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ABSTRACT 

In this paper, the effects of frying time, white egg (0%, 5% and 10% w/w) and chitosan (0%, 0.5% and 1.5% w/w) addi-
tion to the batter formulation on the quality of simulated crispy deep-fried Kurdish cheese nugget crusts was studied by 
using a deep-fried crust model. Moisture content, oil content, color and hardness of the samples were determined. Crust 
models were fried at 190˚C for 60, 120 and 180 s. Batter formulations and frying time significantly (p < 0.01) affected 
moisture, oil content, color and hardness of Crust models. Batter formulation contain 10% white egg was found to be an 
effective ingredient in decreasing oil content of Crust models. The mean moisture and fat content of Crust models 
formed with batter contained 10% white egg, fried at 190˚C, for 180 s were 6.207 ± 0.447 and 5.649 ± 0.394. Batters 
containing 5% white egg and 1.5% chitosan showed the lowest moisture content and the highest oil content among all 
the formulations. Crust models containing combination of white egg and chitosan were the darkest. Hardness of sam- 
ples containing chitosan were the highest, specially for ch1.5 The mean hardness in 60, 120 and 180 s of frying in this 
formulation were 21.518 ± 0.481, 36.871 ± 1.758 and 49.563 ± 1.847 respectively. 
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1. Introduction 

Deep-fat frying can be defined as the process of cooking 
through contact with hot oil [1]. Fried foods constitute a 
primary choice in the diets and have remained ever 
popular among today’s consumers of all ages. Because of 
changes in life style of consumers in term of preparation 
and consumption of food, the relative importance of fried 
foods is apparent [2]. Batter used for fried foods can be 
defined as liquid dough, basically consisting of flours, 
starches, seasoning and water. Batters have become more 
sophisticated complex systems in which the nature of the 
ingredients is very wide ranging and their interaction 
affects the finished product [3]. One of the main prob- 
lems associated with batter-coated food consumption is 
the considerable amount of oil absorbed during the pre- 
frying and frying operations [4]. One approach would be 
using an edible film ingredient that will improve the 
coating performance and be served as a shield to control 
the diffusion of moisture and fat in battered and breading 
products. Various types of edible coatings and films have 
been reported on the application in fried food, including 
methylcellulose [5,6], corn zein [7], hydroxypropyl me-  

thylcellulose [8] dextrin and dried egg [9], chitosan 
[4,10]. The ability of these coatings to limit moisture 
transfer may enable fried food products to maintain their 
crispness by inhibiting moisture transfer from the food 
material to the crust, and by limiting moisture absorption 
from the environment into the crust. When the liquid 
batter comes into direct contact with the hot frying oil, it 
sets around the piece of food and becomes a crisp crust 
[1]. Chitosan is apoly-β-(1→4)-2-amine-deoxy-D-glu- 
copyranose and a naturally occurring component in shells 
of crustaceans and the cell walls of fungi. Chitosan is 
currently a field of interest due to its functional charac- 
teristics. Special functional properties include antimicro- 
bial activity [11], serum cholesterol lowering ability [12], 
antioxidative activity in muscle foods [13], emulsifica- 
tion [12]. In addition, chitosan cannot be digested and 
absorbed in human intestine and therefore contributes to 
the benefits of dietary fiber [10]. White Egg is a complex 
protein system made up of a solution of globular proteins 
containing ovomucin fibers [14]. Ovalbumin, which con- 
stitutes more than half of white egg protein by weight, is 
the only fraction that contains free sulfhydryl (SH) 
groups. Other proteins, such as ovotransferrin, ovomu- *Corresponding author. 
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coid, and lyzozyme contain disulfide (S-S) bonds [15]. 
The S-S bonds are considered important in film forma- 
tion for proteins containing cysteine and cystine amino 
acids [16]. Variations in core properties (i.e., moisture 
content, porosity, surface roughness) and batter viscosity 
affect the amount of batter adhering to the product before 
frying which will have a pronounced effect on crust 
properties [3]. Also it is often difficult and time-con- 
suming to separate the crust/batter from the product core, 
making rapid analysis of the batter/crust a difficult task. 
Finally, the fried product often shows poor reproducibi- 
lity. To avoid this problem a deep-fried crust model 
(DFCM) system was used for making deep-fried crusts 
[17,18]. The thickness of the batter before deep frying 
can be controlled independently of the batter viscosity 
and therefore the effects of the thickness on the crust 
properties can also be controlled. The aim of this study 
was to design a deep-fried model (DFM) system allow- 
ing the production of reproducible crusts with the flexi- 
bility of adapting to different batter and core types. Since 
the presence of a core is essential to simulate the crust 
formation of a real product, in the study from moisture 
content of Kurdish cheese nugget was used to adjust the 
humidity of silica as core. There have been no previous 
studies in Kurdish cheese nugget. Also studying the ef- 
fects of white egg and chitosan addition on the quality 
properties of CRUST MODELs have been studied. 

