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Abstract
In this research, the effects of frying time (0, 1.5, 3, 4.5 and 6 min) and different batter formulations were investigated on 
the quality of deep-fried crusts (DFCs) through a DFC model. Moisture and oil content, texture and color parameters of the 
crusts were determined. In order to determine the effects of the batter formulation, 10, 25 and 50 % w/w of wheat flour was 
replaced with lentil and chickpae flours. The Control batter formulation contained only wheat flour. Our results showed that 
batter formulations and frying time significantly (p < 0.01) affected the moisture and oil content, color parameters, acous-
tic properties and texture of DFCs. The increase in the concentration of lentil or chickpea flours from 10 to 50 % in batter 
formulation, led to an increase in a* and b* values as well as a decrease in moisture loss, oil uptake, L* value and textural 
properties. DFCs containing 50 % of the lentil flour showed the lowest oil content and the highest moisture content among 
all formulations. Samples containing 10 % of the lentil or chickpea flour had a higher hardness. Also, It has been indicated 
that as the frying time increased, the moisture content, L*and b*, decreased, while the oil content, a*, number and maximum 
of force and acoustic peaks, increased.

Keywords  Deep fried crust model (DFCM) · Batter · Lentil flour · Chickpea flour · Acoustic measurements

Introduction

In recent decades, the consuming fried and fast foods have 
increased significantly as a result of industrial life. Easy 
and rapid preparation, desirable sensory attributes includ-
ing good color, texture, aroma and flavor in fried foods, have 
resulted in more interests [25, 34, 49]. However, such foods 
contain high amount of fat. Excessive use of fat, especially 
saturated fats and trans fatty acids, is one of the important 
factors that increases heart diseases, weight gain and cancers 
[41, 49]. By increasing the awareness over the effect of die-
tary fat on health, tendency to production and consumption 
of low fat foods is increasing significantly. Therefore, Nowa-
days, the main challenge is to enhance the frying process 
by controlling and lowering the final fat of the fried foods.

One of the methods which is used for decreasing of oil 
absorption during frying process is to change the food for-
mulation and implement the methods such as coating with 
batter to trap water and form barrier films. Subsequently, 
this will reduce the moisture loss and subsequent oil absorp-
tion [2, 3, 12, 14, 35, 47]. The batter’s ingredients affect 
the properties including viscosity, moisture loss, oil absorp-
tion and final quality of coated foods [17, 36]. Dogan et al. 
(2005) reported that adding soy flour to the formulation of 
chicken nugget batter, decreases oil absorption [13]. Lee 
and Inglet (2006) reported that addition of barely flour to 
batter formulation increases its batter pick up and viscos-
ity, and leads to a significant decrease in moisture loss and 
oil absorption in fried products [19]. Dehghan-Nasiri et al. 
(2012) investigated the effect of adding soy flour (10 % of 
w/w) and corn flour (5 % of w/w) to batter formulation of 
fried shrimp batter. Results of this study indicated that soy 
flour significantly decreased the oil uptake of shrimp nug-
get. The batter containing 5 % of corn flour had the lowest 
amount of moisture and the highest fat absorption compared 
to other formulas [12].
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Addition of lentil and chickpea flour to batter formulation, 
as an important enriched plant resources protein (17–38 %), 
have a different effect on moisture loss and oil absorption. 
Also because of complementary amino acids, its combination 
with cereal increases the nutritional value [8]. Researchers 
have investigated the effects of adding soy, rice and corn flours 
on the rheological and quality properties (batter’s reolology, 
moisture and oil content, texture, color and porosity) of fried 
samples [12, 13, 47]. However, few studies have been carried 
out on evaluating the effect of different types of pulse flour on 
formulation of batter and quality parameters of fried products.

On the other hand, crust characteristics in fried prod-
ucts affect quality attributes and acceptance of the prod-
ucts. However, the oil in fried products usually tends to be 
absorbed in the crust pores [5, 29, 46, 49]. Different charac-
teristics of core (moisture, porosity and surface roughness) 
and different batter stickiness decreased the possibility of 
repeated production of fried product in the same conditions 
[5, 46]. To solve those problems, deep fried crust model 
(DFCM) system can be useful during frying, for quick mak-
ing of fried crust. Some of the advantages of this model 
include repeatable crust formation, easy removal of crust 
from core, using different cores and batters and economical 
considerations for sample preparation.

