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Abstract

Inulin is a prebiotic ingredient that is being ieasingly used in food formulations as fat
replacer. The present manuscript focuses on thmafton of gels formed from inulin
aqueous dispersions, observing the effect of incintent, ranging from 25 to 50 wt%, and
of the presence of calcium salts (chloride, lagtatedifferent concentrations up to 5 wt%
Gels are observed to be stronger and formed idesttime as the polysaccharide content is
higher. Both backscattering and rheological teaesgcan be used to follow the gelation,
being able to detect a significant initial settstgge at 25 wt% inulin content. When calcium
salts are added, weakening of gels takes placeltinrgsin lower values of the storage and
loss moduli, G’ and G”, respectively, as well asa reduction of the linear viscoelastic
range. Moreover, gelation seems to be retardedlamea scale of time due to the presence of
salt. Prebiotic gels containing calcium are of sgeinterest for the development of
functional foods, always considering the effectytk&ert on the rheology when formulating

these products.

Keywords: Inulin; calcium, gelation; rheology; backscattegin
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1. Introduction

Inulin is a prebiotic3-fructan that is present in many plant specie$ ag Jerusalem
artichoke, dahlia and chicory root, or synthesiggdthetically from sucrose (Esmaeilnejad
Moghadam, Keivaninahr, Fouladi, Rezaei MokarramN&zemi, 2019; Nguyen, Mattes,
Hoschke, Rezessy-szabd, & Bhat, 1999; Santos,e2@l8). The degree of polymerization
(DP) of inulin, as well as the presence of branchesan important property since they
influence its functionality to a striking extentnulin possesses a neutral bland taste, is
moderately soluble in water and confers body ardtglaility. In addition, from the techno-
functional point of view, inulin is considered axtigrizing agent and/or a stabilizer for
emulsions and foams (Lépez-Castején, Bengoech@indsa, & Carrera, 2019). Even if the
health claim associated with prebiotic foods canlor@ger be used freely by the industry
(Salminen & van Loveren, 2012), soluble fiber pretdy such as inulin, still remain
important for the health nutrition (Slavin, 2013jor all these reasons, it has various
applications in the food industry, being frequeratided to milk, fermented products, jellies,
aerated desserts, mousses, ice cream and bakelyctgdBalthazar et al., 2018; Guimaraes
et al., 2018). In these food formulations, inulg used as a substitute for sugar or fat
replacement obtaining calorie-reduced food thaiteh@lly provide added health benefits.
Inulin and fructo-oligosaccharides (FOS) are nagediible food ingredients that selectively
stimulate growth and/or activity of a number of guatally health-stimulating intestinal
bacteria (Balthazar et al., 2017). This abilitymiodify the intestinal flora is called prebiotic
effect and the prebiotics are defined as “non-digkes food ingredients that beneficially
affect the host by selectively stimulating the gtiownd/or activity of one or a limited group
of bacteria in the colon” (Gibson & Roberfroid, B)9Inulin does not release fructose in the
gastro intestinal tract and is thus classified dewacalorie food ingredient (Roberfroid &

Delzenne, 1998).
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Studies show evidence that inulin and FOS contiliatincreasing the absorption of
calcium, magnesium and iron in humans (Coudray.ei1897; Coudray, Tressol, Gueux, &
Rayssiguier, 2003). In addition, an increase o€iaal absorption, bone mineral density of
proximal tibia, total bone mineral content and beo&ume was observed in growing male
rats fed with breads fortified with calcium and linfFOS together with an increase of
anaerobic bacteria, probably bifidobacteria &madtobacillus correlated with a decrease in
the pH due to the rapid fermentation of inulin &@S by the colonic flora resistant to acid
medium (Salinas et al., 2017). In order to facelthemsues (osteopenia, osteoporosis)
derived from a poor absorption of calcium (BerdagieBerdanier, 2015), different calcium

salts (e.g. lactate, chloride) have been introdulcddod systems.