2. Materials and Methods 

2.1. Batter Preparation  

Wheat flour was purchased from local market to prepare 
the batter. According to the manufacturer, the composi- 
tion of the wheat flour was 8.5% (w.b.) protein, 0.6% 
(w.b.) ash content and 14.2% moisture. A control batter 
was prepared by mixing wheat flour (90.8%), baking 
powder (3.1%), flavor (pepper) (0.6%), and salt (5.5%). 
In addition, chitosan (Sigma chemical com, low molecu- 
lar weight) (0%, 0.5% and 1.5%) and white egg (0%, 5% 
and 10%) was added, replacing the same amount of 
wheat flour. The water/dry mix proportion was always 
1.2:1 (w/w) in batter containing chitosan and 1% acetic 
acid. The temperature of the water before mixing was 
15˚C. The ingredients were mixed in a mixer (Moulinex, 
type BM4) for 2 min.  

2.2. Crust Model Preparation  

Deep-fried crusts were prepared using a model system 
[17]. Batters were deep-fried using a stainless steel de- 
vice that holds two aluminum cups (64 mm diameter, 28 
mL volume). Each cup was covered by gauze with a 
mesh diameter of 0.18 mm and a wire diameter of 0.14 

mm. The gauze was coated with Teflon to prevent the 
crust from caking to the gauze during frying, in which 2 
samples can be fried simultaneously. Each crust model 
was prepared by depositing first 4 mL of batter on Tef- 
lon-coated gauze that was placed above a cup containing 
5 g of silica gel. Finally breading (Pars Bryank, Mashhad) 
was added to the batter. The presence of a core is essen- 
tial to simulate the crust formation of a real product. 
Water evaporating from the core during frying plays an 
important role in crust formation. This vapor will have an 
effect on crust temperature. Conditioned silica powder 
provided an ideal core, moisture content was easily ad- 
justed, and properties of the powder were highly repro- 
ducible. Silica is inert, thus, apart from the moisture 
evaporating, no other reactions are taking place during 
frying. Khorasan Kurdish cheese is a traditional Iranian 
white cheese made from raw ewes’ milk. It moisture 
content is almost 65%. The moisture content of the silica 
powder was set by storing the powder on a flat surface in 
a germinator (Altus 400-Iran, 375litet) to simulate the 
wet core characteristic of deep-fried battered Kurdish 
cheese nugget, in 22˚C for at least two days. Crust mod- 
els were prepared by frying in refined sunflower oil 
(Nina, Iran) due to its high smoking point, in a thermo- 
statically temperature controlled fryer (Black & Decker, 
Type 01) for 60, 120 and 180 seconds at 190˚C. Crust 
models were separated from the gauze. After frying, the 
crusts could be separated easily from the gauze for fur- 
ther analysis. All examinations of the crust models were 
measured 30 min after frying. 

