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a b s t r a c t

Wheat flour replacement by rice flour is a key strategy in gluten-free batter production. Rice flour needs
hydrocolloids to offset the development of the network of the mix. In this context, the aim of this work
was to analyze the influence of chitosan (0e1 g/100 g of batter) addition on the microstructural, rheo-
logical and thermal properties of wheat:rice flours batters (100:0; 70:30, 30:70 and 0:100 (g/g)). Results
showed that increasing replacement of wheat flour by rice one decreased the consistency (K) and the
yield stress (t0), and increased the flow behavior index (n) because of the absence or lower gluten
content. However, the addition of only 0.25 g/100 g chitosan to rice flour formulation (0:100 (g/g))
increased its viscosity (from 371 to 1006 mPa s), exhibiting a rheological behavior similar to wheat flour
formulation (100:0 (g/g) (1050 mPa s)). Chitosan enhanced consistency and structural agglomeration,
and the interaction among ingredients, especially in batters with high content of rice flour (30:70 and
0:100 (g/g)). Lastly, chitosan incorporation did not significantly modify thermal properties, excepting in
rice-flour batters (0:100 (g/g)), reducing Tm, DHm, and thus, increasing the bound water content (from 17
to 32 g/100 g).

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Batters are complex liquid systems composed mainly of flour
and water, in which the food product is dipped before frying.
Commonly, other ingredients such as starch, hydrocolloids, salt and
seasoning are incorporated to improve their functionality and
sensory properties. During frying, the uniform layer covering the
product generates a crispy crust as a result of a rapid loss of water.
This crust entails a barrier effect to further water loss and oil gain.
Minimizing the oil uptake is one of the key proposals to obtain
healthier fried-products. Despite wheat flour is the main solid
ingredient in batter formulations, rice flour has been lately incor-
porated because its addition enhances some properties of frying
batters. Proteins and starch from rice flour have the particularity to
be gluten-free and to retain less oil, resulting in a final product with
less calories as well as with lower acrylamide content compared
with wheat flour-based batter (Shih & Daigle, 1999; Shih, Bou�e,
Daigle, & Shih, 2004). However, rice flour batters form thin
sano).
slurries which require additives to develop adequate viscosity and
other desirable batter properties (Shih & Daigle, 1999). For this
reason, some authors considered advantageous the use of hydro-
colloids in batters (Albert & Mittal, 2002; García, Ferrero, B�ertola,
Martino, & Zaritzky, 2002; Garmakhany, Mirzaei, Nejad, &
Maghsudlo, 2008; Sahin, Sumnu, & Altunakar, 2005). Hydrocol-
loids are substances characterized by the capability to link water
increasing the viscosity of a solution. This property causes changes
in the coating pick-up and yield; and after cooking, hydrocolloids
affect freeze-thaw stability and improve mechanical resistance of
the crust, and thus, the final texture (Varela & Fiszman, 2011).
Additional benefits have been described related to the use of hy-
drocolloids. Zeng et al. (2010) reported a decrease of acrylamide
generation in model systems, crackers and fried potatoes when
pectin or alginic acid were used. Acrylamide is a potentially carci-
nogenic compound which is generated during frying or baking as a
consequence of Maillard reactions (Mottram, Wedzicha, & Dodson,
2002; Romani, Bacchiocca, Rocculi, & Dalla Rosa, 2009; Stadler
et al., 2002). Recently, Sansano, Castell�o, Heredia, and Andr�es
(2016) reported a reduction of 61 ± 7% in acrylamide formation
when 5 g/kg of chitosanwas added as an ingredient in fried batters.
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The mechanism of acrylamide reduction that authors proposed is
based on the richness of amino groups of chitosan, which compete
with asparagine amino groups to bind carbonyls (e.g. reducing
sugars) (Sansano, Castell�o, Heredia, & Andr�es, 2017; Sansano et al.,
2016).

However, there are no previous studies focused on the influence
of chitosan addition to rice flour batters on their microstructural,
rheological and thermal properties. Ansarifar, Shahidi, Mohebbi,
Razavi, and Ansarifar (2015) studied the flow behavior of wheat
flour batter formulations for chicken nuggets, and reported higher
viscosities of the batters related with chitosan content, due to its
high water binding capacity. Moreover, changes in the rheological
properties of a material reveal changes in its molecular structure.
Consequently, the rheological properties of a batter influence its
flow characteristics and are themselves influenced by structural
changes generated by the process or formulation (Xue & Ngadi,
2007a).

Since the type of flour used provides different rheological
characteristics, it is necessary to study how they affect these and
other properties. Interactions between components of batter for-
mulations and their influence during heating treatment determine
physical and chemical changes that can be analyzed by studying
thermal properties. Chitosan incorporation in batters and specif-
ically its interactions with the other components have not been
analyzed in terms of thermal properties.

In this context, the aim of this workwas to analyze the influence
of chitosan addition on the microstructural, rheological and ther-
mal properties of raw rice and wheat flours-based batters.

2. Materials and methods

2.1. Batter formulations

Battering formulations consisted in different combinations of
wheat and rice flours, 2.5 g/100 g of salt and 3.1 g/100 g of sodium
bicarbonate (dry weight basis) in a water-to-dry mix proportion of
1.2:1 (g/g). The rice and wheat flours were combined in the
following ratios (g/g) of wheat:rice flours: 100:0; 70:30, 30:70 and
0:100. The batter systemswere formulatedwith 0, 0.25, 0.5 and 1 g/
100 g chitosan, adding a 2 g/100 g of chitosan solution, made as
follows: 2 g of chitosan were dissolved in 198 g of 1 g/100 g acid
lactic solution and stirred at 40 �C during 24 h. Lactic acid andwater
were added to complete their final content (0.545 g/100 g and
54.54 g/100 gwet basis, respectively). Batters weremanually mixed
during 60 s to guarantee uniformity and were kept at room tem-
perature for 30 min before analyzing.

