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Abstract The effects of soy protein isolate (SPI), whey
protein isolate (WPI) and egg albumen (EA) on the
quality of deep-fat-fried chicken nuggets were studied.
Batter without protein addition was used as a control.
Batter pickup and moisture content, oil content, texture,
porosity and colour of the nuggets were determined for 3,
6, 9 and 12 min of frying at 180 �C. Additionally, the
rheological properties of batters were studied. SPI (3%)
provided the highest apparent viscosity and coating
pickup. All the batters showed shear-thinning behaviour
except EA-added batter. Addition of different proteins to
the batter formulation decreased the oil content of the
final product. EA reduced the oil content of chicken
nuggets significantly but yielded softer products. WPI
(3%) was found to be the most effective ingredient on
improving quality parameters of deep-fat-fried chicken
nuggets. WPI (3%) added batters provided the hardest and
crunchiest product with the darkest colour and also sig-
nificantly reduced the oil content of the fried nuggets.
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Introduction

Coating the surfaces of products using batters in deep-fat
frying is a common and popular process. The coating adds
value to the product not only by controlling moisture loss
and so oil uptake during frying, but also by providing
nutrition, a crisp texture and the desired colour to the fried
products. The recent trend in reducing the fat content in
fried foods is leading to the development of low-fat

products by using batter formulations with specific in-
gredients.

A typical batter formulation consists of wheat flour,
corn flour and a leavening agent as critical ingredients to
which other flours, starches, gums, proteins, colorants and
flavourings can be added as optional ingredients [1].

Proteins represent the most important class of func-
tional ingredients because they possess a range of dy-
namic functional properties such as gelation, structure
formation, colour, texture, thickening, emulsification,
foaming and elasticity. They show versatility during
processing, they can form networks and structures and
they provide essential amino acids, so they fulfil func-
tional and nutritional requirements. In addition, they in-
teract with other components and improve quality at-
tributes of foods [2].

There are studies reported in the literature showing the
effects of different proteins used in batter formulations.
Soy protein isolate (SPI) and whey protein isolate (WPI)
were shown to reduce oil uptake of cereal products during
frying [3]. A soy protein film coating provided fat re-
duction in deep-fat frying of doughnut and potato as well
[4]. In a comparison of egg yolk, gluten, skimmed milk,
whey and ovalbumin with respect to their effects on oil
absorption and texture, ovalbumin was able to reduce oil
absorption and improve the crispness of the fried batter
[5]. Adhesion of a coating to food products is also an
important quality parameter. Gelatin and egg albumen
were found to be more effective than soy, whey and
nonfat dry milk in improving adhesion [6].

Batter viscosity determines the way the batter flows on
the product before it enters the fryer. The apparent vis-
cosity of flour-based batters was positively correlated
with batter adhesion [7]. Therefore, studying the rheo-
logical behaviour of different formulations of batters is
important.

The properties that determine the overall quality of a
fried food product include moisture content, colour, oil
content, flavour, texture, yield, nutritive value and shelf-
life stability [8].
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The main objective of this study was to evaluate the
effects of different protein types at different concentra-
tions on the quality of deep-fat-fried chicken nuggets and
to determine the best coating formulation. Another ob-
jective of this study was to investigate the effects of batter
consistency on frying performance in chicken nuggets.

Materials and methods

Materials

Three types of proteins i.e., SPI (Protient, USA), WPI (Protient,
USA) and egg albumen powder (EA) (Instant High Gel EAP-HG,
Belovo, Belgium), were used in the experiments. Wheat flour
(containing 31.5% wet gluten), corn flour, sunflower oil, chicken
parts and all other ingredients used for the experiments were sup-
plied from the local market.

Sample preparation

Breast portions of chicken were stored at -15 �C for up to 2 months
prior to use. Frozen samples were thawed at 10 �C in the refrig-
erator before the experiments. Samples 4 cm in diameter and
1.5 cm in thickness were cut using a manually operated cutting
device. The uniformity of the thickness of the samples was checked
by using a micrometer (Mitutoyo, Japan). Each sample was
weighed before being dipped into batter to ensure a uniform range
of 0.013€0.002 kg.