2.3. Moisture Content Analysis 

Moisture content analysis was performed according to 
the procedure described in the AOAC (1984) [19]. The 
crust models were dried in a conventional oven (Mem- 
mert, 154 Beschickung loading, model 100 - 800) at 
105˚C for 24 h. The samples were cooled in desiccators 
and moisture contents were determined by difference in 
weight in terms of dry basis. 

2.4. Fat Extraction 

Fat content determination was carried out by soxhlet ex- 
traction technique using AOAC (1990) [20]. The dried 
samples used for moisture content determination were 
subsequently ground using a blender. The ground sample 
(2 - 4 g) was weighed with an electronic balance (TR- 
4102D, Denver Instrument Co., Denver, CO) and placed 
in a thimble. Fat was extracted in solvent extractor using 
petroleum ether (Extra pure, ET0091) during a period of 
6 h. The thimbles were further dried at 105˚C for 60 min 
to remove residue solvent and moisture. Then the thim- 
bles were cooled in a desicator and subsequently weighed. 
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The oil contents were obtained in terms of dry basis. 

2.5. Color 

Color of crust models was measured using an image 
processing technique as following: 

1) A computer vision system generally consists of four 
basic components: illumination, a camera, computer 
hardware, and software. In this research, sample illumi- 
nation was achieved with four fluorescent lights (Opple, 
8 W, model: MX396-Y82, 60 cm in length) with a color 
index (Ra) close to 95%. The illuminating lights were 
placed in a wooden box, 45 cm above the sample and at 
the angle of 45˚ with sample plane to give a uniform light 
intensity over the crust models sample [21]. The interior 
walls of the wooden box were painted black to minimize 
background light. So that stabilization the lighting sys- 
tem, it was switched on for about 30 min prior to acquir- 
ing images. A color digital camera (Canon EOS 1000D, 
Taiwan) with lens focal length 35 mm was located verti-
cally at a distance of 25 cm from the sample. The angle 
between the camera lens axis and lightening sources was 
around 45˚. The iris was operated in manual mode, with 
the lens aperture of 4, ISO 200 and speed 1/80 s (no zoom, 
no flash) to achieve high uniformity and repeatability. 
Images were captured with the mentioned digital camera 
at 2592 × 3888 pixels and connected to the USB port of a 
computer. Canon Digital Camera Solution Software (Ca- 
non Utilities Zoom Browser EX Version 6.1.1) was used 
to acquire the images in the computer in JPEG format. 

2) Image preprocessing: Improvement of background’s 
contrast of images and segmentation (to separate the true 
images of the bell peppers from background) was per- 
formed using Adobe Photoshop (Adobe, v.8.0). 

3) Alteration of RGB chromatic space into L*a*b* units: 
Since the L*a*b* color is device independent and provid- 
ing consistent color regardless of the input or output, the 
images taken were converted into L*a*b* units. In the 
L*a*b* space, the color perception is uniform, and there- 
fore, the Euclidean distance between two colors is almost 
in agreement with the color difference perceived by the 
human eye [22]. The net color difference (ΔE) was cal- 
culated with the relation: 

     2 2* * * * * *
2 1 2 1 2 1E L L a a b b      

2

Where,
d 

n 
1.40 g. 

dness was defined as 
the peak force for this penetration. 

tical significance was deter- 
mined at 95% probability. 

sion 

tions of surface SH groups t an unheated solutions [27].  
  

 

where L* is referred to as the lightness or luminance, 
while a* is defined along the axis of red-green, and b* is 
defined along the axis of yellow-blue. A positive value of 
a* indicates that red is the dominant color, while a nega-
tive value suggests the dominance of green. The same 
applies the b* component on the yellow-blue axis, a posi-
tive value indicates that yellow is dominant, while a 

negative value suggests the dominance of blue [23]. 
 *

1L ,  and *
1b  represented the readings before 

frying (batter an *
2L ,  and *

2b  represented the 
individual readings at any frying time. In this study, the 
image analysis was managed using ImageJ software (Na- 
tional Institutes Health, Bethesda, Md, USA) versio

