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ABSTRACT

The potential of chitosan to mitigate acrylamidernfation has been already
demonstrated. The two main objectives of this studye: 1) to select the most
adequate degree of deacetylation (DD) and moleoubéght (Mw) of chitosan based

on acrylamide mitigation criteria and 2) to evaéutite influence of including chitosan
in batter formulations on some important technalabparameters of raw batters (flow
behavior and water retention capacity) and on squadity properties of fried batters

(oil uptake, color and texture). Results in mosidtems showed that chitosans with
higher deacetylation degree (86.5 and 92.8%) aeHliesr decrease of acrylamide
between 44 and 81%, depending on reaction timepaoed to the control (without

chitosan). Furthermore, acid hydrolysis processhofosan was found to negatively
affect its inhibitory effect on acrylamide formationdependently of the molecular
weight. Raw chitosan based batter formulations gmesl higher consistency and
water retention capacity than the control; chitosaidition to batters reduced the
hardening of the fried samples during the postafyycooling period. No significant

differences in water loss were observed betweetensatvith or without added
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chitosan; however, chitosan-batter formulationsasttblower oil uptake during frying

as compared to control samples.

KEY WORDS: Acrylamide, chitosan, deacetylation degree, mobkcwkight, batters

1. INTRODUCTION

Consumers are becoming more health-conscious anshrae high quality food
products, binding the food industry to take meastoeprovide these needs. Healthier
fried products, with low-fat content and/or free amrylamide, could be examples of
this growing demand. Acrylamide is a probable icaxgenic for humans (Group 2A)
according to the IARC classification that could toemed in foods, especially in
starchy foods such as potatoes or cereals, submitteprocesses taken place at
temperatures above 120 °C, being an intermediagypt of Maillard reactions
(Mottram, Wedzicha, & Dodson, 2002; Stadler et 2002; Becalski et al., 2003). On
4 June 2015, European Food Security AdministraflelRSA) published its first full
risk assessment of acrylamide in food reconfirnihmg acrylamide in food potentially
increases the risk of developing cancer for conssmia all age groups.
FoodDrinkEurope consortium annually updates to Alseylamide Toolbox rapport
which recompiles different strategies from scieatiliterature addressed to Food
Industry policy-makers and consumers to inhibit the acrytlergeneration. Most of
these are addressed to reduce the acrylamide pogsufasparagine or reducing
sugars) in the food matrix and/or stablish mechmagigo avoid its generation
interfering in Maillard reactions (Medeiros Vind¥lestdagh, & De Meulenaer, 2012,
Morales, Capuano, & Fogliano, 2008). In the lastrgethe influence of hydrocolloids

in acrylamide formation has been tested in modal #med systems. Certain
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hydrocolloids (pectin and alginic acid) have dentaisd good potential to mitigate
up to 50% of acrylamide content in foods when they incorporated above of 5% in
crackers (Zeng et al.,, 2010). Recently, the capamitchitosan to limit acrylamide
generation has been proved in model and fried baftstems (Sansano, Castello,
Heredia, & Andrés, 2016; Chang, Sung, & Chen, 2008&ncretely, the addition of
small amounts of chitosan (~ 0.5%) to model systants batters reduces acrylamide
generation in 58+23 and 617 %, respectively. atton mechanism is based on the
free amino groups present in chitosan which are &blcompete with asparagine in
binding to the reducing sugars, which implies auotidn in acrylamide formation.
Chitosan is a polysaccharide obtained by deacaglabf chitin, an abundant
polysaccharide in nature. Chitosan has been foaha tiocompatible, biodegradable,
biofunctional, and has strong antimicrobial andifangal activities (Aider, 2010).
Some of the current applications of chitosan argetdaon its antioxidant character
(Darmadji & Izumimoto, 1994), antitumor (Tsukadaaét 1990), anti-cholesterolemic,
anti-ulcer and its antiuricemic properties, whichk eelated to the capacity of chitosan
to bind specifically fatty acids, bile acids, phbefipids and uric acid (Muzzarelli,
1996). It should be highlighted that those biolagjicoroperties of chitosan
(antimicrobial, antioxidant and anti-cholesterolejni mainly depend on its
deacetylation and polymerization degrees (Aranazalet 2009). Therefore, these
properties might affect its potential to reduceyknide formation as well. For this
reason, these properties should also be considerselect the specific chitosan to be
added as ingredient with this specific purpose. ififleence of deacetylation degree
(DD) and molecular weight (Mw) of chitosan on aeryide reduction needs to be
correlated. Chang et al., (2016) reported the efédécchitosan with low molecular

weight on acrylamide generation in model systemdicating a statistically significant
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capacity to reduce acrylamide formation of 50-19Dakchitosan compared to the
control, but there are no scientific papers pulklisiof the effect of deacetylation
degree of chitosan on acrylamide mitigation.