Crispness is a desirable textural attribute and an impor-
tant parameter for fried products [27, 40, 43]. One way to 
determine the changes in crispiness during fracture of crispy 
products is the simultaneous recording of the sound and 
fracture/mechanical events produced during the application 
of fracture force [32, 33, 44, 45, 48]. For this purpose, a 
microphone was attached to a Texture Analyser. Chaunier 
et al. (2005), Chen et al. (2005),Varela et al. (2006) and 
other researchers found a very good correlation between 
some recorded sound parameters, mechanical properties and 
the crispness of cornflakes, biscuits, potato chips and crust 
model, respectively [10, 11, 29, 32, 37]. Thus the sound 
emission technique has been used for determining textural 
properties in crispy product [15] and has been proposed to 
be a good approach to determine the crispness level [16, 
31, 33, 42].

Therefore, the purpose of this research is to study the 
effect of different batter formulation [replacing different lev-
els of lentil and chickpea flour (10, 25 and 50 %)] and frying 
time on the physicochemical characteristics (oil absorption, 
moisture loss, color parameters and texture) of fried crusts.

Materials and methods

Batter preparation

Wheat flour was purchased from local market in Mashhad, 
Iran. Lentil and chickpea flour were obtained from Shirvan 

Agricultural Research Center, Shirvan, Iran. The solid con-
tent of batter formulations contained wheat flour, salt, leav-
ening agents, and pepper as flavoring agent. To determine 
the effects of lentil and chickpea flour on the quality proper-
ties of simulated crispy deep-fried crusts, 10, 25 and 50 % 
w/w of wheat flour was replaced with lentil and chickpae 
flours. As a Control, a batter with wheat flour was used. The 
characteristics of the flour samples are presented in Table 1. 
The thoroughly pre-blended powders were mixed with cold 
water (15 °C) with a mixer (Moulinex, type BM4) for 2 min 
to ensure uniform mixing. The water/dry mix proportion was 
always 1.2:1 (w/w).

Crust model preparation

Deep-fried crusts were prepared using a model system [5, 
46]. Batters were deep-fried using a stainless steel device 
that holds two aluminum cups (64 mm diameter, 28 ml vol-
ume). 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 simul-
taneously. Each crust model was prepared by depositing first 
4 ml of batter on Teflon-coated gauze that was placed above 
a cup containing 5 g of silica gel. The presence of a core 
is essential to simulate the crust formation of a real prod-
uct. Water evaporation 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 while the moisture content was easily 
adjusted, and properties of the powder were highly reproduc-
ible [5]. Silica is inert, thus, apart from the moisture evapo-
rating, no other reactions are taking place during frying. The 
moisture content of the silica powder was set 80 % by storing 
the powder on a flat surface in a germinator (Altus 400- Iran, 
375 litet) to simulate the wet core characteristic of deep-fried 
battered nugget, in 22 °C for at least 2 days. Crust mod-
els were prepared by frying in refined sunflower oil (Nina, 
Iran) due to its high smoking point, in a thermostatically 
temperature controlled fryer (Black & Decker, Type 01) for 
1.5, 3, 4.5 and 6 s at 180 °C. Crusts were separated from the 
gauze. After frying, the crusts could be separated easily from 

Table 1   Chemical composition of wheat, lentil and chickpea flour 
used in the study

Wheat flour (%) Lentil flour (%) Chickpea flour 
(%)

Moisture con-
tent

11.24 ± 1.23 8.16 ± 1.85 7.26 ± 1.3

Protein 10.8 ± 1.45 34.21 ± 2.25 40.93 ± 1.05
Ash 1.27 ± 0.25 2.25 ± 0. 4 2.4 ± 0.3
Fat 3.35 ± 0.04 4.85 ± 0.06 7.25 ± 0.04
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the gauze for further analysis. All examinations of the crust 
models were carried out 30 min after frying.

Water and oil absorption capacity of flour

Water absorption capacity of flours was measured by the 
method of Kaur and Singh (2007) with minor modifications. 
The sample (1 g) was dispersed in 15 ml of distilled water 
and placed in preweighted centrifuge tubes. The dispersions 
were stirred after interval of 5 min, held for 30 min, fol-
lowed by centrifugation for 25 min at 4000 g. The superna-
tant was decanted, excess moisture was removed by draining 
for 25 min at 50 °C, and sample was reweighed [18]. For 
the determination of fat absorption the method of Sosulski 
(1987) was used. Samples (0.5 g) were mixed with 6 ml of 
corn oil in preweighed centrifuge tubes. The contents were 
stirred for 1 min with a thin brass wire to disperse the sample 
in the oil. After a holding period of 30 min, the tubes were 
centrifuged for 25 min at 4000×g. The separated oil was 
then removed with a pipette and the tubes were inverted for 
25 min to drain the oil prior to reweighing [39]. The water 
and oil absorption capacities were expressed as grams of 
water or oil bound per gram of the sample on a dry basis.