*
1a
), *

2a

2.6. Hardness 

Texture of the samples was determined in terms of hard- 
ness. Hardness of the crust models were measured 30 
min after frying, using a texture analyzer (QTS25 CNS 
Farnell, UK) interfaced to a personal computer. A Probe 
ball was attached to the instrument for the penetration 
test. The test settings were: test speed 120 mm/min, trig- 
ger force 5 g, travel distance of the probe 7 mm. The 
crusts were placed on a horizontal flat plate with 60 mm 
slot aperture below the place. Har

2.7. Statistical Analysis  

Frying experiments were replicated three times under 
each experimental condition. Data obtained from analysis 
were assessed by ANOVA (Analysis of Variance) to 
determine the significant differences between the effects 
of frying time, chitosan and white egg on quality pa- ra-
meters of the crust models by using the statistical soft- 
ware program Minitab for Windows (Version 14) to find 
out which parameters are significant for the specified 
quality parameter. Duncan’s multiple comparison tests 
were applied to determine the difference among the 
means. The level of statis

3. Results and Discus

3.1. Moisture Content 

There was a significant difference (p < 0.05) between 
moisture content of crust models 30 min after frying (Ta- 
ble 1). The moisture content of treated and control with 
increasing frying time decreases. Similar pattern was 
reported by other authors [24,25]. According to the Fig- 
ure 1, Moisture content W10, w5 and control were 
29.607 ± 3.800, 21.908 ± 0.480 and 20.526 ± 4.168 in 60 
s frying time respectively. Reduced moisture loss could 
be related to thermal gelation and the film-forming abil- 
ity of white egg [26]. Ovalbumin which constitutes more 
than half of white egg protein by weight is the only frac- 
tion that contains free sulfhydryl (SH) groups. By heating, 
white egg film-forming solu ions had greater concentra- t

h     
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Table 1. Analysis of variance results (mean squares values). 

Sour  d.  Moisture content (%) Oil content (%) * * * ) Hard )ce f. b  a  L  Color (ΔE ness (N

A 2 2435.  26.38** 9987** 661.76** 376.709** 1498.97** 483.58** 3355.70** 

B 2 161.  54.  158.  240.  2673.  842.

** 1

NS 16.  22.  39. **

** NS ** *

  

A 28. ** 0. * ** 2. NS 2. NS ** 28. ** 

2. 0.4740 4. 2.093 10. 1. 5.

   

45** 8220** 34** 198** 04** 88** 491.85** 

C 2 11.20* 5.7855** 44.01  55.974** 523.64** 146.29** 300.52** 

A × B 4 28.36** 0.1800 73* 18.801** 13NS 42.70** 17  

A × C 4 24.96  1.2816* 3.91  6.883* 40.80  6.05  104.63** 

B × C 4 123.93** 17.0176** 175.82** 72.602** 772.40** 126.13** 220.50** 

× B × C 8 58 6763  26.32 493 89  11.69 00

Error 54 51 15 99 69 02 

Total 80     

A: Frying time (second); B: chitosan (%); C: White egg (%); NS = not significant; **p = 0.01, *p = 0.05. 
 

 

Figure 1. Effect of frying time on moisture content of crust 
models at 190˚C contain Different percentages of chitosan 
and white egg, and both. Con: control batter; w5: batter 
contain 5% egg white; w10: batter contain 10% egg white; 
ch0.5: batter contain 0.5% chitosan; ch1.5: batter contain 
1.5% chitosan; w5ch0.5: batter contain 5% egg white and 
0.5% chitosan; w5ch1.5: batter contain 5% egg white and 
1.5% chitosan; w10ch0.5: batter contain 10% egg white and 
0.5% chitosan; w10ch1.5: batter contain 10% egg white and 

.5% chitosan. 

control moisture loss and lipid oxidation in precooked 

n and white egg, reduced 
their ability to forming films. 

ol except for 
samples ch1.5w10 and ch1.5w5 (Figure 2). 

