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Abstract: The consumption of fiber in the human diet is a global recommendation to ensure a
healthy diet. Quinoa (Chenopodium quinoa Willd.), a gluten-free grain, and chia (Salvia hispanica),
a seed, contain high fiber content and both have the potential to be explored in the development of
nutraceutical and pharmaceutical formulations. An interesting characteristic of chia is its ability to
form viscous mucilage when in contact with water, bringing the prospect of a binder in solid
formulations. To produce tablets with a high fiber content, it is more appropriate to transform the
material into granules using a wet process, with the help of a tool that exploits this possibility.
Therefore, the objective of the present work was to study, using the Mixer Torque Rheometer, the
feasibility of using chia as a binder to produce granulated quinoa and the development of chewable
tablets. To this end, an experimental design was carried out to evaluate the impact of variables on
the rheometer results for subsequent granulation. It was possible to obtain the granulation point for
the formulations and after producing the granules, physical tests were carried out in which we
noticed improvements in the flow. In the end, a formulation was selected for the development of
chewable tablets containing quinoa and chia fibers.

Keywords: quinoa; chia; fibers; granulation point; chewable tablets; chia mucilage

1. Introduction

Quinoa (Chenopodium quinoa Willd.) is a gluten-free grain, widely cultivated in South America,
especially in the Andes region, and consumed for thousands of years by local populations. Its
cultivation has spread in some European countries, as well as Australia and China, and has been
increasingly used in the diet and has an incomparable nutritional value [1,2], with outstanding levels
of protein, dietary fiber, vitamins, minerals, balanced concentration of essential amino acids, among
many other benefits [3,4].

Furthermore, another interesting food, this one from Central America, is chia (Salvia hispanica),
a protein-rich seed also having a high fiber content, widely used by the Aztec and Mayan civilizations
as food and which also contains vitamins and minerals [5-7]. One of the most outstanding
characteristics of chia is its ability to form a viscous mucilage in contact with water, which can be
exploited in the development of food, nutraceutical, and pharmaceutical formulations [5,8].

Both quinoa and chia offer a great perspective in the food market and are currently part of the
effort to develop new fiber-rich food products [9-11]. The inclusion of quinoa and chia as a source of
fiber in nutraceutical and pharmaceutical products is still a challenge to be faced. However, for the
development of formulations containing quinoa, it is necessary to extract saponins from the grains,
due to the bitter residue in the oral mucosa [12]. On the other hand, chia has a pleasant sweetness in

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202312.0236.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 December 2023 doi:10.20944/preprints202312.0236.v1

contact with water or in the presence of any other food and the high nutritional value of this seed can
be complemented if incorporated into a formulation containing quinoa [13].

Therefore, given the growing interest in including more fiber in the diet, a practical form of
consumption would be a supplement containing quinoa and chia in the form of chewable tablets. It
is worth remembering that the dietary fiber content in quinoa is from 3.0-10.7% and chia is from 18.0-
30.0% [14-16].

One point that will be explored in the present study is the ability of chia to act as a binder for
large amounts of quinoa to form a granule. Chia can form mucilage in contact with water and has a
viscous liquid characteristic that can be an excellent binder for formulations that require the wet
granulation step. On the other hand, to produce the pharmaceutical form of tablets, whose active
ingredients are in high proportion and the flow is not adequate, it is necessary to include the wet
granulation step, which is a process of aggregating smaller particles into larger particles, by using,
for this purpose, a binding agent [17,18]. To obtain granules, it is important to determine the
granulation point, by establishing the binding agent and the volume of liquid to be added. They must
also present acceptable properties and characteristics to promote the excellent flow of the granulate
so that tablets with adequate compressibility and compactability can subsequently be produced
[17,19].

A tool that has been explored to determine the granulation point of pharmaceutical formulations
is wet powder rheometry [18,20]. The equipment is the Mixer Torque Rheometer (MTR) which, by
simple programming the method and weighing 15-22 grams of each sample, is capable of indicating
the granulation point by the relation of torque (Nm) versus Binder Ratio (mg.mL). At the end of the
experiment, a curve is generated indicating the volume of liquid to be used to obtain a granulate
[21,22]. The physical characterization of solid particles (powders and granules) is essential for the
mixing process (system homogenization), especially if the material is an integral part of the
formulation. Tests such as flow properties, true density, and mechanical resistance can bring excellent
results on the behavior and performance of granules.