Batters are used as coatings for fried productl ssconion rings, tempura products
(vegetables, prawns...), battered squid rings,kelmicor fish nuggets, and they are
composed basically of flour, water, salt and leawgs It is well known that the
selection of batter ingredients determines the alisappearance, color, flavor,
crispiness, adhesion and therefore consumer acuep(bisia, Smith, & Steffe, 1992).
In this sense, the use of chitosan as ingrediepditer formulations with the main goal
of inhibits acrylamide could have an impact on eféint properties of raw and fried
batters as well.

For this reasons, the main objective of this stu@s to evaluate the influence of
deacetylation degree and molecular weight of chitas the acrylamide generation in
model systems in order to select the most appriepcizitosan to be included in batter
formulations. The influence of chitosan addition tve rheological parameters and
water retention capacity of raw batter, as weltras influence on water loss and oil
uptake during frying were also evaluated. Findliyyd samples were also compared in

terms of color and texture.

2. MATERIALS & METHODS

2.1. Reagents

Reducing sugars (glucose and fructose), asparagmi@san (Poly (D-glucosamine)
*Deacelyled chitin, high molecular weight) and aceinhydride were purchased from
Sigma-Aldrich Company (St. Louis, MO, USA). Aceticid, sodium hydroxide, lactic

acid, methanol were from Panreac (Barcelona, Sp&o)mic acid was purchased
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from VWR-Prolabo (Fontenay-sous-Bois, France). Bt@ndard of acrylamide>(
99%) was from Merck (Darmstadt, Germany) and therimal standard, 13C3-labelled
acrylamide (99%) from Cambridge Isotope LaboratorigAndover, MA). All
chemicals were analytical grade, except those udeedchromatographic analysis
(HPLC grade). The bidistilled water was obtainedabgurification process of water
(Milli-Q, Millipore Corp., Bedford, MA).

2.2 Acetylation and deacetylation of commercial chitosan

Commercial chitosan was used to obtain chitosah different deacetylation degree
(DD) by acetylation and deacetylation processe®tyation process was performed
according to Kiang, Wen, Lim, & Leong, (2004). Blye 15 g chitosan were dissolved
in a solution of 2% acetic acid (300 mL), distille@ter (400 mL) and methanol (800
mL), and stirred for 20 minutes. Then, 2 mL of acenhydride were added into the
solution and the mixture was stirred for 12 hodis.end the reaction, 1M NaOH was
added to the solution in order to precipitate th#osan, which was washed several
times until neutral pH with distilled water and efti under vacuum at 60°C.
Deacetylation was done according to Zhou et aDP82? with slight modifications:
chitosan (10 g) was dissolved in 100 mL of NaOHisoh (ratio of 1:2 (w/v)) for 30
minutes at 100°C, washed repeatedly with distileater and dried at 60°C. This
process was considered as a one cycle deacetylatiaess, and was applied one or
twice to obtain different DD.

The titration method described by Wang et al. (2008h minor modifications was
used to determine the deacetylation degree (DDthefchitosan obtained from the
above described process. 0.2 g of chitosan waslded in 20 mL of HCI 0.1 M

under stirring for 4 h. Measurements were performét a solution of NaOH 0.1 M
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by using a Metrohm's high-end titrator. The DD bitasan was calculated as follows
(equation 1):

__ AV -Cngonx 107316
M - 0.0994

DD

Q)

whereAV is NaOH volume of between two inflexion pointsya6+ is concentration of
NaOH solution, M is the mass of the sample, ancadé 0.0994 are the molecular
weight and theoretical amount of amino groups, eesyely.