1
 
The increased surface SH concentration is important for 
white egg film formation, because, upon exposure to air, 
the SH groups are converted to intermolecular S-S bonds 
through oxidation and sulfhydryl-disulfide interchange 
reactions [15,28]. Therefore formed film make the hard 
crust that prevents water loss. The results showed that 
crust models with chitosan had less moisture content 
compared to crust models including white egg (Figure 1). 
Moisture content of ch0.5, ch1.5 and control were 29.734 
± 0.514, 25.296 ± 0.785 and 20.526 ± 4.168 in 60 s time 
of frying respectively. In the study carried out by Wu et 
al. (2000), they used CH coating (2%) as a barrier to 

beef patties and found that CH coating reduced the 
moisture loss but was not effective in controlling lipid 
oxidation [29]. Batter formulations Contain both white 
egg and chitosan, their ability to retain moisture of less 
than or equal to the control sample (Figure 1). Because 
of interaction between chitosa

3.2. Fat Content 

The fat content was dependent on the frying time. 
Breading portion seemed to absorb more of the frying oil 
with longer residence time in the fryer of the frying tem- 
perature. Other authors also reported higher oil uptake 
with increasing frying time [30]. This could be attributed 
to the porous structure which might have facilitated the 
transport of oil and moisture simultaneously. Moisture 
content is an important factor in determining oil uptake 
during deep fat frying. Water evaporation creates cavities 
during frying. These capillary pores work as pathways in 
the food and subsequently filled by oil [24]. There was 
an opposite relationship between moisture loss and oil 
uptake, so higher oil content corresponded with lower 
moisture content [24,31]. The effect of frying time, chi- 
tosan and white egg were significant (p < 0.05) in con- 
trolling oil content during deep fat frying (Table 1).The 
fat content of crust models of ch0.5, ch1.5 and control 
were 5.611 ± 0.419, 6.674 ± 0.040 and 6.915 ± 1.515 
respectively (Figure 2) and also w10, w5 and control 
samples had 3.647 ± 1.103, 4.236 ± 0.254 and 6.915 ± 
1.515 fat content after 60 s of frying respectively (Figure 
2). Egg albumen reduced the oil content significantly, but 
yielded softer products [32]. All combinations of chito- 
san and white egg resulted in significantly lower fat con- 
tent of crust models as compared to the contr
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Figure 2. Effect of frying time on fat content of crust models 
at 190˚C contain Different percentages of chitosan and 
white egg, and both. Con: control batter; w5: batter contain 
5% egg white; w10: batter contain 10% egg white; ch0.5: 
batter contain 0.5% chitosan; ch1.5: batter contain 1.5% 
chitosan; w5ch0.5: batter contain 5% egg white and 0.5% 
chitosan; w5ch1.5: batter contain 5% egg white and 1.5% 
chitosan; w10ch0.5: batter contain 10% egg white and 0.5% 
chitosan; W10ch1.5: batter contain 10% egg white and 
1.5% chitosan. 

3.3. Color 

Coated foods develop a golden color, between yellow 
and brown, when they are fried. This is a characteristic 
that consumers normally consider very attractive. During 
frying, the appearance of dark notes tends to be avoided. 
A light golden tone is the benchmark color for determin- 
ing the end of the final frying process. The lightness (L*) 
and yellowness (b*) of the crust models decreased with 
frying time as observed in Table 2. While redness (a*) 
increased significantly with frying time. Krokida et al. 
(2001) reported different results on fried potatoes [33]. 
They found that the lightness of potato strips increased 
during frying. The color of deep-fat fried chicken nug- 
gets was studied by Dogan et al. (2005a), they found that 
as frying time increased, L* values decreased and the a* 
value increased [34].  