Gels are solid tridimensional networks that trag anmobilize the solvent (e.g. water),
exhibiting a wide range of microstructural and nseubal properties (Clark, 1996). A
gelation mechanism taking place as the result ®fptfecipitation of molecules present in an
initial aqueous solution has been proposed foinniildim, Fagih, & Wang, 2001). The main
factors affecting the formation of the gel are inudoncentration, temperature/heating time,
the solvent used and the pH. A comprehensive rigax@bcharacterization considering the
effect of these factors of gel systems is very irtgd for developing new products,
estimating their shelf-life, sensory assessmentyes as stability evaluation (Abuldayil,
Shaker, & Jumah, 2000; Barnes, Hutton, & Walte@911 Xu, Zhang, Liu, Sun, & Wang,
2016). Additionally, some authors (Arango, Trujll& Castillo, 2015, 2018) have used a
light backscattering technique to predict the rbgmlal gelation and curing times, as well as
coagulation and syneresis parameters, in milk geldifferent inulin, protein and calcium

concentrations.

Although there are several studies on the effecaddium and inulin on gels including

proteins such as whey (Glibowski & Glibowska, 2Q008udies on gels based solely on

4
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calcium and inulin have not been documented soltfaus, the objective of the present work
was the development and characterization of ingkts containing calcium as potential
health-promoting food systems. These systems whggacterized through rheological
dynamic tests and backscattering measurementslér to evaluate the gelation kinetics and

the effect of the presence of calcium salts oninngglation properties.

2. Experimental

2.1 Materials and sample preparation

The oligofructose-enriched inulin used was Oraf8@nergyl, a combination of longer and
shorter chain inulin with specific physiologicalfefts (~92wt% inulin content) and was
provided by BENEO (Germany). Calcium chloride (28D and calcium lactate (min. 98 %)

were supplied by Sigma-Aldrich (United States).

Different inulin suspensions in distilled water (Z%b, 45, 50 wt%) were prepared, and
the effect of calcium salt (chloride or lactate)déterent concentrations (0, 0.1, 1, 5 wt%)
was evaluated on aqueous suspension of 25% wubihirmhe 25% wt system was selected
due to its poorer rheological behaviour, which niegy affected in a larger extent by the
presence of salts. Solids (inulin or inulin-calciwalt) and water were mixed for 1 hour at
room temperature using a magnetic stirrer in otdegnsure an adequate homogenization of
the system. After stirring, the mixture solutionsrevstored at 25 °C for 24 hours, observing a

transition from a yellowish solution into a whitelgystem.

2.2. Methods

2.2.1. Rheological properties
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Shear rheology tests for inulin or calcium-inulielgy were performed using a MARS I
rheometer (Haake, Germany). A stainless-steel lphralhte geometry with a rough surface

with a diameter of 35 mm and a gap of 1 mm was tedll the shear rheological tests.

Small Amplitude Oscillatory Shear (SAOS) measurethiemere conducted in the same
rheometer in order to obtain the linear viscoetagtoperties for all the samples studied as a
function of frequency (between 0.01 to 10 Hz) #fiedent storage times. Shear stress sweep
tests were previously performed to determine thedl viscoelastic range (LVR). The critical
stress t¢) and critical strainy) were determined from the strain graph as a fanatif the
stress, being the values of stress and straingctigply, at which the linear viscoelastic
region ends (Bengoechea, Romero, Aguilar, CordoféSuerrero, 2010). It must be taken
into account that those critical parameters depeiadnly on the material properties, but also
on the specimen geometry and possibly on straenaatl inertia (Tanna, Wetzel, & Winter,

2017).

Gelation kinetics of the different systems wengdstdin-situ through dynamic time
sweep tests at 0.1 Hz in an AR2000 rheometer a8Q%TA Instruments, USA). This
frequency was selected in order to keep the sawipén the LVR during the whole test. In
order to study thén-situ gelation, inulin solutions were mixed for 1 hour2® °C using a
magnetic stirrer, and then were subsequently place@n aluminium low-inertia parallel

plate geometry with a diameter of 60 mm and a ddprom.

2.2.2. Backscattering

A vertical scan analyzer Turbiscan MA 2000 (Fornatin, France) was used in order to
study the evolution of the gelation of the suspamsalong time, by measuring the
backscattering of a pulsed near infrared light seug=850 nm) as a function of the

suspension height (Mengual, Meunier, Cayré, Puéclgnabre, 1999). Freshly prepared
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suspensions were placed into cylindrical glassdwrel stored at 5 °C. The backscattering of
light along the entire height of each suspensios than measured at room temperature (20—
23 °C) as a function of time. The results are presxk as the backscattering signal

(ABS/100%) at a certain height (4 cm) as a functioimeoe.