Moisture content analysis

Moisture content analysis was performed according to the 
procedure described in the AOAC (1984). The crust models 
were dried in a conventional oven (Memmert, 154 Beschick-
ung loading, model 100–800) at 105 °C for 24 h. The sam-
ples were cooled in desiccators and moisture contents were 
determined by difference in weight in terms of dry basis [7].

Oil content

Oil content determination was carried out by soxhlet extrac-
tion technique using AOAC (1990). 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 thimbles were cooled in a 
desicator and subsequently weighed. The oil contents were 
obtained in terms of dry basis [6].

Color

Color of crust models was measured using an image pro-
cessing technique [5]. The color parameters L* (lightness), 

a*(redness), b*(yellowness) values of the samples were 
obtained.

Texture and acoustic analyses

Crispness of the fried crusts was evaluated by studying 
the sound emitted during fracture by simulating a human 
bite. Texture of the crusts was measured 30 min after fry-
ing, using a texture analyzer (QTS25 CNS; Farnell, UK) 
interfaced with a personal computer, measuring the acoustic 
emission simultaneously with a penetration test. A Blade 
probe was attached to theinstrument for the penetration test. 
The test settings were: test speed 120 mm/min, trigger force 
10 g, travel distance of the probe 7 mm. The microphone 
was positioned at 3 cm distance and with an angle of 0° to 
the sample. The samples were placed on an Aluminiumplate 
with a hole (HDP/CFS Crisp Fracture Support Rig) to allow 
the probe (ball P/0.25 s) to pass through after punching the 
sample. Hardness was defined as the peak force for this 
penetration.The maximum sound peak (db) and number of 
peaks, obtained From the acoustic signals. Extensive analy-
sis of the soundwas performed using MatLab (Matworks 
7.5.0) as described by Castro-Prada and et al. (2007) [9].

Statistical analysis

Frying experiments were replicated three times under each 
experimental condition. Data obtained from analysis were 
assessed by analysis of variance (ANOVA) to determine the 
significant differences between the effects of frying time and 
batter formulation on quality parameters of the crust models 
using the statistical software program Minitab for Windows 
(Version 16) to find out which parameters are significant for 
the specified quality parameters. Duncan’s multiple compari-
son tests were applied to determine the difference among the 
means. The level of statistical significance was determined 
at 95 % probability. Besides, principal component analy-
sis (PCA) was done to correlate sensory and instrumental 
parameters. The relationship between the moisture and oil 
contents, and sound characteristics was studied using prin-
cipal component analysis (PCA) with the XLSTAT program 
(v 2009.4.03).

Results and discussion

Moisture content

ANOVA showed that the batter formulations, frying time 
and interaction between treatments had a significant effect 
(p < 0.05) on the moisture content of DFCMs (Table 2). 
The moisture content of DFCMs decreased by rising of the 
frying time with an initial rapid decrease in the 1.5 min of 
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frying and then slowly decreased due to the rapid moisture 
loss from the crust part and surface water loss in all samples 
(Fig. 1). Other researchers have reported similar results with 
different fried products [5, 12, 24].

The results indicated that addition of chickpea and len-
til flour decreased moisture loss of DFCM, which could 
be attributed to reduction of the amount of free moisture 
available for removal during frying. As demonstrated in 
Table 2, Duncanˈs multiple range test showed that addi-
tion of lentil and chickpea flour had a significant effect on 
the moisture content of DFCMs. The control batter lost the 
highest amount of water during frying, because wheat flour 
had less water-binding capacity compared to chickpea and 
lentil flour. Therefore, there was more free water available 
to facilitate the evaporation of water during deep fat frying 
and control crust lost the highest amount of water during fry-
ing. The highest moisture retention in each frying time was 
reported when 50 % lentil flour was replaced in the batter 