Redness is not a desirable color in fried food products 
in general [33] while yellowness is a desirable color in 
such products. Batter formulations containing white egg 
were lightest. (Table 2). Mohamed et al. (1988) observed 
that the addition of ovalbumin to a batter improved 
crispness and color owing to the amine groups present in 
proteins participating in the Maillard reaction. Chitosan 
content in coating solutions increased, the brownish color 
increased in coated samples. These may be due to brown- 
ing reaction of polysaccharide with protein complex 
when it was heated at high temperature [35]. Crust mod- 
els containing combination both of white egg and chito- 
san had the darkest color. This could be attributed to the 
browning occurring due to the presence of reducing 

Polysaccharide in the breading portion .These Polysac- 
charide combine with amines from the protein ingredi- 
ents of the batter system to from a combination that un- 
dergoes non-enzymatic browning known as the Maillard 
reaction. As shown in Table 2 Color difference (ΔE) 
increased during frying time. Results showed that crust 
models treated with ch0.5w5 had the highest ΔE in 60, 
120 and 180 s of frying, 19.436 ± 1.466, 30.497 ± 0.335 
and 35.488 ± 1.359 respectively. As expected, highest 
ΔE were observed at higher frying time. 

3.4. Hardness 

In breaded or battered products, one of the main texture 
characteristics is crispness/crunchiness. It is a primary 
criterion of sensory quality because it largely determines 
their acceptability. The crispness that the external layer 
acquires during frying depends on its initial composition 
and on the frying temperature and time. During the fry- 
ing process, it is dehydrated until it provides a crisp tex- 
ture in the outer part while protecting the tenderness of 
the inner part [36]. Crispness of the product was repre- 
sented by the maximum force values encountered during 
a puncture test. The effect of temperature on the maxi- 
mum force values was significant (p < 0.01) (Table 1). 
The obtained results for hardness and the mean separa- 
tion are given in Table 2. Hardness of samples contain- 
ing white egg was equal or lower than control. A signifi- 
cant decrease in the peak force of the fried coating pieces 
was obtained when dextrin or dried egg was added to the 
batter mixes, indicating reduced hardness of the fried 
samples [22] and also [37] explained that egg contains 
albumin, which helps to bind the breading/batter to the 
product contributing to batter stability. But hardness of 
samples containing chitosan wer the highest (Table 2). 
Hardness increased significantly with frying time. Ateba 
& Mittal (1994) found that the hardness in the texture 
increased linearly with frying time like the observations 
made in this study. Moisture loss, protein denaturation 
and starch gelatininzation have been reported as the ma- 
jor factors influencing texture changes in the batter and 
crust [37]. 

4. Conclusion 

The major advantages of working with the crust model 
are the better reproducibility of the crusts, the ease by 
which crusts can be separated from the core, and the pos- 
sibility of varying batter/core ratio independent of batter 
viscosity. This greatly facilitates studying the effect of 
ingredient and processing variations on the resulting 
snacks with a moist interior and dry crust. In the study 
addition of different percentage of chitosan and white 
gg to the batter formulations was examined during deep  e  
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Table 2. Average values color and hardness of fried at different processing conditions. 

Frying  
time (s) 

Chitosan  
(%) 

Egg white  
(%) 

b* a* L* Color (ΔE) Hardness (N) 