2.3. Depolymerization of commercial chitosan by acid hydrolysis

Chitosan with different molecular weight (Mw) weobtained by acid hydrolysis
according to the method described by Zhou et 2006§) with minor modifications.
Commercial chitosan (2g) was dissolved in 2% acatid (100mL), stirred and heated
at 70°C for different times (2, 4 and 8 hours) idav to obtain chitosan with different
molecular weights. After that, the reaction mixtusas neutralized with NaOH.
Absolute ethanol was added (70 mL per liter of 8oh) in order to completely
precipitate the chitosan. The samples were filtevemshed with distilled water, and
dried at 60°C.

The molecular weight of the chitosan (Mwas determined by viscosimetry (Bof,
Bordagaray, Locaso, & Garcia, 2015). The measuressmeare performed using an
Ubbelohde capillary viscometer No. 2121R, (3= Om)nequipped with a thermostat
bath at 25.0° C + 0.01°C. Chitosan was dissolve@l 1M acetic acid/0.2M NacCl, into
different concentrations: 5.0-10 6.5-10%, 8.5:1¢" y 10° g/mL, being filtered
(0.45um) before viscosity determinations. Draining timek a fixed volume of
chitosan solutions (t) and pure solvery) (vere measured. From these, relative
viscosity ) and specific viscosityr§,) of were calculated using the following

equationd! andlll:
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== (i)

Dp = Dr — 1 (1
wheren is chitosan solution viscosity amg is viscosity of the pure solvent, and their
corresponding draining timesgndtp).
The reduced viscosityyqd) was calculated from the specific viscosity,) and the
concentration of chitosan solutioegiation IV):

Drea = Dsp /C (V)
whereC is concentration of chitosan solution (g/mL).
The intrinsic viscosityzs] was determined graphically, extrapolating valuleseduced
viscosity(y5/C) to zero concentration. The intrinsic viscosityswssed to determine
the viscosity average molecular weigliM,) from Mark-Houwink-Sakurada-
Staudinger equatiorequation V):

[0] = K, - (My)" V)
whereKm anda are two constants dependent on the particular pahguolvent system
(1.81-10° and 0.93, respectively) (Roberts & Domszy, 1982).
2.4. Acrylamide generation in model systemswith chitosan
Chemical model reactions were carried out followtimg method described by Sansano
et al., (2016). The reaction was carried out at=p# using a 25 mL threaded Pyrex
tube which contained 5 pumol of asparagine and 5Ilposh@ mixture of glucose-
fructose 1:1 (w/w), and 100 pl of a 0.5% acid kadolution containing O (control
samples) and 1% (w/w) of each one of the chitosiin efferent DD and molecular
weight. Tubes kept closed along experiments. Sanpére subjected to 180°C in an
oil bath (model: FM 6720 Ideal 2000 Professionaila€ with a nominal power of

2,000 W) during 5, 10 and 15 minutes, in triplicddaring heating processes only the
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bottom of the tubes was covered with oil. After ¢irof reaction, the tubes were
immediately placed on ice for 5 min. Two mL of NH) water were added and tubes
were vortexed for 1 min. The mixture was filteredhwNylon filter (0.45 pum) and
transferred to a vial for chromatographic analysisacrylamide. 100 ng of°Cs-
acrylamide were added to each sample as interadigtd.

2.5. Acrylamide deter mination by chromatography

Acrylamide was analyzed by triplicate accordingsemsano et al. ( 2015) with minor
modifications using an Agilent 1200 Series HPLCtayscoupled to an Agilent 6410
triple quadrupole mass spectrometer (Agilent Tetdgies Inc., CA, USA), in positive
electrospray ionization mode. A Zorbax XDB C-18wuoh (2.1mmx50mm, 1.8n)
was used. Six different levels (20, 50, 100, 2@®m &nd 50Qug/L), with six replicates
for each level (n=6) were studied, being 2@/L the limit of quantification. The
column temperature was set at 30°C, the sampletimjevolume was 5uL and flow
rate was maintained at 0.4mL/minute. The mobilesph@nsisted of 2.5% methanol/
97.5% of 0.1% formic acid (A) and methanol (B)dahe elution gradient was as
follows: 0-3 min 100% of A; 3.1-3.5 min 70% A; 3m6in 100% A, with 1 min post-
time. The ionization source was nitrogen at 35Q°C2al./min and 40 psi of nebulizer
pressure and 4000V of capillary voltage. Multipd@ctions monitoring mode (MRM)
was used to identify and quantify acrylamide. ThRNtransition 72>55.2 was used
to quantify and 72>27 was also monitored for acnjte and 75>58 forCs-
acrylamide (internal standard).