formulation, which might be due to its higher water binding 
capacity [13]. As shown in Table 3, water binding capacity 
(WBC) of lentil flour was higher than other flours. Accord-
ing to Ravi et al. (2009), WBC values were put in a range 
between 1.97 and 2.06 g/g for lentil flour [30]. WBC, some-
times also referred to as water absorption capacity (WAC), 
may be defined as the amount of water that can be absorbed 
per gram of protein material [8]. WBC/WAC measurements 
are important for food processing applications. Materials 
with low WBC/WAC may not be able to hold water effec-
tively. Also, high water retention in the kind of batter con-
taining lentil or chickpea flour could be due to the potential 
formation of intermolecular disulfide cross-links in lentil 
and chickpea proteins that would improve the water vapor 
barrier properties of flour-added batters.

Oil content

Oil content of DFCMs were significantly (p < 0.05) affected 
by formulation and frying time (Table 2). Finding can be 
attributed to the fact that oil uptake increases during frying. 
While the temperature of the interior food increases, mois-
ture travels from the substrate, through the coating, into the 
air as steam. It creates various potential problems: it can 
negatively affect the sample texture and eating quality, result 
in the lower yield of finished product, and change in the crust 
texture or affect its adhesion [38]. Several researches’ works 
deal with the relationship between moisture content and oil 
uptake, and most results claim that the higher initial mois-
ture content is, the higher fat uptake will be resulted [4, 21]. 
The addition of both lentil and chickpea flours to the batter 

Table 2   Successive mean 
squares from the analysis 
of variance of the moisture 
contents, oil contents, color 
parameters

A Batter formulation, B frying time (min), NS not significant
* p = 0.05, ** p = 0.01

Source DF Mean squares

Moisture con-
tent g/g (db)

Oil content g/g (db) L* b* a*

A 6 0.46** 0.003** 71.77** 172.84** 49.58**
B 4 4.08** 0.72** 804.73** 1308.88** 487.16**
A × B 24 0.015* 0.0005** 10.08 NS 9.15* 9.36**
Error 35 0.005 0.00008 5.352 0.815 2.059
Total 69

Fig. 1   Effects of lentil and chickpea at different concentrations on 
moisture content g/g (db) of DFCMs fried at 180 °C for 0, 1.5, 3, 4.5 
and 6  min  (Control untreated batter; L10 batter contain 10  % lentil 
flour; L25 batter contain 25  % lentil flour; L50 batter contain 50  % 
lentil flour; CH10 batter contain 10 % chickpea; CH25 batter contain 
25 % chickpea; CH50 batter contain 50 % chickpea)

Table 3   Water absorption capacity (WAC) and oil absorption capac-
ity of wheat, lentil and chickpea flour

(%) WAC​ FAC

Wheat flour 1.078 ± 0.23 0.726 ± 0.85
Lentil flour 1.993 ± 0.45 0.713 ± 0.25
Chickpea flour 1.587 ± 0.12 0.981 ± 0.94
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formulation reduced oil absorption significantly during fry-
ing in comparison with the control. The final fried control 
had less moisture contents (1.57–0.008 g/g) and higher oil 
contents (0.043–0.287 g/g) and the DFCMs containing 50 % 
lentil flour had higher moisture contents (1.542–0.273 g/g) 
and lower oil contents (0/068–0.215 g/g) which is related to 
higher protein content and higher water-binding capacity of 
lentil flour [12, 13].

Furthermore, it may be related to the formation of cova-
lent links during heating. The reduced oil uptake may also 
be related to thermal gelation and the film-forming ability 
of lentil protein. An increase in replacement percentage of 
lentil flour in the formulation from 0 to 50 % led to a rise 
of WBC factor. Since the moisture content is an important 
factor in determining of oil uptake during deep fat frying, 
the addition of lentil flour to the batter formulation reduced 
oil absorption significantly during frying compared to the 
control (Table 2). While an increase in replacement per-
centage from 0 to 50 % in chickpea flour caused higher oil 
uptake due to its high FAC factor of chickpea compared 
to the wheat flour (Table 3). Fat or oil absorption capacity 
(FAC, OAC), also sometimes referred to as fat or oil bind-
ing capacity (FBC, OBC), is calculated as the weight of oil 
absorbed per weight of protein powder or legume flour [8]. 
The results in this study agree with Kaur and Singh (2007) 
that reported OAC of 2.08–3.96 g/g for chickpea. OAC for 
the chickpea flour was significantly (p < 0.05) higher than 
those of the corresponding flour [18].

