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Chia seed mucilage represents an emerging resource in food industry due to its particular tetrasaccharide
(repeating unit) composition. In this investigation, we report on the effect of biomacromolecule concentration
and ageing on the structural integrity of chia mucilage-based hydrogel networks. Hydrogels were produced with
different polymer concentration and analyzed as prepared and after 10 days of ageing. Structural studies were
undertaken through scanning electron microscopy, rheology and small angle X-ray scattering (SAXS). Rheo-
logical characterization revealed that ageing acts as destabilizing factor for hydrogel architecture. Indeed,
hydrogel strength as well as viscosity were found to decrease upon ageing. This behavior related with a structural
change was validated by microscopy. Strikingly, the formation of less entangled and packed meshwork was
evidenced. SAXS elucidated that the mesh size of the hydrogel network increased with ageing. Overall, the
ageing information provided in this study has to be taken into account when using chia mucilage as a food

ingredient or in other application fields.

1. Introduction

Chia mucilage (CM) (Salvia hispanica L.) is an emerging and attrac-
tive constituent in the production of innovative materials for a wide
range of advanced applications (Briitsch, Stringer, Kuster, Windhab, &
Fischer, 2019). Salvia hispanica is an annual herbaceous plant species in
the Lamiaceae family (Whistler, 1982). The nutritional values of chia
seeds have been appreciated and their health benefits have also been
documented (Ding et al., 2018; Orona-Tamayo, Valverde, & Par-
edes-Lopez, 2017; Scheer, 2011; Valdivia-Lopez & Tecante, 2015). The
mucilage extracted from chia seeds is a polysaccharide-rich exudate that
is attracting increasing interest, especially in food industry (Campos,
Ruivo, Silva Scapim, Madrona, & Bergamasco, 2016; Dick et al., 2015).
The mucilage released from the seed coat during hydration can be easily
extracted and hydrated to achieve water retention, which accounts for
its great potential as a functional ingredient for use as a thickening agent
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(Munoz Hernandez, 2012; Salgado-Cruz et al., 2013). The strong water
binding capacity of the hydroxyl groups in the polysaccharide core al-
lows the mucilage to hydrate and thus store enormous water reserves,
which can give plants the ability to withstand physiological drought
(Clarke, Anderson, & Stone, 1979).

The use of hydrocolloids in the food industry, which includes natural
polymers, offers a versatile degree of flexibility for many applications
(Cofelice, Lopez, & Cuomo, 2019; Cuomo, lacovino, Messia, Sacco, &
Lopez, 2020; Sacco et al.,, 2017; Saha & Bhattacharya, 2010). The
increasing attention to mucilage has been confirmed by several studies
on the structure and composition of mucilages (Capitani et al., 2015;
Coorey, Tjoe, & Jayasena, 2014; Timilsena, Wang, Adhikari, & Adhikari,
2016). The ability of these natural materials to form gels/mucilages has
important ecological functions such as stability during flooding and
survival under harsh environmental conditions (Salgado-Cruz et al.,
2013). CM is a typical example of a hydrophilic polymer that forms
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suspensions in water with the properties of colloids (hydrocolloids).
Despite  significant progress in understanding the basic
structure-property relationship of such molecules that make up the
networks, much remains to be elucidated about how the macromolec-
ular building blocks affect the properties of the sample at the macro-
scopic level. Clearly, having information on the structure and physical
properties of a polymer network as different parameters such as polymer
concentration, pH, time and additives vary could be useful for managing
this type of material in various industrial applications (Paderes et al.,
2020; Santan et al., 2018). When dissolved in water, chia seed mucilage
forms a gel-like network that interacts with the seed to form supramo-
lecular complexes (Lin, Daniel, & Whistler, 1994). Samateh et al.
(Samateh et al., 2018) have shown that some seeds, such as those of chia
(Salvia hispanica) and basil (Ocimum basilicum), can form hydrogel-like
structures when soaked in water without external crosslinkers. This
hydrogel-like matrix consists of an extensive network of nanoscale fibers
that extends from the surface of the seeds into the aqueous bulk.