The batter formulations were composed of solid and water in a
ratio of 3:5. The solid content of the batter formulations contained
equal amounts of corn and wheat flour. In addition, 1.0% salt and
0.5% leavening agent were added to the formulation. To determine
the effects of protein types on deep-fat-fried chicken nuggets, 1%
or 3% of flour mix was replaced with different protein types. As a
control, batter without protein addition was used. The batters were
prepared by mixing the dry ingredients with water at 45€1 �C for
30 s with a mixer at the lowest speed (Ar�elik ARK55 MS, Turkey)
to ensure uniform mixing. Chicken samples were immersed indi-
vidually into the batter suspensions for 10 s immediately after
preparation of the batter and were weighed again to determine the
coating mass before frying.

Analysis of batter

The water binding capacities of proteins and the corn–wheat flour
mix were measured using the method of Medcalf and Gilles [9].
The amount of batter adhering to the sample during immersion
coating before frying was considered as the batter pickup and was
calculated as the weight of the coating picked up by a nugget
divided by the uncoated nugget weight and multiplied by 100. The
weight of the coating picked up by a nugget was determined from
the decrease in the weight of the batter suspension after coating a
chicken piece.

The flow behaviours of the batters were investigated at 45€1 �C
with a parallel-plate rotational viscometer (Haake model CV20,
Germany). Immediately after preparation of the batter, the sample
was placed within a 1-mm gap sample load. The sample was
sheared at a programmed rate linearly increasing from 0 to 200 s�1

in 300 s.

Frying

Samples were deep-fat fried at 180 �C in commercial bench-top
deep-fat fryer (Moulinex, France) containing 2.5 l oil. A copper/
constantan thermocouple was connected to the fryer to measure the
temperature. Only four pieces were deposited into the frying oil

each time. Samples were fried for 3, 6, 9 and 12 min. After each
frying batch, the oil level was checked and the oil was replaced
after 6-h frying.

Analysis of fried samples

The texture of the samples was analysed in terms of hardness and
fracturability. Hardness is defined as the peak force during the first
compression cycle, while fracturability (brittleness) is the force at
the first significant break in the first positive bite area of the texture
profile analysis curve. These were measured in the fried samples
40 min after frying, using a texture analyser (Lloyd Instruments,
TA Plus, UK). A load cell of 50 N was used. A conical probe
(D=1.6 cm, H=1.5 cm) was attached to the instrument for the
penetration test. The instrument was set to a speed of 55 mm min�1

for 25% penetration of a conical probe into the fried sample.
For moisture determination, the whole fried samples were dried

in a forced convection oven at 105 �C to achieve constant weight
[10]. The oil content of the fried samples was determined by ex-
tracting with n-hexane using Soxhlet extraction for 6 h [10].

Porosity was estimated using bulk and particle densities of the
sample [11]. The bulk density was measured by the liquid dis-
placement method, where paraffin was used as a liquid to prevent
its absorption by the samples. The particle density was determined
by the gas displacement method with a nitrogen stereopycnometer
(Quantachrome, USA).

The colour of the fried chicken samples was measured using a
Minolta colour reader (CR-10, Japan) using the CIE Lab L*, a* and
b* colour scale. Triplicate readings were carried out at room tem-
perature on three different locations of each sample, and the mean
value was recorded.

Statistical analysis

All analyses were done at least four times under each experimental
condition and mean values were reported. The data were evaluated
by using analysis of variance in order to determine the significant
differences between the effects of protein types on quality param-
eters of deep-fat-fried chicken nuggets. If a significant difference
was found, the treatments were compared using Duncan’s multiple
comparison test (p�0.05). Correlation was obtained to relate
moisture content to oil content.

Results and discussion

The apparent viscosities of different batter formulations
are shown in Fig. 1. Experimental data provided a good fit
(r2�0.948) for the power-law model;

t ¼ K _gn

The flow behaviour and consistency indices of the
batters are given in Table 1. All the batters show shear-
thinning behaviour except EA-added batters, which
showed shear-thickening. Batters to which SPI was added
showed higher consistency owing to the high water
binding capacity of SPI (Table 2).