2.2.3. Statistical analysis

The data were presented as mean + standard dev{&i) of three determinations. Variable
results were subjected to one-way ANOVA accordmghe general linear model procedure
with least-square mean effects. Significantly ddéfeé means (p < 0.05) were determined

according to Fisher’s least significant differenfleSD) test.

3. Results and Discussion

3.1. Influence of inulin concentration

Inulin gels were prepared at different polysacad®dontents (25, 35, 45, 50 wt%) in order to
study the effect of inulin content on viscoelagtioperties and backscattering profiles of the
gels. Kim et al. (Kim et al., 2001) already repdrtee existence of a critical concentration of
inulin to be overpassed in order to produce ge(18 wt.%), either thermally or shear

induced. It must be highlighted that the inulin centrations studied in the present

manuscript are well above of those reported fdrcali concentrations.
Mechanical spectra

Before frequency sweep tests were carried outLthear Viscoelastic Range (LVR) was
established at 1 Hz for every system considereds;Thable 1 displays the critical stresg (
and the critical strainyf) for the gels formed at different inulin conteatsove from which
their structure starts to breakdown (Tadros, 200%g parameter. increased around ten

times its original value when the polysaccharidetent doubled from 25 to 50 wt%, which

7
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would point out the strengthening of the structaseresult of higher number of interactions
(e.g. van der Waals, Hydrogen bonding). These aotems would contribute to the
development of physical gels especially at highetim contents, when the polymeric chains
are proximate with an increase in polymer-polynméeractions. Kim et al. (Kim et al., 2001)
indicated that no gel was formed at lower inulimtemts (10, 15 wt%) at room temperature,
although they were able to obtain gels fully formekden heating the systems (70, 40 °C,
respectively). On the other hand,diminished with the inulin content, going from a10*

for the 25 wt% inulin system to 3.6 It for the concentrated gels (50 wt%), which is
associated to the formation of a more structurettinéhat is susceptible to be deformed at

lower values of strain.

Figure 1 shows the mechanical spectra obtainedtHerinulin systems at the different
polysaccharide concentrations studied, observiag they all show the same qualitative
response: the elastic modulus (G’) is well abowe tfscous modulus (G”), denoting the
expected predominantly elastic behaviour of a lpeFigure 1A, it may be observed that an
increase in the inulin content in the systems tesnlan increase of their viscoelastic moduli,
G’ and G”. A network composed of solid crystaéliparticles conferring a gel-like texture to
the matrix has been reported for native inulinighttoncentrations (>25 wt%) after shearing
(Franck & De Leenheer, 2005). When inulin is thgloly mixed with water or another

aqueous liquid using a shearing device such asoa-stator mixer (e.g. Ultra-Turrax) or a
homogenizer, a white creamy structure is formedctvican easily be incorporated in food to
replace fat (up to 100%) (Frank, 1993). Moreovtlisipossible to establish an empirical
superposition for all those spectra using concéotralependent vertical shift factorc)(a

using the system containing 25 wt% of inulin agf@nence (Figure 1B). The shifting factors
a were 1.0, 3.1, 8.1 and 11.4 for 25, 35, 45, andaB®. inulin concentration of gels,

respectively. The linear viscoelastic behaviour vaimoby the gelled systems may be
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reproduced to a generalized Maxwell (GM) model (Bwtin & Mittal, 1977; Steffe, 1992).
GM model consists of a superposition of n indepahdelaxation processes with their
corresponding relaxation times,, and relaxation strengths,.G\ccording to this model, the

linear material functions may be defined as follows

@nf)?A;
G'(f) = G+ Zima G Tr ez (D)