It has already been reported that CM displays a high water absorp-
tion capacity, which is due to the abundant free hydroxyl groups that
can combine with water molecules to form a physical gel (Coorey et al.,
2014; Segura-Campos, Ciau-Solis, Rosado-Rubio, Chel-Guerrero, &
Betancur-Ancona, 2014). The different water affinity found in several
papers was attributed to the different protein and fiber contents of the
mucilage species present (Orifici, Capitani, Tomas, & Nolasco, 2018). An
important step in studying the structure-property relationship of poly-
mer networks is to reduce network defects, such as inhomogeneity
associated with irregular cross-linked junctions and the presence of
loops (loose chains). These inhomogeneous components usually form in
an unpredictable manner and can affect the resulting physical properties
of the network (Saffer et al., 2014).

Ageing is a process that occurs in many polymers when their prop-
erties change over time. Once formed, the gel structure is not necessarily
static and could continue to evolve due to the instability of the low-
energy interactions that bind the gel network. The ageing process of
hydrogels is one of the parameters that must be carefully evaluated
when manufacturing a product to be used in different applications. In
fact, it has been observed that viscosity decreases after storage (Ahmad,
Ahmad, Manzoor, Purwar, & Ikram, 2019; Shewan & Stokes, 2013).

Recently, we highlighted that the degradation of CM can be slowed
down by the presence of a small amount of lemongrass essential oil,
which has antioxidant activity (Cuomo, Iacovino, Cinelli, et al., 2020;
Cuomo, Iacovino, Messia, et al., 2020).

Considering the interest in chia mucilage for various applications, it
seems to be of key importance to provide experimental evidence for the
change in the microstructure of the biomacromolecule over time and to
link the structural changes to the amount of water adsorption observed
at the macroscopic level. In this work, a structural study performed by
FTIR spectroscopy, small angle X-ray scattering (SAXS), rheology and
microscopy on CM hydrogels is reported. The role of biopolymer con-
centration and preservation over time was evaluated. Our main focus
was to understand the initial structure of CM and the changes that occur
after several days of ageing. Therefore, in this study a multi-technical
approach was used to make important evaluations on the structure of
chia along with the induced ageing effects.

2. Materials and methods

Materials. Chia seeds (Salba grain organic) were obtained from L.P.A.
s. r.l. Industria Prodotti Agroalimentari (Viterbo, Italy). Milli-Q water
(18.2 MQ) was employed for all the experiments.

Mucilage extraction from chia seeds. Chia seeds were weighted
and placed in a vessel with ultrapure water in a 1:20 (w/w) ratio for 12 h
to extract CM. The CM was recovered through vacuum filtration with a
Buchner funnel, frozen at —40 °C and then freeze-dried under vacuum in
a Genesis 25 ES (VirTis, NY, USA) for 48 h (maximum shelves’ tem-
perature 20 °C). After freeze-drying, CM had the aspect of a dried foam

and was stored at room temperature.

Samples preparation. The freeze-dried CM was dispersed in warm
milli-Q water (50 °C) under stirring until complete disappearance of
macroscopic aggregates. CM suspensions were stored in glass containers
with Teflon-lined caps analyzed immediately (fresh) and after 10 days
(aged). After the preparation the samples were stored at 25 °C at
ambient condition.

Infrared spectroscopy (IR). The FTIR spectra were acquired in
transmission mode from KBr pellets, over the 4000-400 em™! wave-
number interval with 4 cm ™! instrumental resolution, by a Perkin Elmer
Spectrum2000R FTIR spectrometer.

Rheology. Rheological measurements were carried out using a
rheometer (Haake MARS III-Thermo Scientific, Karlsruhe, Germany)
equipped with a 20 mm cone (1° angle) plate geometry probe (CP20).
The instrument was equipped with a Peltier element combined with a
Phoenix II digital system (Thermo Scientific, Karlsruhe, Germany) for
the temperature control. Samples (40 pL) were left equilibrating for 5
min before measurements (Cofelice et al., 2019). Rotational tests were
carried out in controlled rate varying the shear rate from 1 to 200 s™1,
Oscillation strain sweep measurements were carried out for determining
the linear viscoelastic range (LVE) at a fixed frequency of 1 Hz. Fre-
quency sweep tests were performed using a fixed strain (y = 0.003)
within the LVE and in a range of frequency from 0.1 to 10 rad s!. The
storage (G') and loss moduli (G”) were determined as a function of fre-
quency (Cuomo, Cofelice, & Lopez, 2019; Mezger, 2006).