Flours were bought in the local market, and their composition
were: 77.4 g/100 g of carbohydrates, 0.5 g/100 g of fat and 7.1 g/
100 g of proteins for the rice flour and 75 g/100 g of carbohydrates,
1.2 g/100 g of fat and 9 g/100 g of proteins, for the wheat flour.
Particle size was analyzed with the Mastersizer 2000 (Malvern
Instruments, Herrenberg, Germany) coupled with the Scirocco
2000 module for dry measurement. Rice and wheat flours had
particle sizes d(0.5) lower than 178 and 88 mm and d(0.9) lower
than 310 and 191 mm, respectively. Chitosan (Poly (D-glucosamine)
*Deacetylated chitin), high molecular weight, was purchased from
Sigma-Aldrich (St. Louis, MO, USA), and lactic acid was from Pan-
reac (Barcelona, Spain). Chitosan molecular weight and deacetyla-
tion degree were analyzed in a previous work (Sansano et al.
(2017)) and resulted in 1460 KDa, and 64.8%, respectively.

2.2. Rheological measurements

Rheological properties were studied using a strain/stress control
rheometer MRC 102 (Physica/Anton Paar, GmbH, Graz; Austria)
equipped with a plate-plate (50 mm of diameter). The gap between
plates was fixed to 1 mm. The free surface of samples edges was
covered with a thin film of silicone oil.

Apparent viscosity (Pa$s) was measured in triplicate, at 20 �C as
a function of increasing shear rate (g) from 0 to 150 s�1 after 5 min
of stabilization time. The obtained flow curves were evaluated and
fitted according to the Herschel-Buckley model, as equation (1):

t ¼ t0 þ K,gn (1)

where t is the shear stress (Pa), t0 the yield stress (Pa), K the con-
sistency index (Pa$sn) and n the flow behavior index.

2.3. Microstructural analysis

The microstructure of samples was observed by using a light
microscope (Nikon, Shinjuku, Japan) at 10x of magnification, taking
ten micrographs for each sample. The magnification was chosen
after preliminary trials to obtain a wider field of view to see the
whole structure and the interaction between particles. One drop of
dispersion (previously diluted with hexane) was placed on a glass
side and covered with a cover slip carefully placed over the sample,
parallel to the plane of the slide and centered to ensure sample
thickness was uniform. Micrographs were captured using a digital
camera (Model 2.1 Rev 1; Polaroid Corporation, NY, USA). The ac-
quired images were subsequently elaborated using the software
Image Pro-plus 6.0 (Media Cybernetics Inc, Rockville, USA). Parti-
cles size were determined according with Glicerina, Balestra, Dalla
Rosa, and Romani (2013), by evaluating the Feret diameter, defined
as the distance between two tangent lines to the two opposite sides
of the particles (Allen,1997). An Euclidean DistanceMap (EDM)was
further generated in order to evaluate the distance between par-
ticles. The map indicates, for each pixel in the image (black points)
the shortest distance between them (Bayod, 2008, pp. 9e10;
Danielsson, 1980; Glicerina, Balestra, Dalla Rosa, & Romani, 2016).
The distance between black points (particles) was expressed as
grey values. On the other hand, the white points represented the
empty space. For this reason, applying an EDM to the original image
is possible to obtain information about the minimum distance be-
tween particles and about the amount and distribution of void
spaces (Krislock & Wolkowicz, 2012).

2.4. Thermal properties

Thermal properties of batter formulations were analyzed with
an Auto Q20 Differential Scanning Calorimeter (T.A. Instrument,
Hüllhorst, Germany). Glass transition temperature, temperature
and enthalpy of gelatinization and ice-melting were analyzed.
26 ± 1 mg of sample were placed in hermetic aluminum pans and
an empty pan was used as the reference.

The ramps were calibrated 10 �C/minwith indium, and then, the
thermal profile was performed as follows: from 15 �C to 120 �C at 10
�C/min (to obtain gelatinization temperature and enthalpy), and
cooling until �50 �C. It included an isotherm step during 3min and
then a heating to thawing, until 40 �C at 10 �C/min to obtain, the
glass transition temperature followed by melting temperature and
melting enthalpy. Non-freezable water content (UFW, g water/g
solids) was analyzed following the equation (2) (Laaksonen & Roos,
2000):

UFW ¼
wtot � DHmtot

DHmw

Ctot
(2)

where wtot is total amount of water (g), DHmtot is total heat of
melting of ice (J),DHmw is latent heat of melting ice (334 J/g) and Ctot
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is total amount of solids (g).
2.5. Statistical analysis

The influence of rice-wheat flours ratio and chitosan content on
microstructural, thermal and rheological properties of batter for-
mulations was analyzed using Statgraphics Centurion XVI (Stat-
Point Technologies, Inc., Warrenton, USA). Variance was evaluated
by a one-way analysis for microstructural and rheological proper-
ties, and a multifactorial analysis was carried out for thermal
properties, with a significance level of 95%.
3. Results and discussion

3.1. Effect of wheat-rice flours combinations and chitosan on flow
behavior of batters

Rheological parameters corresponding to all batter formulations
were obtained by fitting the curves to Herschel-Bulkley model
(Table 1). Samples made of rice flour (RF) with respectively 0.5 and
1 g/100 g of chitosan could not be analyzed because of their
excessive consistency and hardness. The incorporation of chitosan
above 0.25 g/100 g together with the particle size of rice flour
negatively limited the flow behavior of batters. Formulations
without chitosan exhibited significant differences in rheological
parameters depending on the type of flour. The presence of rice
flour in batters (RF, 70WF/30RF and 30WF/70RF) decreased con-
sistency (K) and the yield stress (t0) and increased the flow
behavior index (n). This fact is related to a decrease of gluten, which
contributed to water retention, as a consequence of wheat flour
replacement by rice flour (Dogan, Sahin, & Sumnu, 2005;
Mukprasirt, Herald, & Flores, 2000; Xue & Ngadi, 2006).

It is noteworthy that the formulation of rice flour (RF) without
chitosan showed a visible syneresis because of its inability to retain
water, due to its lack of gluten.