2.6. Batter formulations

The batter formulations were prepared from a cororakerdry mix for battering
products (Yolanda®, Murcia, Spain), consisting oheat and rice flours, acidity

regulator (E-334), bulking agent (E-500ii)) and colg (E-160b). Batters were
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prepared according to Sansano et al., (2016). rHasis was added in a water-to-dry-
mix proportion of 1.2:1 (w/w), with addition of 2& of table salt. Chitosan batters
were prepared in the same way but replacing themat a chitosan solution at 1%
dissolved in 0.5% lactic acid at pH=4. The finaliteban content in the batters
formulation was 0.54 % (final pH= 5.7) and battenshout chitosan were used as
control. Protein and fat contents of the commerdial mix were 10.0 and 1.4%,

respectively (data supplied by manufacturers); tooes (11.5%) and ash contents
(1.8%) were measured following AACC methods (199%)erage particle size (78.0

pum) was analyzed with a Mastersizer 2000 coupléd $cirocco 2000 module for dry

measurement (Malvern Instruments, Germany).

Batters were kept for 30 minutes at room tempeedbefore frying.

2.7. Flow properties and water retention capacity of raw batters

Apparent viscosity of raw batter formulations wastedmined using a Haake
Rheostress 1 rheometer (Thermo Electric Corporatid@rmany) equipped with a

plate-plate (60 mm of diameter) at 10, 20, 30 ahdCl. Apparent viscosity (Pa-s) was
measured as a function of shear rafefiom 0 to 100 3 after 5 min of stabilization
time. Rheological constants (consistency index, Psl) andn (flow behavior index)
were adjusted to the Ostwald-De Waele modgligtion VI):

r=Ky"
Water Retention Capacity of raw batters was andlyefollows: 18 g of each batter
formulation were weighed in a 30 mL centrifuge tuldempered at different

temperatures (10, 20, 30 and 40 °C) and centrifdeti7300 RCF for 10 minutes.

The supernatant was removed and weighed to cadcthiatWRC équation VI1).

_ Wsxy)-Wy .
WRC = ZE2 e . 1 Vi)
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where W is the total sample mass (Q)y ¥ water mass fraction of batter (g w/ g
batter) and W is the supernatant mass (g).

Both determinations were done by triplicate.

2.8. Frying process

Frying of batters was carried out in a commercemfat fryer of 2 L of capacity
(model: FM 6720 Ideal 2000 Professional, Solac)&#2°C. Samples (11.5 + 0.19)
were placed in an aluminum cylindrical cake mold atroduced in the fryer in order
to obtain homogenous ring shaped fried samplegtihel1+1mm; outer diameter=
65mm £2 and inner diameter= 25 £1mm). Three samfples 3) were fried for each
frying time (2, 4 and 7 minutes). The excess ofwals removed with paper on both
sides for 20 seconds after taking out the sampbes the fryer.

After frying, the following determinations were gad out by triplicate (n=3) at each
time of frying, except for mass fluxes, color aegttire (n=5 for each frying time).
Water content was analyzed by vacuum drying at 609@ constant weight was
achieved (20.103, AOAC, 1980). Total oil contentswdetermined by solvent
extraction using the Soxhlet method (AACC, 1995grf@rming the extraction
procedure with petroleum ether.

Net changes of componentaM';) (concretely, oil uptakeAM®") and water loss

(AM.") during frying were obtained accordingeguation V1|

AM! = (M. x xi)}\; (Mo x o) VI
0

whereMg is the total mass of the sample at initial timg K is the total mass at time
(9), o is the mass fraction of component (water oratilinitial time (g/total g) ane
is the mass fraction of component (water or oiljirke t (g/total g). Superscrigtis

“oil” or “w” for oil and water component, respectively.
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2.9. Texture properties of deep-oil fried batters