Scanning Electron Microscopy (SEM). SEM experiments were
performed using a high-resolution scanning electron microscope
(ZIGMA, Carl Zeiss) based on the GEMINI column, which features a high
brightness Schottky field emission source, beam booster, and in-lens
secondary electron detector. The micrographs were acquired on un-
coated samples with an acceleration potential of 1 kV and a working
distance of about 3 mm. All the samples were analyzed after freeze-
drying treatment. All the micrographs were analyzed with an image
processing software (ImagelJ, v.1.49. p) (Schneider, Rasband, & Eliceiri,
2012) in order to evaluate the fibers’ diameter distribution (more than
100 fibers for each sample were measured) according to a procedure
already reported in the literature (Hotaling, Bharti, Kriel, & Simon,
2015).

Optical Microscopy. A Nikon Eclipse Ti-S Inverted Microscope was
used to obtain optical micrographs of the liquid dispersions. All mea-
surements were performed using an objective with a 10x magnification.

Small-angle X-ray scattering. Small-angle X-ray scattering (SAXS)
measurements were performed using a HECUS S3-Micro (Kratky cam-
era) equipped with two position-sensitive detectors (PSD-50M) con-
taining 1024 channels of 54-pm width. Cu Ka radiation, 1 = 1.542 A, was
provided by a GeniX (Xenocs, Grenoble) X-ray generator (sealed-tube
type, microfocus), operating at power of 50 W customized whit a high-
brillance microbeam delivery system with point-focus multilayer optics
(FOX3D; Xenocs, Grenoble, France) able to remove Cu K radiation. The
sample-to-detector distance was 281 mm and the volume was kept under
vacuum during the measurements to minimize scattering from the air.
The Kratky camera was calibrated using silver behenate, which is known
to have a well-defined lamellar structure (d = 58.34 10\) (Blanton et al.,
1995). Scattering curves were acquired in a hot-glue sealed borosilicate
glass capillary tube at 25 °C in the g-range 0.014-0.55 A1, where q=
2m/\ sinf is the scattering vector at a scattering angle of 20. The tem-
perature was controlled by a Peltier element, with an accuracy of

+0.1 °C. The contribution of the capillary tube/water was subtracted
out from all curves considering the relative transmission factor. Des-

mearing of the SAXS curves was not necessary because of the sophisti-
cated point microfocusing system.

3. Results and discussion

Chia physical gels were obtained by dissolving freeze-dried CM in



water. Freshly prepared CM hydrogels were compared with analogous
samples stored at room temperature for 10 days. A visual inspection of
the freshly prepared hydrogels revealed a significant turbidity
enhancement, as well as important viscosity increase, as the weight
fraction of mucilage increased (Cuomo, lacovino, Cinelli, et al., 2020).
The freeze-dried mucilage of chia seeds used for this study contains
about 75% of fibers and 10% of proteins. For yield of extraction and
proximate analyses see elsewhere (Cuomo, lacovino, Messia, et al.,
2020).

3.1. Composition

IR spectroscopy was used to identify the functional groups involved
in water binding and to compare freshly prepared and aged hydrogels.
The IR spectra of the freeze-dried chia mucilages are reported in Fig. 1a.
Fig. S1 shows the second derivatives, which provides better resolution of
the signals.

As shown, the typical bands for polysaccharides dominate, which is
consistent with the composition of the mucilages (Lin et al., 1994) and
previous literature on chia mucilage (Ellerbrock, Ahmed, & Gerke,
2019; Garcia-Salcedo, Torres-Vargas, del Real, Contreras-Jiménez, &
Rodriguez-Garcia, 2018; Goh et al., 2016). The broad band around 3400
em™! corresponds to the O-H stretching of hydrogen-bonded O-H
groups, including that of adsorbed/hydration water. The asymmetric
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Fig. 1. (a) IR spectra of CM hydrogels freshly prepared (black line) and after
ageing for 10 days (red line). (b) Difference spectrum between CM fresh pre-
pared and after ageing. (For interpretation of the references to colour in this
figure legend, the reader is referred to the Web version of this article.)

and symmetric C-H stretching appears at 2923 cm ™' and 2854 cm ™2,
respectively. At 1630 cm™!, the water deformation band merges with
the signal of the asymmetric stretching of the COO™ group of uronic
acids at 1596 cm™! in the 2nd derivative spectrum (Fig. S1), while the
COO~ symmetric stretching is at about 1420 cm ™! and overlaps with the
bending of the CH, group (Kacurakova & Wilson, 2001).