Considering the gap in the scientific literature regarding the use of chia as a binder in
nutraceutical and pharmaceutical formulations, the objective of the present work was to study, using
torque rheometry, whether it is feasible to use chia, in powder form, as a binder for the production
of quinoa granules, to obtain a formulation made of fibers for consumption.

2. Materials and Methods

2.1. Material

Quinoa grains and chia seeds were purchased from the Brazilian market (Taeq, Sao Paulo,
Brazil) and processed to carry out the characterization study until the production of chewable tablets.
Furthermore, microcrystalline cellulose - Avicel® PH101 (DuPont, Wilmington, USA) and purified
water were used in the study.

2.2. Methods

2.2.1. Quinoa Washing, Drying and Grinding

For eliminating saponins from the grains, quinoa (350 grams) was submerged in a stainless-steel
container with purified water in a ratio of 1:7 m/v (quinoa: water) for 48 hours at room temperature,
with replacement of the water every 12 hours. After this treatment, the grains were washed twice (in
the same proportion) with purified water at 40 °C. Afterward, washing was completed with the same
proportion of water at room temperature. Subsequently, the grains were put into an oven (Fabbe-
Primar, Sao Paulo, Brazil) for drying at 50 °C for 6 hours, followed by grinding for 3-5 minutes in an
IKA A 11 Basic mill (IKA, Staufen, Germany) until obtaining a fine powder. The powder obtained
was subjected to further drying in an oven for 3 hours. Humidity was monitored using a Moisture
Analyzer (Mettler Toledo, Greifensee, Switzerland) considering a residual water content between 1-
3%.
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2.2.2. Chia Grinding

The chia seed was ground for 3-5 minutes in an IKA A 11 Basic mill (IKA, Staufen, Germany)
until a fine powder was obtained. The powder obtained was dried in an oven (Fabbe-Primar, Sao
Paulo, Brazil) at 50 °C for 1 hour. Humidity was monitored using a Moisture Analyzer (Mettler
Toledo, Greifensee, Switzerland) considering a residual water content between 1-3%.

2.2.3. Particle Size Analysis

The determination of the particle size of ground quinoa and chia was carried out using the laser
diffraction Particle Size Analyzer 1090 (Cilas, Orleans, France). For both samples, the Fraunhofer
method was used [23] with operation in dry mode using the following parameters: ultrasound of 10
seconds, obscuration of 21%, frequency of 20 Hertz (Hz), pressure of 500 millibars (mb), measurement
and cleaning time of 30 and 15 seconds for quinoa and chia, respectively. To complement it, SPAN
was calculated, an independent model, which helps provide data on sample homogeneity [18]. The
results were obtained from the average of six measurements, calculated by the SizeExpert® software.

2.2.4. Powder Flow Assessment
The flow of ground quinoa and chia samples was analyzed according to the methodology
described by Da Silva et al., [24].

2.2.5. True density

Tests for quinoa and chia powders and granules were carried out to evaluate the true density of
the material by applying the methodology described by Da Silva et al., [18]. The sample amount did
not exceed two-thirds of the Microcell volume (4.5 cm3) and the calculation was carried out in g/cm3.

2.3. Design of Experiments

A fractional experimental design was used (Tables 1 and 2), with the aid of the Statistica 13.0
software (Dell Inc., United States), to quantitatively evaluate the quinoa, the diluent (microcrystalline
cellulose PH101) and the chia binder in the composition of the formulations. The experiments were
performed in triplicate.

Table 1. Variables and respective levels (-1, 0, +1) used in the fractional factorial experimental design.
Amounts are described in parts.

. Level
Variable 1 0 1
Quinoa 20 40 60
Microcrystalline Cellulose PH101 10 20 30
Chia 2 15 20

Table 2. Test matrix with fractional factorial of (3*!) with 9 formulations. Amounts in parts with their
respective weighing values in grams and percentage.