" TfA
G"(f) = Xher Gu Ty ari 2
_t/
G(t) =G, +Xh=q Gre "M 3

The discrete relaxation spectrum may be estimdtexigh the former equations for G’ and
G” as a function of the frequency (f) by selectiaget of relaxation times and calculating
the values of ¢ that minimize the sum of deviation squares betwpesdicted and
experimental moduli. Figure 1B shows the prediateechanical spectra obtained for the
reference system (25 wt% inulin) as a continuouns, lshowing a reasonably satisfactory
fitting to the proposed GM model (n = 4), espegidbir G’. It is well known that lower
relaxation times regulate the high frequency regiehile higher relaxation times influence
strongly the low frequency region of the specttas lexpected that, conveniently adjusting
Gk parameters withc;athe GM model used would fit the rest of the ekpental data. Some
authors have already pointed out the ability of@M model to describe relaxation processes

in solid-like foods (Del Nobile, Chillo, Mentana, Baiano, 2007).
Kinetic study

Previously, some authors have used turbidimetrichaus to study gelation processes
(Hermansson, 1982; Ozcan, Horne, & Lucey, 2015poméeng a dependence of the
aggregation on the concentration of the biopolynherthis sense, Figure 2A shows the

evolution of the percentage of backscattering (B3 specific height (4 cm) along gelation

9
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time for aqueous systems with different inulin @ms (25 and 50 wt%). It may be observed
how for the system with the lower inulin contengrd is a sudden decrease of BS in the first
stages of gelation. Then, the BS value stabilizd smbsequently starts increasing until
reaching a BS plateau value around 60 % at muafelotimes (>2000 min). On the other
hand, the system containing 50 wt% of inulin doesshow any decay of the BS signal, but
it increases from the first moment until it reacheslateau around 65 % at 240 min
approximately. These differences found betweentihe systems imply the commented
effect of concentration on gelation kinetics: aggteéon processes occur generally faster

when higher biopolymer contents are present (Ross&hly, 2005).

For the same samples, Figure 2B showsrk&tu gelation taking place once fresh samples
(25, 50 wt%) were put into the rheometer geomeinglicating the evolution of the
viscoelastic moduli along gelation time obtaineohir SAOS tests. It may be observed that
there is a characteristic setting time for an iratidn period prior the increase of the elastic
modulus over the viscous one take place, duringhivbioth moduli seem to be similar. It
may be attributed to the signal noise during tagsphase that no clear difference is observed
among the viscoelastic moduli, as a predominancih@fviscous modulus over the elastic
one may be expected in the solutions before afgignt number of aggregates start to form
(sol-gel transition). This setting time may be deti@ed as the time at which ténstarts to
deviate from the unity onto lower values (Ross&Mwyp2005), being 96.Z 10.3 min and
45+ 2.7 min for the 25 and 50 wt% systems, respdgtivd/hen the setting time is
surpassed, viscoelastic properties start to inereaponentially eventually reaching a plateau
once the gelation has finished. Thus, it seemsHigdier inulin contents apparently promote
faster gelation processes, with shorter settingedirand a more rapid exponential growth.
Previously, other authors have pointed out thatirmmease in biopolymer concentration

results in a greater proximity between moleculaspfiring their interaction and the gelation

10
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kinetics (Fernandez Farrés & Norton, 2014). Furtftee, Kim et al. (Kim et al., 2001)
explained inulin gelation through a so-called crowdeffect, in which molecules that are in
solution precipitate into particles, forming a géh these terms, they established that inulin
concentrations lower than 5 wt% did not result @h fgrmation, as molecular density of
inulin chains would be below the critical concetitia to promote the mentioned crowding

effect.

Beccard et al. (Beccard et al., 2019) studied maygproperties and the development of a
consistent model, explaining the gel formation wdlin with a high DP as potential fat
replacer in fat containing foods. These authorsdothat a 20 wt% gel prepared at 25°C had
sufficient amount of inulin that remained undissal\during sample preparation and acted as
crystallization nuclei, ensuring a seeded crysatfion. After 24 of crystallization, the
resulting gel consisted of small primary particéesl exhibited a hard texture. When this gel
was prepared at higher temperatures®°(®) the solubility of inulin in water increaseddan
therefore, the number of undissolved nuclei dee@akwering the crystallization velocity

but eventually producing gels formed by larger iphas.