The strongest signal is the envelope in the 1200-900 cm™! range of
COH bending signals, stretching vibrations of C-O and C-C bonds, and
asymmetric C-O-C stretching of both sugar rings and glycosidic links
(Kacurakova & Wilson, 2001). The characteristic band of the
beta-anomer appears at 897 cm ™!, in agreement with the configuration
reported for xylose in CM polysaccharides (Lin et al., 1994).

Comparison of the IR spectra for CM before and after aging,
normalized to the intensity of the CH stretching bands (Fig. 1b), shows a
decrease in the intensity of the signals from carboxylate groups and, in
particular, the band in the 1200-900 cm ™! range, possibly reflecting in a
decrease number of glycosidic linkages. On the other hand, the peaks at
about 1550 ¢cm™! and in the 1400-1200 cm™! range appear more
distinct. These signals may be attributed to the non-polysaccharide
portion of the material, particularly to slight protein contamination, as
these positions correspond to the amide II and amide III bands of the
protein backbone, respectively (Timilsena et al., 2016). Similar IR
spectral variations were reported for the outer region of a freeze-dried
chia mucilage droplet and attributed to oxidation processes. A varied
composition of the organic matter in the outer region of the droplet
likely results in increased C—=0/C-O-C and reduced C-H/C=O ratios
toward the droplet rim (Ellerbrock et al., 2019).

3.2. Mechanical properties and morphology

The characteristic polysaccharide composition of CM is responsible
for hydrogel formation and its rheological behaviour (Read & Gregory,
1997). Fig. 2a shows the apparent viscosity of CM hydrogel as a function
of the shear rate. As can be seen, viscosity either for fresh or aged CM
decreased with the shear rate, showing shear thinning behavior. Overall
viscosity of aged CM was lower than fresh CM, indicating that the
characteristics of the hydrogel were modified by ageing. Moreover, os-
cillations at high shear rate detected only in the aged sample indicated
slippage phenomena due to the very unstable structure. The viscoelastic
performance of polymers depends on the degree and functionality of
interactions. The plot of the elastic (G') and viscous (G”) moduli versus
the applied deformation (y) at time O and after 10 days for a sample at
1% CM concentration is reported in Fig. 2b. As shown, when the storage
time increases from 0 to 10 days, the hydrogel elastic response (G')
decreases and the LVE was reduced (upper strain limit of LVE was
around 0.052 for fresh CM and around 0.013 for aged CM), indicating
the occurrence of phenomena that destabilize the hydrogel network.
Frequency sweep tests (Fig. 2¢) carried out on fresh samples and on aged
counterparts show that after 10 days the gel-like behavior of the CM
hydrogels is preserved since the storage modulus (G') is still higher than
the loss modulus (G”) despite the decrease of their absolute values.

Rheological results prompted us to further characterize the
morphology of CM hydrogels as prepared and after 10 days ageing by
means of scanning electron microscopy. The micrographs of freeze-dried
chia seed mucilage before and after dispersion in water (1 wt%)
immediately after sample preparation are reported in Fig. 3.

The micrographs of lyophilized CM in Fig. 3a and ¢ show the pres-
ence of aggregated laminar foils due to the extraction procedure as
previously described (Tavares, Junqueira, de Oliveira Guimaraes, & de
Resende, 2018). The CM 1 wt% water dispersion (Fig. 3b and d) shows
two different populations of fibers with a dimension of around 20 and
500 nm, respectively (see distribution in Fig. S2 and Table S1, SI file).
This morphology comes from the disentanglement of the polysaccharide
chains in water, and is responsible for the peculiar rheological properties
of these systems. Salgado-Cruz and co-workers reported a fiber diameter
ranging from 15 to 45 nm (Salgado-Cruz et al., 2013). Other authors
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Fig. 2. Rheological response of CM hydrogels at a concentration of 1 wt% as prepared (black symbols) after 10 days of ageing (red symbols). (a) Viscosity curves
through rotational tests, (b) strain sweep and (c) frequency sweep of CM hydrogels. (For interpretation of the references to colour in this figure legend, the reader is

referred to the Web version of this article.)

Fig. 3. SEM micrographs at different magnifications (1 kX and 5 kX) showing the freeze-dried CM after the extraction procedure (a, ¢) and after the preparation of

the 1 wt% dispersion (b, d).

found cellulose fibers of 3.5 nm width and 10 nm length (Nakagaito &
Yano, 2004). The discrepancy detected for fibers dimension could be
ascribed to the different approach used for the dispersion of CM in water
or the different sample preparation before microscopy experiments.