Run Quinoa Microcrystalline cellulose PH101 Chia
Part  grams % Part grams % Part Grams %
9 60 8.18 54.55 30 4.09 27.27 20 2.73 18.18
3 20 4.62 30.77 30 6.92 46.15 15 3.46 23.08
8 60 10.98 73.17 20 3.66 24.39 2 0.37 244
6 40 8.33 55.55 30 6.25 41.67 2 0.42 2.78
5 40 8.00 53.33 20 4.00 26.67 15 3.00 20.00
4 40 8.57 57.14 10 2.14 14.29 20 4.29 28.57
2 20 5.00 33.33 20 5.00 33.33 20 5.00 33.33

doi:10.20944/preprints202312.0236.v1
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1 20 9.38 62.50 10 4.69 31.25 2 0.94 6.25
7 60 10.59 70.59 10 1.76 11.76 15 2.65 17.65

2.4. Mixer Torque Rheometer Equipment

The Mixer Torque Rheometer MTR (Caleva, Dorset, England) was investigated in the studies by
Belem & Ferraz, 2020 and Da Silva et al., 2022 [18,25]. The methodology applied herein was multiple
additions, 25 points with successive additions of 1 mL water, mixing time (60 seconds), data collection
time (20 seconds), and weight of each sample (15 grams) (Supplementary Materials: Video S1). At the
end of the experiment, a curve was generated indicating the liquid/solid ratio for each experiment.

2.5. Statistical Analysis

The results were statistically analyzed using Statistica 13.0 software (Dell Inc., United States).
An analysis of variance (ANOVA) was applied with a significance level of 5% (p = <0.05) and Pareto
and response surface graphs were generated.

2.6. Granule Production

From the rheometry results, granules of the 9 formulations were produced according to the
procedure described by Da Silva et al. (2022) [18], with sufficient drying time to obtain a residual
moisture of 1-3% (Moisture Analyzer - Mettler Toledo, Greifense, Switzerland).

2.6.1. Granules Characterization

The granules were characterized by their flow properties, true density, optical microscopy [18],
particle size distribution, and granule resistance [26].

2.7. Production of Chewable Tablets

The tablets were produced on a Lemaq rotary compression machine - LM08D Mini Express
(Lemaq, Sao Paulo, Brazil) in a 16 mm punch. R8 (high amount of quinoa) was selected with
approximately 800 mg of quinoa per tablet. During the process, parameters such as average weight,
hardness, thickness, diameter, friability, and disintegration time were monitored according to
specifications required by the American Pharmacopoeia [27].

3. Results and Discussion

3.1. Particle Size of Quinoa and Chia

The average particle size of quinoa was 13.50 um and the distribution curve demonstrated a
possible agglomeration, with a bimodal and polydisperse behavior. On the other hand, chia showed
a broad particle distribution curve (66.84-377.38 um) with an average size of 186.50 um. Both quinoa
and chia indicated a heterogeneous type of material (Figure 1 and Table 3), which is when the material
presents a wide range of particle sizes, with chia being the one that most represents the homogeneous
system with the result closest to the SPAN (=1). This perspective of homogeneity is considered
appropriate when values are closer to 1 [28]. However, the equipment has a scale limitation and chia
may have been harmed due to the reading range during the analysis. However, as our results
indicate, 90% of the particles are below 377.38 um. This may be due to the fibrous material
characteristic of obovoidal to ellipsoidal shape with a rounded base and apex of chia seeds. When it
was processed (ground), the irregular shape became a characteristic of the powder with many fibrous
furrows remaining [13].
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Figure 1. Histogram of the particle size distribution of quinoa and chia samples.

Table 3. Values of d10%, d50%, and d90%, mean and + standard deviation, and span of quinoa and
chia samples obtained from dry particle size analysis.

Samples do dso doo Average Span

Quinoa powder  1.31+0.01 7.09+0.30 37.60+0.19 13.50+0.07  5.12

Chia powder 66.84+2.15 135.30+3.47 377.38+5.52 186.50+3.66  2.29
The characteristics of pharmaceutical powders are essential to determine the specifications and
ensure that they follow the product batch to batch. One of the main points is to determine the particle
size, especially the input that makes up the largest amount in the formulation. In this case, in very
small particles, wet granulation will certainly be part of the production process, because the influence
of small particles in the direct compression step can considerably affect the compressibility and

compactability of the powder [29].