Texture changes over frying time were evaluatedalpuncture test using a Texture
Analyser (mod. TA-XT PlusAname, Spain) equippedhvat50 Kg load cell. Texture
test was performed twice, just after frying but pemng the samples at a consuming
temperature (55°C) and after cooling the samples@n temperature (25°C). The
plunger used for the test was a cylinder with & lfiase of 2 mm diameter. Samples
were placed on a holed platform to ensure a t@aipte perforation. The crosshead
speed was 1 mm/s. The maximum shear forgg @) necessary to perforate each
sample was recorded from the force-deformationeurv

2.10. Optical properties of degp-oil fried batters

Optical properties of the fried samples were deiteech by using a spectrocolorimeter
(MINOLTA, mod. CM-3600d). The color space coordemCIEL*a*b* were obtained
from the absorption spectrum between 380 and 770bmnreflectance with the
reference system:dpilluminant and 10 ° observer, and a 12 mm lenso@a (Gy*=
(@**+b*?)'?) and hue (h=arctan(b*/a*)), as well as total color change€E£[(L*-

L* contro)*+ (D*-b* contro)*+ (8*-a%contro) 2] '?) Of fried batters were calculated.

2.11. Statistical analysis

The influence of degree of deacetylation and thdeowbar weight of chitosan on
acrylamide generation in model systems, as welthaseffect of chitosan on the
analyzed physicochemical properties of raw anddftiatters were analyzed using
Statgraphics Centurion XVI. Analysis of variancesvearried out with a multifactorial

ANOVA, obtaining a significance level of 95%.

3. RESULTS AND DISCUSSION

10
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3.1. Influence of deacetylation degree and molecular weight on acrylamide
formation in model systems

The estimated deacetylation degree was 64.8+0.8 %oimmercial chitosan, 49.4+0.3
% for the chitosan obtained from the acetylatiomcpss, and 86.5+0.6 % and
92.80+0.12 % for the chitosan obtained from 1 aledcetylation cycles, respectively.
Briefly, it can be observed that the applicationtwd cycles of deacetylation did not
substantially increase the degree of deacetylatiochitosan compared to the DD
achieved after 1 cycle.

The inhibitory capacity of chitosan on acrylamidengration in model systems was
confirmed independently of the deacetylation dedi2B) (reductions between 44-
74% with respect to the control) (Fig.1). Never#issl, results did not show a clear
relationship between chitosan-DD and the degre¢hefacylamide mitigation. At
short-time of reaction (5 min), the lowest DD (#£@)¥seemed to be the least effective
against acrylamide generation, while no differermre acrylamide reduction was
observed between those with higher deacetylatigmege At longer reaction times (10
and 15 min) similar acrylamide generation was foumhodel systems with acetylated
chitosan (DD 49%) and commercial chitosan (DD 64.886lightly higher reduction
of acrylamide formation was observed when chitosdmained from one cycle
deacetylation process (DD 86.5 %) was added tonibdel system. However, the
results obtained with 92.8%-DD chitosan does nlmwato conclude that the higher
the DD the higher the inhibitory capacity of chaas The method used to obtain this
DD, a 2-cycle deacetylation process, could be spassible of these results, but it
should be confirmed. Apparently, two consecutivacggylation cycles could not only
modify the deacetylation degree, but also affebeofproperties. Tsai, Su, Chen, &

Pan, (2002) reported that chitosan with a high ll@fedeacetylation tends to form

11
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aggregates in aqueous solutions which contribut®nm intermolecular interactions
that might reduce available sites on the chitosanecule to inhibit acrylamide
formation.

In addition to the DD of chitosan, the influencermblecular weight of chitosan on
acrylamide formation was explored using the samelehsystems (Fig.2). Table 1
shows the viscosity average molecular weight)(Mheasured on the commercial
chitosan (0 h) and on those obtained by hydrolgsigess of different duration (2, 4
and 8 hours). Chang et al. (2016) recently repottedeffect of chitosan with low
molecular weight on acrylamide generation in maystems, indicating a statistically
significant acrylamide reduction capacity of 90-18Da-chitosan compared to the
control, but no statistical effect of including tsan with 190-310 KDa or 310-375
KDa in model systems on acrylamide generation. fdrege of molecular weight
evaluated in the present studied was above thevaitstudied by Chang et al. (2016),
being the lowest Machieved in this study 57421 KDa with the longest hydrolysis
time (8 h). The longer the duration of the hydrdysrocess the greater the reduction
on molecular weight of chitosan, but in any cade fossible to reduce the formation
of acrylamide at levels lower than those achievath he commercial chitosan
(Fig.2). These results can be explained if theycamesidered as the overall result of
two opposite effects: the first one related to dtreel changes induced by the acid
hydrolysis with a negative influence on inhibitiagrylamide formation and a positive
second one related to the decrease of moleculaghtveln fact, Kumar (2000)
recommended the enzymatic hydrolysis against the @ace because of the better
control of the process and the absence of chenmcalifications of the structure.
Furthermore, the hydrolysis can promote changeshen chain conformation of