The SEM micrograph for aged 1 wt% CM dispersion shows an evident
modification of the fibers network and morphology (Fig. 4b). In
particular, a more disentangled network and less defined fibers’ struc-
ture are revealed. Similar results come from optical micrographs (Fig. 4c
and d), showing a different morphology of the 10 days aged sample if
compared with the as prepared analogous. In particular, the aged sample
shows less defined fibers and a higher amount of inhomogeneity degree.

The morphological changes observed upon ageing can explain the
different mechanical behavior of CM water dispersions as passing time.
The outcomes of rheology and inspection are in agreement with previ-
ous works that proved mucilage breaks down toward a water-like sub-
stance over an ageing of two weeks (Van Veelen, Tourell, Koebernick,
Pileio, & Roose, 2018) and this change from a higher to a lower viscosity
system was ascribed to the degradation of mucilage to a more aqueous
gel-like network (Naveed et al., 2017).

3.3. Microstructure

SAXS analysis was carried out on chia physical hydrogels prepared

using three polymer concentrations (0.2, 1 and 2 wt%) at time 0 and
after 10 days ageing. Fig. 5 reports the scattering curves for all the
investigated systems together with the best fits obtained using the cor-
relation length model (Hammouda, Ho, & Kline, 2004), while Table 1
lists the parameters obtained from the fitting. In this model, which has
been used with some slight modifications to describe the structure of
entangled charged polymer chains (Carretti, Matarrese, Fratini,
Baglioni, & Dei, 2014), the scattering intensity, I(q), is calculated as:

I(q) = -+ bkg @

_c
1+ (q¢)

where m is the Lorentzian exponent, C is a scale factor, ¢ is the corre-
lation length for the polymer chains or mesh size and bkg is an instru-
mental background. The Lorentzian exponent characterizes the
polymer-solvent interactions (Saffer et al., 2014) and is inversely pro-
portional to the excluded volume parameter, v = 1/m. In particular, m =
5/3 refers to polymers in a good solvent (monomer-solvent interaction is
more favourable than monomer—-monomer interaction), for m = 2 the
monomer-solvent and monomer-monomer interactions are equal in
strength (theta solvent condition) and m > 2 corresponds to a state
where the polymer is collapsed (i.e., bad solvent case).

It is worth noting that the correlation length model gives valuable
results for polymer solutions in the semi-dilute regimes (Yukioka, Higo,



Fig. 4. SEM micrographs (magnification: 10 kX) of CM fibers in water (1 wt%) (a) as prepared and (b) after 10 days of ageing. (¢, d) optical micrographs

(magnification: 10x) for fresh and aged CM dispersions.
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Fig. 5. Scattering curves in arbitrary units for fresh (black markers) and aged
(red markers) CM water dispersions (0.2 wt%, 1 wt% and 2 wt%) along with the
best fits obtained using the correlation length model (continuous lines). (For
interpretation of the references to colour in this figure legend, the reader is
referred to the Web version of this article.)

Noda, & Nagasawa, 1986). In our systems, the critical concentration of
chain entanglement C*, which ideally sets dilute from semi-dilute re-
gimes, was calculated by taking the reverse of the intrinsic viscosity, 1/
([nD (Cuomo, Iacovino, Messia, et al., 2020), and resulted 0.25 g/L (i.e.
0.025 wt%). This value is in good agreement with previous findings
(Timilsena et al., 2016), and we can claim that the investigated CM
dispersions are in the semi-diluted regime (Hammouda et al., 2004;

Table 1

Parameters obtained from the fit of the scattering curves using the correlation
length model. Values in parentheses are standard deviations on the last signif-
icant figure.

0 days (fresh)

10 days (aged)

0.2% 1% 2% 0.2% 1% 2%
scale 0.005(3) 0.51(1) 2.26(6) 0.25(3) 0.43(1) 0.779(9)
bkg 0.053(2) 0.026(3) 0.054(4) 0.101(2) 0.01(2) 0.01(2)
C 475.1(9) 12.26(6) 8.75(5) 14.01(9) 11.5(5.3) 12.7(6)
13 &) 43(2) 35(1) 42(1) 78(2) 50(2) 52(1)
m 2.18(7) 2.11(4) 2.23(3) 1.88(4) 2.10(2) 2.14(2)
Ve 2.4 1.7 1.5 1.4 1.6 1.6

Paladini et al., 2019; Saffer et al., 2014).