The incorporation of chitosan increased t0 values, K and
apparent viscosity and decreased n. This effect has been previously
reported for other hydrocolloids, whose presence favors an increase
of viscosity and consistency. Concretely, the addition of 2 g/kg of
xantham gum and 0.1 g/kg of methylcellulose significantly
increased the consistency index of rice batter formulations, due to a
higher amount of freewater available to encourage the hydration of
the hydrocolloid than wheat flour-based formulations (Xue &
Ngadi, 2007a). Other ingredients such as phosphorylated starch
Table 1
Rheological parameters: yield stress ( t0), the consistency index (K) and flow behavio
formulated with different type of flour (rice and wheat flours) and chitosan amount. Mean
homogenous groups, in capital letters (A, B, C, D) as a function of wheat erice flour form

Formulation Chitosan content (g/100 g) t0 (Pa) K (Pa sn)

Wheat flour (WF) 0 1.6 ± 0.2 Da 1.8 ± 0.1
70WF/30RF 0 1.154 ± 0.009 Ca 1.380 ± 0
30WF/70RF 0 0.78 ± 0.02 Ba 1.0539 ±
Rice flour (RF) 0 0.030 ± 0.007 Aa 0.45 ± 0.0

Wheat flour (WF) 0.25 2.4 ± 0.1 Aa 2.47 ± 0.0
70WF/30RF 0.25 1.93 ± 0.03 Aa 2.205 ± 0
30WF/70RF 0.25 2.5 ± 0.9 Aa 2.0 ± 0.4
Rice flour (RF) 0.25 2.0 ± 0.4 Ab 1.9 ± 0.2

Wheat flour (WF) 0.5 6 ± 1Ab 5.0 ± 0.2
70WF/30RF 0.5 8 ± 4 Ab 5 ± 1 Ab

30WF/70RF 0.5 9 ± 2 Ab 5.1 ± 0.5

Wheat flour (WF) 1 15 ± 1 Ac 9.57 ± 0.0
70WF/30RF 1 13 ± 2 Ac 8.9 ± 0.7
30WF/70RF 1 35 ± 5 Bc 13 ± 2 Bc
or gelatinized rice flour have been used to increase poor thickening
properties of rice flour and reduce oil uptake (Shih & Daigle, 1999).
Baixauli, Sanz, Salvador, and Fiszman (2003) reported that 0.15 g/kg
dried egg addition also increased consistency and reduced flow
index of wheat flour-based batters at different temperatures, while
dextrin was not effective.

However, formulationmadewith rice flour (RF) and 0.25 g/100 g
chitosan showed similar rheological behavior towheat flourebased
formulations, in particular apparent viscosity values at 20 s�1 were
1050 and 1006 for samples without and with chitosan respectively.
The addition of 0.25 g/100 g chitosan greatly affected the flow
behavior of the different formulations tested. As shown in Fig. 1,
wheat flour (WF) and rice flour (RF) had very different flour
behavior. The addition of 0.25 g/100 g of chitosan increased shear
stress in both formulations; while rice flour (with 0.25/100 g of
chitosan) showed values close to wheat flour batter (WF) without
chitosan.

Regarding the rheological properties, it has been found that an
absence of glutenwas offset by the addition of 0.25 g/100 g chitosan
in rice flour batters. A similar viscosity would mean a similar pick-
up and stickiness of a batter formulation. These results can be used
as a new strategy to produce gluten-free batters based on rice flour.
3.2. Microstructural analysis of batters made with different wheat-
rice flours combinations and chitosan

In order to better explain rheological results, microstructural
analysis was also performed. The formulations related to the ex-
tremes of the experimental plan were analyzed to obtain the most
representative information on the interactions between different
percentage of rice and wheat flour with (1 g/100 g) or without
chitosan. Moreover, as previously mentioned, because of the high
consistency and hardness, it was not possible to perform rheolog-
ical analysis on sample made with rice flour (RF) and 1 g/100 g of
chitosan, that was however characterized from a structural point of
view. In Fig. 2 (A, B, C, D) the micrographs of the different batter
samples are shown.

In formulation without chitosan, a reduction in the structure
aggregation was observed as wheat flour was replaced by rice one.
The decrease in wheat amount parallel to the increase in rice flour
involves a reduction in the contact point between particles and an
increase of void spaces between particles and aggregates. This ef-
fect is attributed, as reported in the rheological section, to a
decrease of gluten presence that reduce the batter's water holding
r index (n) obtained from HerscheleBulkley model depending on batter samples
values (n¼ 3) and standard deviation. Different letters indicate differences between
ulation, and small letters as function of chitosan content (a, b, c, d).

n R2 Apparent viscosity 20s�1 (mPa$s)

Da 0.796 ± 0.001 Ac 0.9994 1050 ± 5 Da

.003 Ca 0.783 ± 0.004 Ab 0.9996 776 ± 9 Ca

0.0004 Ba 0.790 ± 0.005 Ac 0.9995 596 ± 9 Ba

5 Aa 0.93 ± 0.02 Bb 0.9998 371 ± 20 Aa

5 Bb 0.792 ± 0.002 Ac 0.9988 1476 ± 40 Cb

.004 ABa 0.78 ± 0.01 Ab 0.9993 1296 ± 46 Ba

Aa 0.75 ± 0.04 Abc 0.9997 1081 ± 131 Ab

Ab 0.75 ± 0.02 Aa 0.9994 1006 ± 61 Ab

Ac 0.75 ± 0.01 Ab 0.9995 2704 ± 55 Ac

0.73 ± 0.04 Aa 0.9985 2727 ± 303 Ab

Ab 0.70 ± 0.02 Aab 0.9987 2649 ± 186 Ac

4 Ad 0.725 ± 0.008 Ba 0.9988 5133 ± 47 Ad

Ac 0.73 ± 0.06 Ba 0.9990 4740 ± 215 Ab

0.69 ± 0.03 Aa 0.9850 7513 ± 90 Bd



Fig. 1. Flow behavior properties of the following batter samples: (B) wheat flour (WF) and (D) rice flour (RF) without chitosan; and formulations: (C) WF; (�) 70WF/30RF; (,)
30WF/70RF; and (:) RF with 0.25 g/100 g of chitosan.