chitosan and new intermolecular bonds (Rege & BId&99). The negative effect of

12
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hydrolysis is observed independently of the durataf the process because of
commercial chitosan (1460 KDa) was more effectivahiting acrylamide formation
than chitosan with similar Mv but submitted to bdurs acid hydrolysis process (1406
KDa) (Fig.2). This effect is slightly countered bye decrease of Mv in chitosan of
993 KDa while it seems to be the predominant efieechodel systems with 571 KDa
chitosan.

3.2. Quality properties of chitosan based batter formulations

The above results together with those publishedheysame authors in a previous
study (Sansano et al., 2016) were the base totdblecommercial chitosan (64.8%
DD and 1460 KDa) as ingredient in batter formullasicand study the main quality
properties of the new formulation. In this studpnunercial chitosan was used to
formulate batters according to Sansano et al.,gR01order to evaluate the effect of
this hydrocolloid on the rheological behavior andtev retention capacity of raw
batters as well as water loss and oil uptake dufigong, and color and textural
changes of fried samples.

Table 2 shows the rheological parameters, consigt@€) and flow behavior index (n)
of batters with and without chitosan, their appangscosity at 20 (reference shear
stress), as well as their water retention capd@itlRC). For the entire range of studied
temperatures (from 10 to 40 °C), the addition otodan resulted in a significant
increase of both the consistency (K) and the appatiscosity at 20 s-1 of the studied
batters. The increase of consistency of batterswwhéosan is added will need to be
considered for future applications because ohitisiénce on batter pick-up, yield and
crispiness (Sanz, Salvador, & Fiszman, 2004).

As refers to flow behavior index, it was not affsttby chitosan addition at 10 and

20°C and only a slight decrease was observed ah@@0°C. Flow behavior index (n)
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was highly dependent on temperature regardlesshbsan addition. This fact
indicates that the control of temperature is a kayable during the line production of
batters formulation at industrial scale (Baixadanz, Salvador, & Fiszman, 2003).
Similar results have been reported by other autfmrother hydrocolloids such as
methylcellulose, guar gum or xanthan gum (Hsid.efl892; Sanz et al., 2004).

In a similar way than in other hydrocolloids, suaft methylcellulose (Sanz et al.,
2004), the WRC was higher in the raw batters cairigi chitosan than in the control
(0% of chitosan), thus showing the ability of ck&o polymeric chain to retain water.
Do Amaral et al., (2015) and Sayas-Barbera e{(2011) reported that using chitosan
as an ingredient in formulations of sausages amibbegers contributed to increase
water retention after oven cooking at 150°C (irdétemperature in the product 72°C),
compared to the control indicating that chitosamoemaged water retention after
thermal processing. However, chitosan based bgttessented lower WRC at 30 and
40°C than at 10 or 20°C, probably due to very chfié interface conditions as
compared with sausages.

Additionally to the evaluation of the above-paraengtin raw batter formulations,
other relevant properties were analyzed during a&ftet the frying process, since the
impact of chitosan addition (~ 0.5%), on acrylamidéigation in fried batters has
been recently published by the same authors (Saretaad., 2016) (average reductions
of 32, 60 and 59% after 2, 4 and 7 min of fryingspectively). Table 3 shows the
results of water loss and oil uptake along fryimgl dhe texture after tempering the
fried samples at 55 and 25°C. No statistically iigant differences were found on
water loss during frying between batters with anitheut chitosan. It suggests that
water retention capacity of chitosan in raw battgts lost during frying. In this sense,