The results reveal that the correlation length (€) increases with the
ageing of the samples. The correlation length corresponds to a mesh (or
“blob”) size characteristic of the polymer concentration/conformation.
Indeed, the disassembly of the polymer network observed by microscopy
leads to a less entangled structure with the formation of less packed
regions. The exponent m is roughly 2 for all samples, independently from
the ageing time and/or concentration of CM in water. m depends on the
balance between the polymer/polymer and polymer/solvent in-
teractions (Hammouda et al., 2004). The m value found for our CM
samples indicates that the polymer-solvent and polymer-polymer in-
teractions are comparable in strength corresponding to a theta solvent
situation.

It is also possible to obtain a good fit of the experimental SAXS
profiles using the flexible cylinders model (Pedersen & Schurtenberger,
1996). The good agreement between fit and experimental points is re-
ported in Fig. S3. This approach has been already reported in the liter-
ature for analogous systems, as for example dispersions of cellulose
nano-fibrils in water with different concentrations (Paladini et al.,
2019; Schmitt et al., 2018). In this work, the authors describe the Kuhn
length as directly associated to the mesh size of the gel network. In our
case, the values obtained for the diameter of the fibers range from
around 2 to 3 nm while the Kuhn length is between 4 and 8 nm.

The importance of the rheological and size characterization on the



gelatin gels microstructure evolution was previously reported by Tosh
et al. (Tosh, Marangoni, Hallett, & Britt, 2003). The authors demon-
strated that gelatin gels could be manipulated by adjusting the setting
temperature. The SAXS data, together with the mechanical properties
that highlighted a decrease of the resistance of the hydrogels after 10
days of storage, suggested by means of the complex viscosity analysis the
different morphology of the samples observed also by the detailed mi-
croscopy study that lead us to confirm that CM hydrogels is affected by
ageing modifications most probably connected with oxidation processes
accompanied by chain scission of the pristine polysaccharides (White,
2006), as confirmed by IR results reported in this study. This is in
accordance with our recent studies where we proposed a fluorimetric
method to prove oxidative/autooxidative phenomena based on thermal
activation of heat-labile azo compounds (Cuomo, Iacovino, Cinelli,
et al., 2020; Cuomo, Iacovino, Messia, et al., 2020). On the same line
Hernandez-Morales et al. (Hernandez-Morales et al., 2019) exploited the
oxidative susceptibility of CM for the green synthesis of Ag nanoparticles
starting from silver nitrate. In particular, the authors highlighted the
synergistic occurrence of the oxidation of polysaccharides and the
reduction of Ag.

Although bacterial contamination cannot be a priori excluded for
longer period of time, in our experimental conditions also in view of
previous experimental evidences, CM degradation has to be considered
the real key role that induces the observed modifications.

At the same time, it cannot be excluded that a number of age related
phenomena could operate simultaneously and interactively. Consid-
ering that chia mucilage seems to offer high potentiality in food tech-
nologies like gelling, thickening and coating, the matrix evolution
induced by time should be not necessarily considered a harm (Saha &
Bhattacharya, 2010). Finally, one also should bear in mind that most of
the biotechnological fields in which chia is implied require the use of
freshly prepared dispersions of the polysaccharide. However, from this
investigation, we outlined the importance of ageing effects occurring
after some days of conservation on the structural modification.

4. Conclusions

In this investigation, we studied the effect of polymer concentration
and ageing on the mechanical properties of chia mucilage hydrogels.
Rheological characterization highlighted that ageing destabilizes the
hydrogel network. Indeed, the hydrogel elastic modules (G') decreases
and the linear viscoelastic range is reduced, as well as the viscosity
shows a decrease of the resistance to flow of the viscoelastic fluid. This
behavior can be correlated with a structural change observed by mi-
croscopy, in particular the formation of less entangled and packed
structures. This was further confirmed by SAXS analysis, which helped
us to find that the correlation length (i.e., mesh size) of the hydrogel
network increases with the ageing of the samples. In view of the wide
range of chia mucilage potential applications in food industry, consid-
ering the variability of the mucilage composition depending on its origin
and on the production procedure, the crucial role of ageing could
represent a significant information for food processing involving chia
polymer.
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