SPI, which had the highest apparent viscosity, showed
the highest pickup to the fried product (Fig. 2). WPI and
EA addition reduced the coating pickup of deep-fat-fried
chicken nuggets compared with that of the control for-
mulation owing to their low apparent viscosities. In-
creasing the SPI concentration from 1 to 3% in the batter
formulation increased coating pickup, while the same
increase in WPI and EA concentration in the batter for-
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mulation resulted in a decrease in coating pickup. This
shows that gluten is more effective than WPI and EA for
increasing the consistency. Therefore, adequate consis-
tency for batters to coat foods was lost when the corn and
wheat flour mixture was replaced partly by WPI or EA.

The effects of protein types at different concentrations
on the texture of deep-fat-fried chicken nuggets were
examined in terms of hardness and fracturability (Figs. 3,
4). In general, both hardness and fracturability increased
with increasing frying time. The initial moisture content
was found to be inversely related to the force required to
break the matrix [12]. Thus, the differences in the water
binding capacities of the batters resulted in different
texture values during frying. According to that, 3% SPI
added batter was found to provide a softer texture during
the initial frying period with respect to the control and
other ingredients (Fig. 3). However, after 12 min of fry-
ing, it was one of the formulations giving the highest
hardness value owing to its film-forming ability. Heat-

induced cross-linking in the SPI structure contributed to
the increase in toughness. WPI-containing batters (3%)
provided significantly different hardness and fracturabil-
ity values than control formulation (Figs. 3, 4). This may
be due to the formation of intermolecular disulfide cross-
links in whey protein.

The effect of protein types on the moisture content of
deep-fat-fried chicken nuggets is given in Fig. 5. The
control batter lost the highest amount of water during
frying. Addition of EA to the batter formulation increased
the moisture retention significantly compared with the
control. This may be due to the more hydrophobic nature
of EA. WPI (3%) added batters gave the highest moisture
retention value after 12 min of frying, which can be
considered as the optimum frying time for an acceptable
product. The potential formation of intermolecular di-
sulfide cross-links in whey protein films might have im-
proved the barrier properties of the WPI-added batter for
water vapour.

Addition of different proteins at different concentra-
tions to the batter decreased the oil content of the final
product (Fig. 6). Less oil absorption may be related to the
formation of covalent links within films during heating.
The reduced oil uptake may also be related to thermal
gelation and the film-forming ability of proteins. The oil
content was found to be correlated with the moisture
content (r=0.89). Previously, a linear relationship between
oil uptake and water removal had been reported [13].
WPI- and EA- added batters provided the least oily
products. The improved water vapour barrier properties of
WPI-added batter caused a reduction in oil absorption into
the product. Ovalbumin, the main protein in egg albumen,
was also reported to reduce the oil uptake of the fried
product, probably owing to its lipophobic nature [14].

The development of porosity in foods, in general, de-
pends on the initial moisture content and the composition
of the material. The effect of protein addition to the batter
formulations on the porosity of the samples is shown in
Fig. 7. SPI addition at 3% concentration provided the
most porous product, while WPI- or EA- added batters

Fig. 1 Changes in batter vis-
cosity with shear rate for dif-
ferent protein types at different
concentrations. 3% whey pro-
tein isolate (WPI) (u), 1% WPI
(o), 3% soy protein isolate
(SPI) (s), 1% SPI (+),
3% egg albumen powder (EA)
(�), 1% EA (*), control (–).
Markers represent the experi-
mental data; lines represents
the power-law model.

Table 1 Consistency index (K) and flow behaviour index (n) of
batters with different proteins: whey protein isolate (WPI), soy
protein isolate (SPI), egg albumen powder (EA).

K (Pa sn) n r2

WPI, 3% 0.24 0.96 0.962
WPI, 1% 0.31 0.91 0.976
SPI, 3% 5.29 0.59 0.999
SPI, 1% 3.40 0.58 0.992
EA, 3% 0.09 1.14 0.962
EA, 1% 0.07 1.19 0.948
Control 3.65 0.48 0.984

Table 2 Water binding capacities of flour mixture and different
proteins.

Water binding capacity (w/w)

Corn flour + wheat flour 1.04
WPI 0.04
SPI 5.36
EA 0.12
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Fig. 2 Effects of different pro-
tein types at different concen-
trations on coating pickup of
deep-fat-fried chicken nuggets
during frying. 3% WPI (1), 1%
WPI (2), 3% SPI (3), 1% SPI
(4), 3% EA (5), 1% EA (6),
control (7). Bars with different
letters are significantly different
(p�0.05).