Texture and acoustic analyses

Texture of fried foods is important for the general consumer 
acceptability. The texture of the finished-product depends 
upon the ingredients, formulation (proper balance among 
ingredients), and processes such as batter mixing system, 
coating methods, and frying conditions [33]. Crispiness of 
the DFCMs was determined by measuring their fracture 
behavior and the associating sound emission. Examples of 
the texture measurements and sound emission of fried sam-
ples are shown in Fig. 2. In order to compare the behavior 
of different DFCMs, specific parameters extracted from the 
force and sound curves. This parameters were maximum 
peak (as index of the hardness), maximum sound peak and 
the number of total sound peaks (Table 4). When the force 
is applied to a crisp structure, it is stressed until a critical 
point is reached, starting to vibrate and generate the sound 
[28]. Results indicated that an increase in frying time pro-
duced an increase in the jaggedness of the force curves, as 
well as an increase in the number of sound events (Fig. 2). 
Both the increase in the number of high range force events 
and in the number and maximum of sound events reflect an 
increase in crispness [37]. Being in agreement with Moreira 
et al. (1995), it is also attributed to the moisture content 

decreased with frying time. They conducted a study over 
the effect of frying time on the textural properties of fried 
tortilla chips, and reported that two textural parameters, frac-
ture ability, increased over time to a certain frying time and 
then decreased during longer frying times [23].

In this study, there was a maximum peak of sound 
between 44.30 and 67.50 dB as shown in Table 4. Duncan’s 
multiple range test indicated that DFCMs containing 10 % 
of lentil or 10 % of chickpea flour had higher numbers of 
sound peak and force. Chen et al. (2005) reported that a 
high number of force and sound peaks have been associ-
ated with a high sensory crispness [11]. Moisture content 
was not significantly different and was 0.529 and 0.521 for 
L10 and CH10, respectively. The fracture pattern of samples 
containing 50 % lentil and 50 % chickpea showed only one 
drop in force and a smaller number of sound peaks, which, 
in turn, indicates the absence of crispy behavior. This find-
ing can be attributed to the fact that 50 % of lentil flour and 
50 % of chickpea flour contain a high level of protein and 
absorption oil which led to soft texture of the samples. In 
the less crisp samples, less total sound was produced. On the 
other hand, a louder sound and/or a greater density of sound 
occurrence seem to characterize the crisper samples [45]. 
There is no research on the crispiness properties of crust for-
mulated with lentil and chickpea flour, but other researches 
were carried out as follows: Mohamed et al. (1998) reported 
that crispiness was positively correlated with amylose con-
tent [22]. The addition of rice flour improved crispness, but 
resulted in increased oil absorption because of the porous 
nature of the fried product [1, 3]. Matsunaga et al. (2003) 
studied the influence of physicochemical properties of starch 
on crispness of tempura-fried batter. They found the crispi-
ness (favorable eating texture) of tempura coating depended 
largely on the starch [20].

Color

Color is a very important characteristic of deep-fat-fried 
foods. The color of fried products affects consumer purchas-
ing. The batter formulation and frying time had a highly 
significant influence (p < 0.05) on the color parameter of 
DFCMs (Table 2).

As demonstrate in Fig. 3, lightness L* of the DFCMs 
decreased with frying time. Composition has an important 
role in determining the extent of color development due to 
Maillard reactions. Therefore, protein and sugar sources are 
important to the final coating color. Different researches 
have demonstrated that the color of coating depends on 
cooking time and temperature, breading material composi-
tion, and cooking oil characteristics and composition [26].

The effect of lentil and chickpea flour on the color of 
DFCMs was examined in terms of L*, a* and b* values. 
As frying time increased in the all of formulation, the 
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Fig. 2   Force and sound curves of DFCMs at different frying time
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lightness (L*) of DFCMs decreased, while redness (a*) 
and yellowness (b*) increased significantly with frying 
time. The color of deep-fat fried chicken nuggets was 
studied by Dogan et al. (2005b) [14]. They found that as 
frying time increased, L* values decreased and a* value 
increased. DFCMs containing chickpea flour had higher 
L*, a* and b* values and the increasing substitution in 
the formulation from 0 to 50 % raised the color values. It 
could be related to the higher amount of protein in chick-
pea flour undergoing Maillard reactions. Chickpea flour 
was useful in respect of adding brown notes and adding 
flavor through caramelization. Also, when the replacement 
percentage of lentil flour in batter increased, the brownish 
color increased in the coated samples. These may be due 
to the browning reaction of polysaccharide with protein 
complex when it was heated at a high temperature [1, 26].