Fig. 2. Micrographs of different batter formulations without chitosan, acquired at 10x of magnification. Samples A, B, C, D correspond to formulations respectively made of: wheat
flour (WF); 70WF/30RF; 30WF/70RF and rice flour (RF). Samples A1, B1, C1, D1 represent respectively the same formulations elaborated with an Euclidean Distance Map.
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capacity, and thus the network formation (Lai, 2002). As known by
literature in fact gluten proteins absorb water twice its ownweight
and tend to hold it through complex chemical bonds, that give arise
to a more aggregate structure (Sozer, 2009). Even though rice flour
has low capacity of absorbing water, it is one of the most suitable
cereal flour used in gluten-free products, because it is natural, hy-
poallergenic, colourless and with bland taste (Ronda, Villanueva, &
Collar, 2014).

In order to better highlight the state of aggregation of the batter
matrices, Euclidean distance maps (EDM) were obtained (Fig. 2: A1,
B1, C1, D1). By using an EDM it was possible to highlight the dis-
tribution of particles (black areas) and void spaces (white areas),
and to evaluate the minimum distance between particles and
therefore, their state of aggregation related to their interactions
(Glicerina et al., 2016). In Table 2, the particle Feret diameters and
theminimum distance between particles of the batter formulations
with and without chitosan are reported. It is possible to notice that
wheat (WF) and 70WF/30RF samples have greater particles size
compared to 30WF/70RF and rice (RF) did with higher amount of
rice flours. However, despite as expected from literature, (Afoakwa,
Paterson, Fowler, & Vieira, 2009; Prasad et al., 2003), the minimum
distance between particles increased as he particle size decreased.
These results confirm rheological ones. In fact, samples character-
ized by a less aggregate structure and more distance between



Table 2
Particles size (Feret diameter) and minimum distance between particles of different batters with 1 g/100 g and without chitosan, corresponding to formulations of wheat flour
(WF), rice flour (RF) and their combinations, 70WF/30RF and 30WF/70RF. Mean values (n ¼ 3) and standard deviation in the same column followed by different letters differ
significantly at a p < 0.05 level.

Formulation Chitosan content (g/100 g) Feret diameter
(mm)

Minimum distance between particles
(mm)

Wheat flour (WF) 0 39 ± 3d 12 ± 1d

70WF/30RF 31 ± 2c 17 ± 1c

30WF/70RF 20 ± 2b 28 ± 2b

Rice flour (RF) 9.1 ± 0.6a 37 ± 3a

Wheat flour (WF) 1 36 ± 2c 10.1 ± 0.1c

70WF/30RF 32 ± 2c 11 ± 2c

30WF/70RF 17 ± 2b 5 ± 3b

Rice flour (RF) 8.0 ± 0.5a 1.98 ± 0.07a
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particles (30WF/70RF and RF) had a lower consistence index (K)
and yield values (t0) compared toWFand 70WF/30RF samples. This
means that the amount of energy needed to allow the sample to
start flowing was lower in the two former samples. In Fig. 3 (E, F, G,
H) are shown the micrographs of the different batter formulations
with of 1 g/100 g of chitosan and the same pictures elaborated by
using EDM (E1, F1, G1, H1). Adding 1 g/100 g of chitosan in the
batter formulations it was highlighted an increase in the structure
aggregation from sample E to H. As shown in batter mixtures made
up without chitosan, a reduction in particle size was noticed as the
rice flour amount increased (Table 2). However, the presence of
chitosan induced a reduction in particle size proportional to a
decrease in the distance between them. An increase in the contact
point between particles was observed from sample E (WF) to H
(RF), and the presence of high agglomeration areas was highlighted
as rice amount increased (Fig. 3). As known by literature, hydro-
colloids, such as chitosan, are hydrophilic compounds, that can
dramatically increase the viscosity of products in which are pre-
sents, due to their interactions with the water molecules through
Fig. 3. Micrographs of different batter formulations with 1 g/100 g of chitosan, acquired at
flour (WF); 70WF/30RF; 30WF/70RF and rice flour (RF), respectively. Samples E1, F1, G1, H1
map.
hydrogen e bonding (Kapoor, Khandal, Seshadri, Aggarwal, &
Kumar Khandal, 2013). At sufficiently high concentrations, the hy-
drocolloids become entangled with each other, forming loose net-
works that change the flow properties of the solution (Cassiday,
2012). For these reasons, the structure of samples with 1 g/100 g
chitosan were more aggregate than in batter mixtures without this
compound. Moreover, hydrocolloids such as pectin, guar gum,
arabic gum, galactomannans, methylcellulose, etc, are frequently
used in gluten free baked product in order to form structural
equivalent of gluten network inwheat dough (Sanchez, Osella,& de
la Torre, 2002; Ahlborn, Pike, Hendrix, Hess, & Huber, 2005;
McCarthy, Gallagher, Gormley, Schober, & Arendt, 2005). Many
characteristics of gluten-free bread depend on the amount and type
of non-starch hydrocolloids used as gluten replacers (Eidam,
Kulicke, Kuhn, & Stute, 1995; Funami et al., 2005). For this reason,
one of the goals for researchers is to evaluate the optimum pro-
portion of hydrocolloids in gluten-free bread production. As
demonstrated here from the rheological and microstructural ob-
tained results, the addition of 1 g/100 g of chitosan to the different
10x of magnification. Samples E, F, G and H correspond to formulations made of wheat
represented respectively the same formulations elaborated with an Euclidean distance
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batter formulations give arise to a product with high yield stress
values and aggregation state, that become limiting factors, espe-
cially in the case of rice flour (RF). The presence or the addition of
protein in rice flour coupled to the hydrocolloids (in right pro-
portions) give arise to more compact structures compared towheat
flour matrices with high moisture content (Nammakuna, Barringer,
& Ratanatriwong, 2015). However, the difference in the micro-
structural characteristics and aggregation state, observed between
batters made with the same chitosan amount can be attributed to
the different amount of gluten in samples (higher inWF and 70WF/
30RF). Gluten, in fact, competing with hydrocolloids for water ab-
sorption, could retain a part of water that cannot be bound by
chitosan. In the mixtures RF and 30WF/70RF, instead, the low
amount or the absence of gluten, make available water for chitosan,
creating intra or inter ehydrogen bonding, give arise to very
aggregate structures (Fig. 3 E, F, E1,F1) (Xue & Ngadi, 2007b).
3.3. Effect of wheat-rice flours combinations and chitosan on
thermal properties of batters