A comparison of the results achieved through baatkseng measurements (Figure 2A) and
rheological tests (Figure 2B) permits to obtainnailar conclusion, that is, that the higher the
inulin content, the faster the gelation processweieer, the similarity is only qualitative, as
substantial quantitative differences are foundtfa characteristic times of the incubation
period and subsequent gelation. Rheological meammnts are commonly used, as they show
the solution (G”>G’) to gel (G’<G’) transition astakes place. However, when the kinetic is
slow, this technique may be time-consuming andiadiff to control (e.g. drying of the
sample, modification of the linear viscoelasticgan On the other hand, BS tests allow the
kinetic study through one-time measurements of atians of the particle size (e.g.

aggregation) detected by the optical device. E¥easults are not worthy for a quantitative
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kinetic characterization through model fitting, thienplicity of the measurement along with
its control easiness, make BS measurements a leuigdtlernative to rheological tests in
certain cases. Other authors have previously uaellsbattering measurements as a tool to

study gelation kinetics (Boul et al., 2015; Ozcaale 2015)

Figure 3 shows the effect of storage time on tle®ldgical properties of the inulin systems at
25 (Figure 3A) and 50 wt% (Figure 3B). An evolutiomto higher values is observed for both
viscoelastic moduli, G’ and G”, for the 25 wt% iitusystem, which may imply that gelation

is still in process. In contrast, the mechanica&cs@a obtained for the 50 wt% inulin system
remained constant along time, which may supportabethat gelation was completed within
90 min, as observed in Figure 2B. If loss tangaamn d = G”/G’) is estimated at 1 Hz for the

25 wt% inulin system, it may be observed that drdased from 0.10 to 0.08 from 24 to 96 h,
while the 50 wt% systems kept a constant damalue around 0.09. This would be also
indicative of the on-going gelation process for #ewt% system. The absence of evolution
for the 50 wt% system should be related to the -kmbwn fact that higher polymer

concentrations lead to a faster gelation procesesg&Murphy, 2005).

3.2. Influence of the presence of Calcium salts

Hydrocolloids may form gel structures in the presenf positively charged ions (e.g.
calcium), being the positive ion fitted into negaty charged areas within the hydrocolloid

molecule.
Dynamic tests

Table 2 shows the values for both critical stresy dnd strain ;) for the 25 wt% gels
formed in the presence of different contents ofdbesidered salts. It can be observed that,

although no clear evolution is found for chloriddtst. remained practically unaffected by

12
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the presence of salt. On the other hand, an isergg. was observed for the maximum salt

concentration used (5 wt%).

Figure 4 shows the mechanical spectra for 25 wtdinrgels containing different amounts
(0-5 wt%) of calcium salt: Calcium chloride (Figut8) and calcium lactate (Figure 4B). All
frequency tests were always carried out within lthear viscoelastic ranga<tc; y<yc). A
predominantly elastic behaviour was always found tlee systems studied (G'>G"),
confirming the gel character of the samples. Howetve presence of calcium salts resulted
in a decrease in both viscoelastic moduli whichesaglace in a greater extent as the salt
concentration is higher. This decrease may be mquaon basis of the disruption of
aggregates that interlink different chains presenthe gel particles (Bozzi, Milas, &
Rinaudo, 1996). Different authors have indicatedt tht low concentrations of €a an
increase of the viscoelastic properties up to &eplais found, decreasing abruptly once a
critical concentration is exceeded (0.015-0.02 wB62zi et al., 1996; Meng, Hong, & Jin,
2013). Considering the mass percentage of calauanmol of lactate and chloride salt (18.3
and 36.0 wt%, respectively), it may be quantifiedttin the present study the reported critical
concentration was surpassed in every case, asitimum C&" concentrations considered
were 0.018 and 0.036 wt% in the lactate and chéocalcium systems, respectively. This fact
may explain the slighter decrease found for théatacsystem at 0.1 wit% compared to the
chloride system. However, at higher concentrationspay be observed how, in spite of
containing a lower content of €aviscoelastic properties decreased in a greatenefor
systems containing lactate than the correspondhigride system. Similar results were

obtained for gellan gum systems (Meng et al., 2013)
Gelation Kinetics

The influence of the presence of Calcium saltsh@ndelation kinetics of 25 and 50 wt%