Sayas-Barbera et al., (2011) did not found sigaiftadifferences of moisture contents
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of fried burgers with chitosan (up to 1%) and tlatcol. However, Do Amaral et al.,
(2015), who incorporated a higher chitosan pergentél-2%) than in this study,
reported a higher retention of moisture in sausagegared to the control. Likewise,
Ansarifar et al., (2015) obtained samples with bigtvater and fat contents in fried
cheese nuggets when chitosan was incorporate® an@.1.5%. All these results point
out that the effect of chitosan on the final maistaontent of the fried product, and
then on water loss, is quiet dependent on the ¢ypwatrix and the cooking method.
On the other hand, some hydrocolloids, such as whed soy protein isolates,
methylcellulose or hydroxypropylmethylcellulose,viabeen proved to reduce oil
uptake and water loss during frying (Albert & MI{ta002; (Gar@, Ferrero, Bértola,
Martino, & Zaritzky, 2002). In this study, chitosa®ems to slightly limit the oil
uptake in batters after 2 and 4 min of frying asnpared to the control; while
Usawakesmanee, Wuttijumnong, Chinnan, Jangchudals&kulthai, (2005%id not
find significant differences between using chitosenan ingredient of fried breaded
potato and the control in terms of final fat contitehfried products. Once again, the
influence of chitosan in the fat retention will #éferent depending on the food matrix
composition. Some studies showed that includindraregr dried egg combined or not
with chitosan reduced breaking force compared ¢éocibntrol (Baixauli et al., 2003)
and some others showed that low molecular chitasereased the hardness of fried
batters (Ansarifar et al., 2012; 2015).

Concerning to the chitosan influence on the cobna texture of fried batters, results
from texture test showed an increase of maximuroefovith frying time, mainly due
to the decrease of water content at the surfaceanimg an increase of crispness
because of the crust formation. The addition otadan did not imply significant

differences in maximum force values, i.e. in hasgnef the external crust, of fried
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batters at 55°C (serving temperature). Howeveey a&ftoling the samples at 25°C, the
maximum force registered in samples without chitosas higher than in samples
with chitosan, except for over-fried samples (7 )mihhis result reveals that the
presence of chitosan protects tightening durindimgomaybe because its capability
of binding water. Finally, Table 4 includes theiogt parameters of fried batters with
or without chitosan at each frying time. As candiserved, lightness (L*) and hue
(hap) of batters were not affected by chitosan additiBlowever, both parameters
decreased as expected with frying time due to bisiwnAccording to ANOVA
results, chitosan addition provided lowey,/Gralues at 2 minutes compared to control
samples, but it increased the color saturatiop,JQf fried samples at 4 and 7
minutes. Other hydrocolloids, such as guar gum amthan gum, contributed to a
lower color development, while gum Arabic includedbatters for chicken nuggets
increased darkness, probably due to the reducfipnotein content, at replacing flour
by a hydrocolloid (Sahin, Sumnu, & Altunakar, 2005he increase of darkness when
chitosan is present in the food system may be duMddillard reactions progress as a
consequence of the reaction between the aminopgroti this polysaccharide and
carbonyl groups of glucose at high temperature (&aal., 2011; Phisut & Jiraporn,
2013). Color differencesAE values) were similar for all frying times and lowhich
implies that probably, consumers will not percetoéor changes promoted by chitosan

addition.

4. CONCLUSIONS

The results showed that the higher the deacetylategree of chitosan, the higher the

reduction in acrylamide compared to the control @as (without chitosan). However,
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the two cycles deacetylation process provokes iaddit changes that results in less
efficiency in acrylamide mitigation. Additionallyhe acid hydrolysis was found to be
a process that not only decrease the molecularhiveighich would contribute to a
high inhibition of acrylamide formation, but alsmmote changes with negative effect
on chitosan capacity to reduce acrylamide. Theeefoommercial chitosan with high
molecular weight and DD was found to be the mogtr@griate to evaluate quality
properties of a new batter formula.

Chitosan as ingredient in battering formulationsaigoncentration of ~ 0.5%, which
implies an acrylamide reduction between 32 and &8pending on frying time,
increased both the consistency and the water retecapacity of raw batters without
significant modifications of the final color or texe of fried batters. Therefore, batters
formulations with chitosan (~ 0.5%) can be usedlamely mitigate acrylamide

without prejudice to the main quality propertiesuea by the consumers.
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Table 1. Intrinsic viscosity and viscosity average molecular weight (M,) corresponding

to hydrolyzed chitosan samples. O h corresponds to commercia Chitosan.