Correlation between chemical and instrumental 
parameters

To evaluate the correlation between the chemical and instru-
mental parameters used to characterize the DFCMs principal 
component analysis (PCA) was applied. The first two com-
ponents together explained 74.44 % of the variance (Fig. 4). 
The first one explained 55.22 % of the variance and showed 
a significantly positive correlation with the hardness, maxi-
mum and number of sound, L*, and a negative correlation 
with the moisture and oil content, a*, b*. The results of this 
work showed that the force peaks are correlated with the 
maximum and number of sound peaks. In general, a higher 
number of total force peaks are correlated [37].

These parameters were opposed to oil and moisture con-
tent. In other words, the samples with higher oil absorption 
or moisture content were less crisp. As the a* and b* values 

Table 4   Moisture content 
(g/g db), oil content (g/g db), 
maximum force peak as index 
ofthe hardness (g), number of 
sound peaks and maximum 
sound peak (dB) as affected by 
batter compositions after frying

Mean with different letter superscript in the same column are significantly different at p < 0.05
Control: untreated batter; L10: batter contain 10 % lentil flour; L25: batter contain 25 % lentil flour; L50: 
batter contain 50 % lentil flour; CH10: batter contain 10 % chickpea; CH25: batter contain 25 % chickpea; 
CH50: batter contain 50 % chickpea

Formulation Moisture 
content (g/g 
db)

Oil content (g/g db) Maximum force peak as 
index of the hardness (g)

Maximum 
sound peak 
(dB)

Number of 
sound peaks

Control 0.397c 0.203a 1384c 53.50c 51238c

L10 0.529b 0.182c 1933b 62.75ab 78449a

L25 0.595a 0.171d 1408c 57.50bc 66743b

L50 0.605a 0.161e 1354c 44.50d 47265cd

CH10 0.521b 0.166de 2152a 67.50a 86298a

CH25 0.520b 0.194b 1538c 55.50bc 66541b

CH50 0.518b 0.202ab 633d 44.75d 42061d

Fig. 3   Effects of lentil and 
chickpea at different concentra-
tions on color parameters of 
DFCMs fried at 180 °C for 0, 
1.5, 3, 4.5 and 6 min (Control 
untreated batter; L10 batter 
contain 10 % lentil flour; L25 
batter contain 25 % lentil flour; 
L50 batter contain 50 % lentil 
flour; CH10 batter contain 10 % 
chickpea; CH25 batter contain 
25 % chickpea; CH50 batter 
contain 50 % chickpea)
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increased, the color of samples got darker. The second com-
ponent explained 19.22 % of the variance and was signifi-
cantly positively correlated with the moisture content, L*, 
and negatively correlated with the oil content and sound 
parameters. It can be concluded that there is a linear and 
indirect relationship between water loss and oil uptake [2, 
24]. Moisture content prevents dehydration and inhibits the 
Maillard browning reaction, thus the colors remain lighter.

Conclusions

The major advantages of working with the DFCM are 
the better reproducibility of the crusts, the ease by which 
crusts can be separated from the core. In this study, addi-
tion of 10, 25 and 50 % of lentil and chickpea to the bat-
ter formulations was examined during deep fat frying of 
crusts. A summary of the findings showed that the samples 
containing 50 % lentil flour had the highest moisture con-
tent and the lowest oil absorption. Details of the force/
deformation and, simultaneously, sound recording during 
fracturing of DFCMs formed an effective instrumental tool 
to predict sensory crispness. In general, sensory crispness 
is positively correlated with the number and maximum 
of fracture and acoustic events. On the other hand, a low 
number of force and acoustic events are normally regarded 
as an index of low crispness; however, a careful obser-
vation and analysis of the fracture pattern is necessary. 
Duncanˈs multiple range test indicated that DFCMs con-
taining 10 % lentil or 10 % chickpea flour had a higher 

number of sound peaks and forces. The multiple analytical 
correlations, presented in this paper, indicate a positive 
correlation with the hardness, maximum and number of 
sounds, L*, and a negative correlation with the moisture 
and oil content, a*, b*. The study strongly supports the 
idea that crispness is a complex phenomenon of several 
combined parameters, including fracture characteristics, 
sound and geometry.
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