3.2. Flow Properties and True Density of Powders

In Table 4, we demonstrate the results of flow properties and true density. According to the
specifications of the American Pharmacopoeia [27], the values are not indicative of adequate flow to
produce formulations with excellent flow capacity, compactability, and compressibility.

Table 4. Flow of samples: apparent density (g.mL-1), compressed density (g.mL-1), Carr Index (IC%),
Hausner’s Ratio (RH), and true density (g.mL-1) + standard deviation.

Samples Appar.ent Compr(-essed Carr Index Hausrfer s Tru.e
density density Ratio density
Quinoa 0504005 0824001 39.02+001 1644011 1519+0.001
powder
Chia powder  0.44+0.01 0.59+0.01 2542+0.02 1.34+0.01 1.330+0.010

In addition to determining the particle size characteristics of a material, we must ensure good
flow properties of the formulation. Based on the results presented in Table 4, it is possible to state
that the process of producing chewable tablets by direct compression is not viable. Regarding true
density, quinoa presents higher values when compared to chia. When a material has a low-density
characteristic, especially when present in large amounts in the formulation, it is likely that these
properties will face challenges about compactability and compressibility, especially when dealing
with fibrous material such as quinoa [29,30].

3.3. Mixer Torque Rheometry (MTR)


https://doi.org/10.20944/preprints202312.0236.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 December 2023

doi:10.20944/preprints202312.0236.v1

When observing the rheological profiles, the torques differed considerably, as did the amount
of water used for each experiment. When using chia as a binder in formulations with a high fiber
content (quinoa), a viscous dispersion behavior occurs that was capable of acting as a binder, forming,
regardless of the concentration used, the aggregation of the particles of all planned formulations
(Figure 2 and Table 5).

In each experiment, as the syringe dispensed water into the powder mixture in the rheometer
compartment, a swelling process occurred which, in the case of chia, the powder in contact with water
formed a viscous dispersion (mucilage) helping to aggregate the particles.
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Figure 2. Calculated mean (duplicate) of multiple additions in MTR for different proportions of
quinoa, MCC PH101 (diluent), and chia (binder).
Table 5. Average maximum torque (Nm), liquid/solid ratio (mL/g), and water volume at the
granulation point of the experiments and + standard deviation.
Run Average Torque (N.m) Average Binder Ratio (mg/mL) Average Water Volume (mL)
R1 0.440 + 0.051 0.733 £ 0.200 11.00
R2 0.415 + 0.036 0.634 +0.034 9.00
R3 0.739 £ 0.013 0.967 £ 0.034 14.00
R4 0.366 = 0.006 0.567 +0.034 9.00
R5 0.431 + 0.005 0.634 +0.034 10.00
R6 0.475 + 0.087 0.800 + 0.067 12.00
R7 0.383 £ 0.025 0.600 £ 0.067 10.00
R8 0.435 £ 0.060 0.767 £0.167 11.00
R9 0.441 +£0.017 0.667 + 0.067 10.00

Quinoa particle size differs from chia and MCC PH101 (average 42.52 um) [18]. For this reason,
each rheological profile showed a different behavior in both torque and water volume. When it comes
to quinoa powder, a study showed that small particle sizes had a greater swelling capacity, that is,
the original volume increased [9]. We observed that this behavior corroborated the study carried out
herein. On the other hand, although quinoa particles are smaller than those of MCC PHI101,
Formulations R3 and R6 absorbed the highest amount of water and this is a characteristic of cellulose,
present in higher concentrations in these two cases.
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MCC PH101 is widely applied in wet granulation and is known to aid granule strength [31].
When evaluating the rheological profiles (Figure 2), it is possible to observe that the peaks with the
highest torques are those having a high concentration of MCC PH101 (R3 and R6). However, for
formulations having a greater amount of MCC PH101, it is not necessary to add more binder to obtain
more resistant granules, as chia fulfills its role even in a small proportion. From what can be seen,
regardless of the concentration of chia used, the minimum amount (approximately 2%) is sufficient
to form mucilage and agglutinate the particles to reach the capillary phase.

