10% fiber 
added samples was the highest, indicating that this formula was 
the most preferable including the control.

These results can be used by the food industry to formulate 
a batter that is suitable for consumer demand and to determine 
the best frying oil for large-scale investment.

4 Conclusions
Frying media affects the characteristics of deep-fried 

products. Coconut oil fried flakes had higher oil uptake, with 
hardness and stiffness lower than for palm oil. Whey protein 
and fiber addition did not affect flake density but increased oil 
absorption. Hardness and stiffness of protein and fiber-added 
samples were lower than the control and resulted in an improved 
texture. Whey protein showed higher texture modification than 
fiber. Oil absorption in fiber-added samples was lower than for 
whey protein addition. Our results indicated that coconut oil 
was not a good frying medium in aspects of oil uptake while 
adding protein or fiber modified the texture of fried batter to 
levels that were more acceptable than the control.
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