Fig. 3 Effects of different pro-
tein types at different concen-
trations on the hardness of
deep-fat-fried chicken nuggets
during frying. 3% WPIa (u),
1% WPIab (o), 3% SPIab (s),
1% SPIab (+), 3% EAb (�),
1% EAb (*), controlb (–).
Formulations having different
letters are significantly different
(p�0.05).

Fig. 4 Effects of different pro-
tein types at different concen-
trations on the fracturability of
deep-fat-fried chicken nuggets
during frying. 3% WPIa (u),
1% WPIab (o), 3% SPIbc (s),
1% SPIdc (+), 3% EAd (�),
1% EAd (*), controldc (–).
Formulations having different
letters are significantly different
(p�0.05).
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Fig. 5 Effects of different pro-
tein types at different concen-
trations on the moisture content
of deep-fat-fried chicken nug-
gets during frying. 3% WPIab

(u), 1% WPIab (o), 3% SPIab

(s), 1% SPIab (+), 3% EAa

(�), 1% EAa (*), controlb (–).
Formulations having different
letters are significantly different
(p�0.05).

Fig. 6 Effects of different pro-
tein types at different concen-
trations on the oil content of
deep-fat-fried chicken nuggets
during frying. 3% WPIc (u),
1% WPIbc (o), 3% SPIab (s),
1% SPIab (+), 3% EAc (�),
1% EAc (*), controla (–).
Formulations having different
letters are significantly different
(p�0.05).

Fig. 7 Effects of different pro-
tein types at different concen-
trations on the porosity of
deep-fat-fried chicken nuggets
during frying. 3% WPIab (u),
1% WPIab (o), 3% SPIa (s),
1% SPIb (+), 3% EAab (�),
1% EAab (*), controlab (–).
Formulations having different
letters are significantly different
(p�0.05).
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were not significantly different from the control as the
batters prepared with WPI or EA were not viscous enough
to keep the gas within the system. In general, porosity
increased during frying.

The effect of protein types on colour development of
deep-fat-fried chicken nuggets was examined in terms of
CIE Lab L*, a* and b* values. As the frying time in-
creased, the L* value decreased but the a* value increased
(Figs. 8, 9). However, there was no significant trend in the
variation of the b* value with respect to time. In general,
proteins increased browning of the fried batter owing to
the Maillard reaction. However, some proteins like EA
(3%) and SPI (3%) had lighter-coloured crusts with re-
spect to the control and other coatings. It was also re-
ported that a high proportion of EA in batter formulations
for coating chicken nuggets caused problems in colour
[15]. WPI (3%) added batters had a significant effect on
colour formation of deep-fat-fried chicken nuggets, and
produced the darkest colour in terms of lightness and
redness.

Conclusion

Addition of different protein types to batter formulations
was found to affect both the rheological properties of
batter and the quality attributes of deep-fat-fried chicken
nuggets. All the batters showed shear-thinning behaviour
except EA-added batters. SPI provided the highest ap-
parent viscosity to the batter. Hardness, fracturability and
oil content increased, whereas moisture content decreased
with respect to frying time.

Batters to which SPI was added showed the highest
coating pickup. WPI- and EA-added batters reduced oil
absorption significantly. In addition, 3% WPI added
batters were significantly effective in improving the col-
our and texture of deep-fat fried chicken nuggets com-
pared with the control batters. Therefore, WPI can be
recommended to be used in batter formulations of chicken
nuggets.

Fig. 8 Effects of different pro-
tein types at different concen-
trations on the L* value of deep-
fat-fried chicken nuggets during
frying. 3% WPIc (u), 1% WPIb

(o), 3% SPIa (s), 1% SPIb (+),
3% EAa (�), 1% EAb (*),
controlb (–). Formulations
having different letters are
significantly different (p�0.05).

Fig. 9 Effects of different pro-
tein types at different concen-
trations on the a* value of deep-
fat-fried chicken nuggets during
frying. 3% WPIa (u), 1% WPIb

(o), 3% SPIe (s), 1% SPIc (+),
3% EAe (�), 1% EAcd (*),
controlde (–). Formulations
having different letters are
significantly different (p�0.05).
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