In Table 3 the different parameters related to the starch gelati-
nization of the studied wheat-rice-chitosan flours mixtures are
reported: the peak temperature (Tp) ranging from 70.25 to 83.4 �C,
the onset temperature (To) from 62.5 to 74.5 �C and the corre-
sponding enthalpy (AHG) varied from 3.8 to 6.2 J/g. Control samples
(without chitosan) with rice as main flour (30WF/70RF and RF)
exhibited the highest gelatinization temperatures (Tp and To) and
enthalpy values. The reduction of gluten presence in the formula-
tions based in rice flour, increases the amount of available water
able to interact with starch (Wang, Choi, & Kerr, 2004). Xue and
Ngadi (2007b) reported similar results in batter systems formu-
latedwith different blends of wheat and rice flours and also, in corn
and wheat flour mixtures. Chitosan incorporation to blends did not
significantly modify either gelatinization temperatures (Tp and To)
or enthalpy (DHG). Chitosan presence, however, contributed to
homogenate the onset temperature in formulations with wheat
flour as main ingredient (WF and 70WF/30RF). Chitosanmight have
contributed to a better transfer and control of water in the gluten
net, managing the starch hydration process. Furthermore, the
incorporation of 1 g/100 g of chitosan to rice flour (RF) notably
reduced the To. In RFwithout chitosan, a visible syneresis took place
Table 3
Mean values (n ¼ 3) and standard deviation of gelatinization peak temperature (Tp), onse
(WF), rice flour (RF) and their combinations, 70WF/30RF and 30WF/70RF; with 0 (control)
letter (Multifactor ANOVA).

Formulation Chitosan content
(g/100 g)

Gelatinization tem
Tp (�C)

Wheat flour (WF) 0 70.3 ± 0.2 b

70WF/30RF 71.0 ± 0.4 b

30WF/70RF 78 ± 2 a

Rice flour (RF) 81.4 ± 0.2 a

Wheat flour (WF) 0.25 70.33 ± 0.06 b

70WF/30RF 70.9 ± 0.3 b

30WF/70RF 76 ± 1 a

Rice flour (RF) 82.9 ± 0.5 a

Wheat flour (WF) 0.5 70.6 ± 0.5 b

70WF/30RF 70.8 ± 0.3 b
30WF/70RF 78 ± 1 a

Rice flour (RF) 83.4 ± 0.5 a

Wheat flour (WF) 1 71.1 ± 0.6 b

70WF/30RF 70.8 ± 0.2 b

30WF/70RF 79 ± 1 a

Rice flour (RF) 78 ± 2 a
due to the lack of interaction betweenwater and rice flour; while RF
made with 1 g/100 g of chitosan was more stable and phase-
separation did not occur, evidencing how chitosan addition facili-
tates starch hydration. However, other hydrocolloids such as
hydroxypropyl methylcellulose (HPMC), pectin, alginate, guar and
xanthan gum, added in similar concentrations (1 g/100 g) to wheat
flour batters increased To and decreased gelatinization enthalpy
(DHG). Apparently, the strong interaction between hydrocolloids
and starch induces a stable structure that requires higher temper-
atures to start starch gelatinization (Rojas, Rosell, & Benedito de
Barber, 1999).

Glass transition temperature (Tg') was analyzed during thawing
step, appearing close to water melting endothermic transition
(Table 4). Obtained results showed that wheat-flour replacement of
by rice-flour, with the consequent gluten reduction, increased the
Tg' of the batters due to an increase of available water compared to
wheat-flour batters (WF). Furthermore, rice-starch granule size is
smaller than the wheat-starch granule size, contributing negatively
to water retention (Xue & Ngadi, 2007b). However, water retention
in batters seemed to increase when chitosan was added to the
formulations, being this effect more noticeable in rice flour batters
(RF) with an increase of Tg’ from �12.42 to �10.66 �C.

Data related to melting transition are reported in Table 5.
Melting temperature (Tm) was, in general, non-dependent on the
type of flour or chitosan percentage in the batter. The influence of
chitosan presence onmelting enthalpy (DHm), melting temperature
(Tm), and thus non-freezable water content, was only noticeable in
rice-flour batters (RF). The incorporation of chitosan at 0.5 and 1 g/
100 g gradually decreased DHm, Tm, and increased the bound water
content. These results pointed out the relevance of the interactions
between chitosan andwater molecules when rice flour is present in
high quantity or is the only flour in batter formulations 30WF/70RF
and rice flour (RF), what increased non-freezable water content.
4. Conclusions

Gluten-free formulations based on rice flours present poor ad-
hesive properties, being a limitation for their use as batter coating.
The results of this study show that chitosan addition would
compensate the lack of adhesiveness and improve batter func-
tionality and performance. Concretely, the addition of 0.25 g/100 g
t temperature (To), and enthalpy (DHG) corresponding to formulations of wheat flour
, 0.25, 0.5 and 1 g/100 g of chitosan. Homogenous groups are represented by the same

perature To
(�C)

Gelatinization enthalpy
DHG (J/g)