Hydrolysistime bl intrinsic My
y (3(]) viscosity (mL/g)  (kpg)
0 902 (3)d 1460 (5)d
5 868 (5)c 1406 (3)c
4 613 (7)b 993 (11)b
3 353 (13)a 571 (21)a




Table 2.Rheological parameters: consistenky &4nd flow index behavionj, apparent
viscosity at 20'$ and water retention capacity (WRC (%)) of battenfulations with

and without chitosan at 10, 20, 30 and 40°C. Homegas groups are represented by

the same letter.

r K n visﬁggi?;,egaear WRC
C) (Pas) rate= 20s' (Pa-s) (%)
Without 10 2.63(0.07)d 0.73(0.00) 1.10(0.04)c  34.4(0.1)d
chitosan 20  2.44(0.08)e 0.71(0.01) 0.96(0.05)d  34.9 (0.2)d
30 2.01(0.01)f 0.70(0.00)  0.784 (0.009)e 34.6 (0.5)d
40  1.92(0.02)f 0.69(0.01)  0.708 (0.004)e 36.1(0.6)c
With 10 4.16(0.03)a 0.73(0.00) 1.73(0.02)a  44.3(0.2)a
chitosan 20  3.15(0.12)bc 0.71 (0.00) 1.23 (0.05)b 43.9 (0.3)a
30 3.36(0.01)b 0.69 (0.01) 1.21(0.03)b 39.6 (0.3)b
40  3.01(0.16)c 0.67 (0.00) 1.06 (0.07)c 40.3 (0.1)b




Table 3. Average values and standard deviations of watardosl oil uptake (n=3) and

Fmax at 55 and 25 °C (n=5) of fried batters with orheiit chitosan at different frying

times. Homogeneous groups are represented by e Istter.

Frying time Water loss Oil uptake Frax (N) Frax (N)
(min) (AMy) (AM g1) at 55°C at 25°C
Without 2 -0.37 (0.04)a 0.24 (0.02)a 2.06 (0.03)b 1.1(.4)
chitosan 4 -0.44 (0.09)b  0.28 (0.08)a 5(3)b 5(3)c
7 -0.51 (0.04)c  0.30(0.05)a 145(1.1)a 23 (4)a
With 2 -0.35(0.05)a 0.21 (0.04)b 2 (2)b 1.2 (0.8)d
chitosan 4 -0.424 (0.014)b0.203 (0.012)b3.6 (0.8)a 3.5(1.4)cd
7 -0.525 (0.017)c0.24 (0.04)a 12 (0.9)a 17 (3)b




Table 4. Average values and standard deviations (n=5) of chromatic parameters L*, C*,

h* and AE of fried batters with or without chitosan at different frying time.

Homogeneous groups are represented by the same |etter.

Fryingtime L* Ca* hao AE
(min)
Without 2 615 (1.4)a 344(15b 89.1(0.8)a -
chitosan 4 53 (2)b 34.0(1.3)b 79.9(0.7)b -
7 47 (3)c 30.4(1L.1)c 69.9(1.8)c -
With 2 609 (1.5a 314(17)c 923(14a 52(16)b
chitosan 4 50 (3)b 37.0(09a 79.7(1.7)b 6.3(1L7ab
7 44 (3)c 37.2(09a 679(14)c 6.7(1.2a
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Figure 1. Acrylamide content /(g/mL) versus reaction time generated in different
model systems consisting of 5umol of asparagineydglucose:fructose (1:1) and 0
(control) and 1% of chitosan with different deatatipn degree (DD). Homogeneous

groups are represented by the same letter.
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Figure 2. Acrylamide content /(g/mL) versus reaction time generated in different
model systems consisting of 5umol of asparagineydiglucose:fructose (1:1) and 0
(control) and 1% of chitosan with different molemulweight (M). Homogeneous

groups are represented by the same letter.



HIGHLIGHTS

-The higher the deacetylation degree of chitosan the greater the AA reduction.

- CH increased consistency and water retention capacity of raw batters

- CH addition to batters reduced oil uptake and acrylamide formation during frying
-Incorporation of CH in batters did not affect color and texture of fried batters

ABBREVIATIONS: AA: Acrylamide; CH: Chitosan