inulin systems containing a 5 wt% salt contentispldyed in Figure 5.
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Systems with lower inulin contents (25 wt%) ardl &wvolving 96 h after their preparation,
suggesting that their kinetic is much slower thaat bbserved at higher contents (50 wt%),
as it shown in Figure 3. Figure 5A shows the evoiubf the percentage of backscattering
(BS) at a specific height (4 cm) along gelationdifor 25 wt% aqueous systems with or
without Calcium salts (5wt% of chloride or lactaté)ll systems studied show an initial
decrease for BS, which has already been relat@drticles rearrangement. Subsequently, a
BS increase takes place for the three systemguglthit is observed how systems containing
calcium salts display higher backscattering valaéshorter times than the reference system.
This effect might imply that the presence of saligially promotes the aggregation of
particles, being especially remarkable for the ke system. However, all systems studied
eventually reached similar BS values around 70 $i¢4200 min) after their preparation.
When studying then-situ gelation of 50 wt% system of inulin (Figure 5B)] ahmples
display a similar rheological response along timih the viscoelastic moduli increasing till
they stabilize around 50 min after their placingoothe rheometer plate and reaching similar
values, independently of the presence of salt. Wewaet is observed that the presence of salt
slightly increased the gelation rate during thetfgstages, as it both G’ and G” are higher for
chloride and lactate systems compared to the systiémout salt. These rheological results
may be consistent with the BS results describedr@ldor the 25 wt.% systems, as the
presence of salt leads to a faster evolution ofstbdied parameter (e.g. G’, BS (%)) during

time.

The evolution of both the elastic and viscous mogith storage time is shown in Figure 6,
for the 25 wt% inulin systems containing 5wt% ofcaam chloride (Figure 6A) or calcium
lactate (Figure 6B). As observed in Figure 5, igufé 6 it can be observed that the gelation
seems to last longer times for the systems conigitiie chloride salt, as mechanical spectra

kept evolving 96 hours after its preparation, whglels containing calcium lactate were
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formed within 48 hours, not showing remarkable etghces since then. This difference
might be related to the different interactions lelsthed between anions (lactate, chloride)
with inulin and water during gelation. Thus, caloidactate gels were just formed at 48
hours, although values of G’ and G” were signifitiower (Figure 6 B) in comparison with

those found for calcium chloride-inulin gels. Pas results obtained on pasting properties
of calcium salts-inulin-wheat flour systems, alsenfirmed that the calcium lactate salt
developed a paste of low viscosity, in comparisorcalcium carbonate and citrate salts

(Salinas & Puppo, 2013).

These results are different from those found fgmate gels in the presence of calcium salts,
as a faster gelation was reported in the presehahloride compared to lactate (Lee &
Rogers, 2012). However, just like happened withingels, lactate gave poorer viscoelastic
parameters (Lee & Rogers, 2012; Meng et al., 20IBis difference could be attributed to
the distinct form that calcium salts interact wigh polymer as alginate or with an
oligosaccharide as inulin. According to Hofmeissaries of stabilizing effect of anions,
chloride is a strongest hydrated anion than lag&édinas & Puppo, 2013), favouring a great

interaction inulin-water via hydrogen bonds, leadio more elastic gels (> G, Figure 6 A).

The proven formation of inulin gel containing calwi is strongly related with the
development of innovative health-promoting applomas of prebiotics through their
applications to food gels that may enlarge theraoffgions of food industry to consumers.
These products can replace fat and sugars ande ataime time, enhance the mouthfeel by
providing better tongue lubrication (Singla & Chak&varthi, 2017). In addition, these gels

will be suitable for elderly people that usuallyedeconsuming healthy-soft foods.