60 0 0 38.467 ± 1.773BC 2.565 ± 0.190E 49.306 ± 0.318D 5.079 ± 0.905F 3.655 ± 0.627DE

60 0 5 39.258 ± 0.172B 3.184 ± 0.709E 58.933 ± 1.193B 14.246 ± 1.400DE 6.336 ± 1.113CD

60 0 10 39.479 ± 2.682B 6.535 ± 2.019CD 63.730 ± 2.076A 16.695 ± 0.959BCD 1.538 ± 0.010E 

60 0.5 0 40.866 ± 0.988AB 6.004 ± 2.411CD 54.054 ± 2.784C 18.682 ± 0.605ABC 6.340 ± 1.999CD

60 0.5 5 35.235 ± 0.326D 10.657 ± 2.890AB 34.682 ± 1.716E 19.436 ± 1.466AB 8.840 ± 0.715BC

60 0.5 10 35.832 ± 1.716CD 12.087 ± 0.803A 34.164 ± 2.301E 20.912 ± 0.980A 6.306 ± 2.298CD

60 1.5 0 42.503 ± 1.499A 8.181 ± 1.935BC 59.419 ± 0.350B 15.985 ± 0.974CD 21.518 ± 0.481A

60 1.5 5 39.477 ± 0.425B 3.836 ± 1.066DE 55.657 ± 0.571C 17.386 ± 0.300BC 10.636 ± 0.187B

60 1.5 10 38.294 ± 2.534BC 4.063 ± 0.253DE 59.827 ± 0.147B 11.956 ± 1.041E 3.063 ± 1.054E 

120 0 0 32.560 ± 0.306C 6.117 ± 0.037D 47.403 ± 0.612CD 9.764 ± 0.236F 16.532 ± 1.725D

120 0 5 37.891 ± 3.972B 8.115 ± 1.882CD 50.572 ± 1.332B 16.880 ± 1.784DE 21.246 ± 7.252C

120 0 10 40.996 ± 0.686A 11.154 ± 0.229BC 56.857 ± 1.014A 19.808 ± 0.926BC 5.625 ± 1.343F 

120 0.5 0 41.254 ± 2.193A 9.712 ± 2.138A 48.957 ± 0.987BC 21.255 ± 1.876B 19.751 ± 0.079C

120 0.5 5 28.794 ± 0.195D 19.194 ± 0.743A 23.616 ± 0.196F 30.497 ± 0.335A 21.526 ± 0.651C

120 0.5 10 25.969 ± 1.273E 18.300 ± 1.018B 22.065 ± 1.640F 30.962 ± 1.872A 9.883 ± 0.240E 

120 1.5 0 38.869 ± 6.067AB 11.624 ± 0.292BC 55.267 ± 2.379A 18.667 ± 1.340BCD 36.871 ± 1.758A

120 1.5 5 36.756 ± 1.348B 10.418 ± 0.189CD 44.419 ± 1.157E 17.608 ± 1.556CDE 24.460 ± 3.239B

120 1.5 10 37.532 ± 1.232B 8.067 ± 2.867B 46.212 ± 2.663DE 15.214 ± 0.393E 14.945 ± 1.510D

180 0 0 25.031 ± 1.971E 12.072 ± 1.326CD 40.704 ± 2.939CD 16.904 ± 0.906E 31.502 ± 2.866C

180 0 5 28.419 ± 1.454D 14.155 ± 0.353BC 44.167 ± 0.723B 22.580 ± 1.083C 30.817 ± 0.845CD

180 0 10 31.260 ± 1.319BC 14.975 ± 0.172B 49.538 ± 0.011A 23.926 ± 1.735C 25.705 ± 3.969E

180 0.5 0 34.787 ± 0.861A 12.028 ± 1.366CD 43.242 ± 1.012BC 26.619 ± 1.397B 36.528 ± 0.451B

180 0.5 5 21.477 ± 1.789F 19.246 ± 0.236A 17.416 ± 1.574F 35.488 ± 1.359A 28.591 ± 3.670D

180 0.5 10 23.441 ± 3.738EF 17.940 ± 0.152A 19.335 ± 3.305F 33.176 ± 2.838A 13.842 ± 0.720G

180 1.5 0 29.460 ± 0.291CD 11.058 ± 0.234D 45.779 ± 3.967B 22.252 ± 0.847CD 49.563 ± 1.847A

180 1.5 5 35.126 ± 0.463A 10.933 ± 0.548D 37.441 ± 1.658E 19.842 ± 1.311D 32.812 ± 2.423C

180 1.5 10 32.979 ± 0.169AB 10.298 ± 0.730D 38.311 ± 1.190DE 15.724 ± 1.226E 19.521 ± 0.882F

 
fat frying of crusts model. White egg provided lighter 
colored samples with higher L* and lower a* values in 
frying. It retained more moisture. Samples containing 
chitosan had the highest hardness. The result showed that 
batter formulation had a significant effect on moisture 
and fat content, color and hardness. 
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