62.6 ± 0.2 c 4.1 ± 0.2 b

62.7 ± 0.2 c 4.9 ± 0.1 b

67 ± 1 b 6.1 ± 0.8 a

74.5 ± 0.5 a 5.4 ± 0.7 a

62.5 ± 0.2 c 4.2 ± 0.5 b

62.75 ± 0.05 c 4.77 ± 0.09 b

63.6 ± 0.5 c 5.14 ± 0.01 a

74.1 ± 0.5 a 4.4 ± 0.5 a

62.5 ± 0.4 c 4.2 ± 0.1 b

62.7 ± 0.3 c 4.6 ± 0.8 b

63.4 ± 0.2 c 5.7 ± 0.3 a

73.7 ± 0.7 a 6.1 ± 0.7 a

62.5 ± 0.3 c 4.1 ± 0.1 b

62.6 ± 0.1 c 3.8 ± 0.6 b

64.0 ± 0.8 c 6 ± 1 a

65.7 ± 0.3 bc 6.2 ± 0.2 a



Table 4
Glass transition temperature (Tg’) (mean n ¼ 3, and standard deviation) corresponding to formulations of wheat flour (WF), rice flour (RF) and
their combinations, 70WF/30RF and 30WF/70RF;with 0 (control), 0.25, 0.5 and 1 g/100 g of chitosan. Homogenous groups are represented by the
same letter (Multifactor ANOVA).

Formulation Chitosan content (g/100 g) Glass transition temperature, Tg’ (�C)

Wheat flour (WF) 0 �12.24 ± 0.02 cd

70WF/30RF 0 �12.4 ± 0.1 d

30WF/70RF 0 �11.70 ± 0.09 bc

Rice flour (RF) 0 �12.4 ± 0.1 d

Wheat flour (WF) 0.25 �12.4 ± 0.1 d

70WF/30RF 0.25 �12.1 ± 0.2 cd

30WF/70RF 0.25 �11.93 ± 0.06 c

Rice flour (RF) 0.25 �11.5 ± 0.2 b

Wheat flour (WF) 0.5 �12.2 ± 0.1 cd

70WF/30RF 0.5 �11.98 ± 0.08 cd

30WF/70RF 0.5 �11.76 ± 0.07 bc

Rice flour (RF) 0.5 �11.0 ± 0.1 a

Wheat flour (WF) 1 �11.85 ± 0.06 c

70WF/30RF 1 �11.99 ± 0.05 cd

30WF/70RF 1 �11.7 ± 0.1 bc

Rice flour (RF) 1 �10.7 ± 0.1 a

Table 5
Mean values (n ¼ 3) and standard deviation of melting temperature (Tm) and enthalpy (DHm), and non-freezable water content corresponding to formulations of wheat flour
(WF), rice flour (RF) and their combinations, 70WF/30RF and 30WF/70RF; with 0 (control), 0.25, 0.5 and 1 g/100 g of chitosan. Homogenous groups are represented by the same
letter (Multifactor ANOVA).

Formulation Chitosan content
(g/100 g)

Melting enthalpy
DHm (J/g)

Melting
temperature
Tm (�C)

Non freezable water (g water/100 g solid)

Wheat flour (WF) 0 143 ± 3 b 1.4 ± 0.3 a 24 ± 2 b

70WF/30RF 142 ± 3 b 1.5 ± 0.5 a 25 ± 2 b

30WF/70RF 141 ± 1 b 0.9 ± 0.3 b 25.9 ± 0.7 b

Rice flour (RF) 154 ± 11 a 1.4 ± 0.4 a 17 ± 4 c

Wheat flour (WF) 0.25 144 ± 7 b 1.2 ± 0.2 b 24 ± 4 b

70WF/30RF 144 ± 1 b 1.1 ± 0.3 b 23.5 ± 0.7 b

30WF/70RF 141.8 ± 0.5 b 1.0 ± 0.1 b 25.1 ± 0.3 b

Rice flour (RF) 143.0 ± 0.1 b 1.1 ± 0.1 b 24.3 ± 0.1 b

Wheat flour (WF) 0.5 142.2 ± 0.6 b 1.03 ± 0.04 b 24.8 ± 0.4 b

70WF/30RF 140.9 ± 0.6 b 0.9 ± 0.3 b 25.7 ± 0.4 b

30WF/70RF 141 ± 3 b 1.0 ± 0.1 b 26 ± 2 b

Rice flour (RF) 125 ± 2 c 0.6 ± 0.1 c 33 ± 1 a

Wheat flour (WF) 1 140 ± 4 b 1.5 ± 0.3 a 26 ± 2 b

70WF/30RF 145 ± 3 b 1.1 ± 0.1 b 23 ± 2 b

30WF/70RF 128.9 ± 0.2 c 1.2 ± 0.5 b 33.5 ± 0.1 a

Rice flour (RF) 131 ± 3 c 1.3 ± 0.4 b 32 ± 2 a
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of chitosan to rice-flour formulation enhanced its viscosity and
consistency. From a microstructural point of view, a reduction in
structure aggregation occur when wheat flour is replaced by rice-
flour in battering formulation. Newly, chitosan addition is pre-
sented as an effective strategy to improve ingredient-interactions
in the matrix system.

Chitosan incorporation to blends does not significantly modify
either gelatinization temperatures (Tp and To) or enthalpy (DHG).
However, batters formulated with rice flour present higher Tg' than
those made of wheat flour (WF), thus, chitosan addition to rice
flour-batters would improve frozen stability.

The influence of chitosan presence in batters on melting
enthalpy (DHm), melting temperature (Tm), and thus non-freezable
water content, is only noticeable in rice-flour batters (RF), reducing
DHm, Tm, and increasing the bound water content.

Finally, the contribution of rice flours and chitosan to the quality
of related products, such as battered nuggets, as well as the func-
tionality of the modified batter in the final fried product should be
evaluated.
Acknowledgements

The authors want to acknowledge the financial support of Uni-
versitat Polit�ecnica de Val�encia for the scholarship to support
Mariola Sansano Tom�as’ PhD studies and the mobility grant to
University of Bologna (Italy).

References

Afoakwa, E. O., Paterson, A., Fowler, M., & Vieira, J. (2009). Microstructure and
mechanical properties related to particle size distribution and composition in
dark chocolate. International Journal of Food Science & Technology, 44(1),
111e119.