4. Conclusions
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Inulin gel systems were successfully prepared tinamater dispersion of the polysaccharide
and subsequent storage at room temperature. Asidhe content increased from 25 to 50
wt%, gels became thicker, as denoted by a broadearl viscoelastic range and higher
storage and loss moduli. Therefore, the more comgtagcture that results from a higher
presence of inulin would contribute to its potentiae as fat replacer in food systems. The
shape of the mechanical spectra was independéhé afulin content, being possible to shift
all results onto a general master curve. Additignahose results could be fitted to a
generalized Maxwell model of four elements. Theekirs of the initial stages of gelation was
studied through different methods, like backscatteior rheological dynamic tests. Both
techniques confirmed that gelation took place atoaver pace for the system with lower
inulin content (25 wt%), being even possible taidguish a setting time region. Moreover,
when observing the effect of storage on the vissiEl moduli, it was clear that gelation was
still happening 96 hours after the preparationeas gvith lower inulin content, while the 50

wt% inulin gel displayed constant rheological pndigs much sooner (48 hours).

The presence of ionic calcium from a chloride ctdge salt in the gel formulation resulted in
poorer rheological properties, probably due to thpture of aggregates within the gel.
Gelation was affected by the nature of the saltluas more time was needed to complete the
gelation process when using chloride. In spitehefweakening observed, the rheological gel
behaviour persisted after the addition of salt. Diitaining of a prebiotic gel including
calcium in its formulation may be of great interést the food industry aiming to promote

the health of specific sectors of the populatiaotigh the development of functional foods.
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536 Figure 1. Mechanical spectra for inulin gels at differentysaccharide concentrations (25,
537 35, 45, 50 wt%) (A); Concentration master curve fieechanical spectra with a shifting
538 factor, g, using the 25 wt% system as reference. Lines septethe fitting to a Generalized

539 Maxwell model of four elements (G’, continuous L&', dashed line) (B).
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544  Figure 2. Evolution of backscattering signal (BS%) (A) andebdstic and viscous moduli
545 (G’, G”) at 0.1 Hz (B) with time for inulin systemwith different inulin contents (25, 50
546  Wt%).
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550 Figure 3. Effect of storage time on viscous moduli (G’, Goj inulin systems at 25 (A) and
551 50 wt% (B).
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Figure 4. Mechanical spectra for 25 wt% inulin gels contagndifferent amounts (0-5 wt%)

of Calcium chloride (A) and Calcium lactate (B).
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565

566
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571

572

Figure 5. Evolution of backscattering signahBS/100%) at a certain height (4 cm) for 25
wt% inulin system (A); and of elastic and viscousduli (G’, G”) at 0.1 Hz with time for 50
wt% inulin system (B) as a function of time. Botystems are studied in the presence of

chloride or lactate salt (5 wt%) or in the abseoicdem
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Figure 6. Effect of storage time on viscous moduli (G’, G8f 25 wt% inulin systems

containing 5 wt% of Calcium chloride (A) or Calcidactate (B).

Tables

Table 1. Critical stresg4) and strainy) for inulin gels with different inulin contents

[nulin (wt%) 7. (Pa) Ye ( mm/mmn)
25 29+1.4a 8.0-10"+3.0-1¢'b
35 9.2 +0.0b 43.10'+08-10' a
45 16.3 + 0.6c 5.2:10" +0.3-10% ab
50 30.3+0.0d 3.6-10'+£0.1-10 a

Different letters in the same column indicate digant differences (p < 0.05).
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597 Table 2. Critical stresg{) and strainy) for 25 wt% inulin gels with different calcium sal

598 contents.
Calcium L actate (wt%) 7. (Pa) Ye (mm/mm)
29+1.4 8.0-10% + 3.0-1¢
0
a ab
01 1.2+05 5.34 10" + 4.3-10
' a a
1.5+0.0 6.0-10% + 0.7-1¢
1
a ab
. 1.5+0.0 13.0-1¢ + 0.6-10°
a b
Calcium Chloride (wt%) 7. (Pa) vc (Mm/mm)
0 20+1.4 8.0-10" £ 3.0-1¢'
a a
o1 28400 6.6-10*+1.2-1¢
a a
51+0.0 7.4-10"+0.8-10¢'
1 b
a
0.8+0.0 12.2-10'+0.2-10"
5 o ]
599

600 Different letters in the same column indicate sigant differences (p < 0.05).
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Highlights

Higher inulin content results in a faster gelation.
Gelation kinetics can be studied either by backscattering or rheological tests.
Calcium salts resulted in inulin gels with lower viscoelastic moduli.

The nature of the anion in calcium salts affect the rheology of inulin gels.
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