Ahlborn, G. J., Pike, O. A., Hendrix, S. B., Hess, W. M., & Huber, C. S. (2005). Sensory,
mechanical, and microscopic evaluation of staling in low-protein and gluten-
free breads. Cereal Chemistry Journal, 82(3), 328e335.

Albert, S., & Mittal, G. S. (2002). Comparative evaluation of edible coatings to reduce
fat uptake in a deep-fried cereal product. Food Research International, 35(5),
445e458.

Allen, T. (1997). Particle size analysis by image analysis. In T. Allen (Ed.), Particle size
measurement (pp. 142e207). London: Chapman and Hall.

Ansarifar, E., Shahidi, F., Mohebbi, M., Razavi, S. M., & Ansarifar, J. (2015). A new
technique to evaluate the effect of chitosan on properties of deep-fried Kurdish

http://refhub.elsevier.com/S0023-6438(17)30711-9/sref1
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref1
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref1
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref1
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref1
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref1
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref2
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref2
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref2
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref2
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref3
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref3
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref3
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref3
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref4
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref4
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref4
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref6
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref6


M. Sansano et al. / LWT - Food Science and Technology 87 (2018) 529e536536
cheese nuggets by TOPSIS. LWT - Food Science and Technology, 62(2), 1211e1219.
Baixauli, R., Sanz, T., Salvador, A., & Fiszman, S. M. (2003). Effect of the addition of

dextrin or dried egg on the rheological and textural properties of batters for
fried foods. Food Hydrocolloids, 17(3), 305e310.

Bayod, E. (2008). Microstructural and rheological properties of concentrated tomato
suspensions during processing. Sweden: Division of Food Engineering, Depart-
ment of Food Technology, Engineering and Nutrition, Lund University. Doctoral
Thesis.

Cassiday, L. (2012). Hydrocolloids get personal. Inform, 23(6), 349e352.
Danielsson, P.-E. (1980). Euclidean distance mapping. Computer Graphics and Image

Processing, 14(3), 227e248.
Dogan, S., Sahin, S., & Sumnu, G. (2005). Effects of soy and rice flour addition on

batter rheology and quality of deep-fat fried chicken nuggets. Journal of Food
Engineering, 71(1), 127e132.

Eidam, D., Kulicke, W., Kuhn, K., & Stute, R. (1995). Formation of maize starch gels
selectively regulated by the addition of hydrocolloids. Starch-St€arke, 47(10),
378e384.

Funami, T., Kataoka, Y., Omoto, T., Goto, Y., Asai, I., & Nishinari, K. (2005). Effects of
non-ionic polysaccharides on the gelatinization and retrogradation behavior of
wheat starch*. Food Hydrocolloids, 19(1), 1e13.

García, M. A., Ferrero, C., B�ertola, N., Martino, M., & Zaritzky, N. (2002). Edible
coatings from cellulose derivatives to reduce oil uptake in fried products.
Innovative Food Science & Emerging Technologies, 3(4), 391e397.

Garmakhany, A. D., Mirzaei, H. O., Nejad, M. K., & Maghsudlo, Y. (2008). Study of oil
uptake and some quality attributes of potato chips affected by hydrocolloids.
European Journal of Lipid Science and Technology, 110(11), 1045e1049.

Glicerina, V., Balestra, F., Dalla Rosa, M., & Romani, S. (2013). Rheological, textural
and calorimetric modifications of dark chocolate during process. Journal of Food
Engineering, 119(1), 173e179.

Glicerina, V., Balestra, F., Dalla Rosa, M., & Romani, S. (2016). Microstructural and
rheological characteristics of dark, milk and white chocolate: A comparative
study. Journal of Food Engineering, 169, 165e171.

Kapoor, M., Khandal, R. K., Seshadri, G., Aggarwal, S., & Kumar Khandal, R. (2013).
Novel hydrocolloids: Preparation and applicationsea review. International
Journal of Recent Research and Applied Studies, 16(3), 432e482.

Krislock, N., & Wolkowicz, H. (2012). Euclidean distance matrices and applications.
In M. Anjos, & J. Lasserre (Eds.), Handbook on semidefinite, conic and polynomial
optimization, volume 166 of international series in operations research & man-
agement science (pp. 879e914). Berlin: Springer.

Laaksonen, T. J., & Roos, Y. H. (2000). Thermal, dynamic-mechanical, and dielectric
analysis of phase and state transitions of frozen wheat doughs. Journal of Cereal
Science, 32(3), 281e292.

Lai, H. (2002). Effects of rice properties and emulsifiers on the quality of rice pasta.
Journal of the Science of Food and Agriculture, 82(2), 203e216.

McCarthy, D. F., Gallagher, E., Gormley, T. R., Schober, T. J., & Arendt, E. K. (2005).
Application of response surface methodology in the development of gluten-free
bread. Cereal Chemistry, 82(5), 609e615.

Mottram, D. S., Wedzicha, B. L., & Dodson, A. T. (2002). Acrylamide is formed in the
Maillard reaction. Nature, 419(6906), 448e449.

Mukprasirt, A., Herald, T. J., & Flores, R. A. (2000). Rheological characterization of
rice flour-based batters. Journal of Food Science, 65(7), 1194e1199.

Nammakuna, N., Barringer, S. A., & Ratanatriwong, P. (2015). The effects of protein
isolates and hydrocolloids complexes on dough rheology, physicochemical
properties and qualities of gluten-free crackers. Food Science & Nutrition, 4(2),
143e155.

Prasad, V., Trappe, V., Dinsmore, A. D., Segre, P. N., Cipelletti, L., & Weitz, D. A.
(2003). Rideal Lecture Universal features of the fluid to solid transition for
attractive colloidal particles. Faraday Discussions, 123(1), 1e12.

Rojas, J. A., Rosell, C. M., & Benedito de Barber, C. (1999). Pasting properties of
different wheat flour-hydrocolloid systems. Food Hydrocolloids, 13(1), 27e33.

Romani, S., Bacchiocca, M., Rocculi, P., & Dalla Rosa, M. (2009). Influence of frying
conditions on acrylamide content and other quality characteristics of French
fries. Journal of Food Composition and Analysis, 22(6), 582e588.

Ronda, F., Villanueva, M., & Collar, C. (2014). Influence of acidification on dough
viscoelasticity of gluten-free rice starch-based dough matrices enriched with
exogenous protein. LWT-Food Science and Technology, 59(1), 12e20.

Sahin, S., Sumnu, G., & Altunakar, B. (2005). Effects of batters containing different
gum types on the quality of deep-fat fried chicken nuggets. Journal of the Sci-
ence of Food and Agriculture, 85(14), 2375e2379.

Sanchez, H. D., Osella, C. A., & de la Torre, M. A. (2002). Optimization of gluten-free
bread prepared from cornstarch, rice flour, and cassava starch. Journal of Food
Science, 67(1), 416e419.

Sansano, M., Castell�o, M. L., Heredia, A., & Andr�es, A. (2016). Protective effect of
chitosan on acrylamide formation in model and batter systems. Food Hydro-
colloids, 60(1), 1e6.

Sansano, M., Castell�o, M. L., Heredia, A., & Andr�es, A. (2017). Acrylamide formation
and quality properties of chitosan based batter formulations. Food Hydrocol-
loids, 66(1), 1e7.

Shih, F. F., Bou�e, S. M., Daigle, K. W., & Shih, B. Y. (2004). Effects of flour sources on
acrylamide formation and oil uptake in fried batters. Journal of the American Oil
Chemists’ Society, 81(3), 265e268.

Shih, & Daigle, K. (1999). Oil uptake properties of fried batters from rice flour.
Journal of Agricultural and Food Chemistry, 47(4), 1611e1615.

Sozer, N. (2009). Rheological properties of rice pasta dough supplemented with
proteins and gums. Food Hydrocolloids, 23(3), 849e855.

Stadler, R. H., Blank, I., Varga, N., Robert, F., Hau, J., Guy, P. A., et al. (2002). Acryl-
amide from Maillard reaction products. Nature, 419(6906), 449e450.

Varela, P., & Fiszman, S. M. (2011). Hydrocolloids in fried foods. A review. Food
Hydrocolloids, 25(8), 1801e1812.

Wang, X., Choi, S.-G., & Kerr, W. L. (2004). Water dynamics in white bread and starch
gels as affected by water and gluten content. LWT - Food Science and Technology,
37(3), 377e384.

Xue, J., & Ngadi, M. (2006). Rheological properties of batter systems formulated
using different flour combinations. Journal of Food Engineering, 77(2), 334e341.

Xue, J., & Ngadi, M. (2007a). Rheological properties of batter systems containing
different combinations of flours and hydrocolloids. Journal of the Science of Food
and Agriculture, 87(April), 1292e1300.

Xue, J., & Ngadi, M. (2007b). Thermal properties of batter systems formulated by
combinations of different flours. LWT - Food Science and Technology, 40(8),
1459e1465.

Zeng, X., Cheng, K.-W., Du, Y., Kong, R., Lo, C., Chu, I. K., et al. (2010). Activities of
hydrocolloids as inhibitors of acrylamide formation in model systems and fried
potato strips. Food Chemistry, 121(2), 424e428.

http://refhub.elsevier.com/S0023-6438(17)30711-9/sref6
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref6
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref7
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref7
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref7
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref7
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref8
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref8
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref8
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref8
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref9
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref9
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref10
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref10
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref10
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref11
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref11
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref11
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref11
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref12
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref12
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref12
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref12
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref12
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref13
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref13
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref13
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref13
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref13
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref14
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref14
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref14
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref14
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref14
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref14
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref15
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref15
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref15
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref15
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref16
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref16
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref16
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref16
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref17
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref17
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref17
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref17
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref18
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref18
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref18
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref18
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref18
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref19
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref19
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref19
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref19
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref19
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref19
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref20
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref20
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref20
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref20
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref21
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref21
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref21
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref22
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref22
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref22
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref22
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref23
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref23
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref23
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref24
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref24
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref24
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref25
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref25
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref25
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref25
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref25
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref25
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref26
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref26
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref26
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref26
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref27
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref27
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref27
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref28
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref28
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref28
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref28
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref29
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref29
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref29
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref29
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref30
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref30
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref30
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref30
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref31
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref31
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref31
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref31
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref32
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref32
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref32
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref32
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref32
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref32
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref33
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref33
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref33
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref33
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref33
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref33
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref34
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref34
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref34
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref34
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref34
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref35
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref35
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref35
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref36
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref36
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref36
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref37
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref37
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref37
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref38
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref38
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref38
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref39
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref39
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref39
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref39
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref40
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref40
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref40
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref41
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref41
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref41
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref41
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref42
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref42
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref42
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref42
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref43
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref43
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref43
http://refhub.elsevier.com/S0023-6438(17)30711-9/sref43

	Influence of chitosan on thermal, microstructural and rheological properties of rice and wheat flours-based batters
	1. Introduction
	2. Materials and methods
	2.1. Batter formulations
	2.2. Rheological measurements
	2.3. Microstructural analysis
	2.4. Thermal properties
	2.5. Statistical analysis

	3. Results and discussion
	3.1. Effect of wheat-rice flours combinations and chitosan on flow behavior of batters
	3.2. Microstructural analysis of batters made with different wheat-rice flours combinations and chitosan
	3.3. Effect of wheat-rice flours combinations and chitosan on thermal properties of batters

	4. Conclusions
	Acknowledgements
	References