3.3.1. Statistical Analysis

From ANOVA, the model without two-way interactions generated the results for comparing the
variables, with values of p>0.050 for Torque N.m (p=0.885 for quinoa, p=0.817 for diluent and p=0.796
for binder) and Ratio mL/g (p=0.879 for quinoa, p=0.765 for diluent and p= 0.645 for binder). To
measure the relationships between torque and ratio variables and what they represent, the
quantification of the correlation coefficient (R2) indicated for Torque (N.m) an R2=0.92304 and for
Ratio (mL.g) an R2=0.84599. As a result, the model explained that there is no influence of the amount
of quinoa, diluent, and binder on the Torque and Ratio responses, as demonstrated in the Pareto
graphs presented in Figure 3.
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Figure 3. Pareto graphs that represented the analysis of variance of torque and ratio parameters.

However, the response surface graphs demonstrated that the diluent concentration had an
impact on the amount of water required to obtain the granulation point. As can be seen in Figure 4,
both for torque (N.m) and water (mL), the results indicated that an increase in the concentration of
microcrystalline cellulose in the formulation seems to be able to influence the torque and volume of
water required to reach the granulation point. For the water response (mL), it is possible to observe
that the diluent required a greater volume of water to reach the granulation point when the
proportion of quinoa was lower. On the other hand, for the chia binder, it was observed a well-
distributed water demand, regardless of the amount of quinoa used.

The volume of water determined at the granulation point (Table 5) was lower for lower
concentrations of the diluent, that is, microcrystalline cellulose seems to condition the amount of
water required for granulating the mixtures, as indicated in Figure 4. The use of such an excipient in
granules and tablets is interesting since it is a material that contributes to substantially improving the
cohesiveness and compactability characteristics of formulations [32].

It is important to highlight that for chia, even higher concentrations of powder are used, and the
water demand to reach the granulation point was not impacted, remaining practically the same
(Table 5). This aspect is very interesting because the binder does not require greater amounts of water,
which is desirable in wet granulation. It is worth noting that all water added to the formulation must
be later removed by drying, that is, the smaller the amount of water, the shorter the drying time
required.
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Figure 4. Response surface graphs that indicated the effect on Torque (N.m) with diluent-quinoa (A),
the effect on Torque (N.m) with binder-diluent (B), the effect on Torque (N.m) with binder-quinoa
(C), the effect on Torque (N.m) with the diluent-binder (D). Likewise, the response surface graphs
that indicated the effect on Water (mL) with diluent-quinoa (E), the effect on Water (mL) with binder-

diluent (F), the effect on Water (mL) with quinoa-binder (G), the effect on Water (mL) with the binder-
diluent (H).

One of the highlights of this work is the fact that the concentration of quinoa in the formulations
had no effect on the torque and amount of water for reaching the granulation point. Furthermore, it
should be noted that to supplement fiber in the diet, it is necessary to use high amounts thereof, thus
the obtaining of granules with a large amount of quinoa will enable the large-scale production of

tablets having high doses of dietary fiber.

3.4. Granule Production

After the study using MTR, the formulations were prepared individually as illustrated in Figure
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Figure 5. Design for granulate production.

During the process of producing granulates, it was observed that formulations containing chia
in high concentrations (R2, R3, and R4) were more difficult to pass through the sieve after adding
water and this may be due to the formation of excess mucilage. Visually, it seems that it is not
necessary to add high concentrations of chia to obtain the granulation point.

3.5. Physical Characterization of Granules

3.5.1. Granule Flow and True Density

The granule flow and true density results of the formulations are presented in Figure 6.
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Figure 6. Granule flow (Carr Index %, Hausner Ration) and true density of the formulations
determined in the DoE.

For a tablet formulation to have adequate compressibility and compactability, the flow mustn't
negatively impact the process. In this sense, an essential critical attribute is the cohesion of the
formulation, considered significant in the manufacturing process of any solid pharmaceutical form
[30,33]). When the flow of a material is considered suitable for formulation development, it means
that in the compressibility stage, the particles will have an affinity to adhere to each other, mainly
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due to the size and shape of the particles being one of the factors that most contribute to this behavior
[30,34].

The formulations that exhibited exceptional flow properties, with a value of < 15%, were R8, R7,
and R6, respectively. The other formulations have a reasonable flow rate or assistance is required,
which in both cases can be solved with the addition of excipients that help with the fluidity of the
powder, for example, a rheology promoter such as silicon dioxide [35], a diluent to aid filling and
compressibility such as microcrystalline cellulose, lactose or co-processed products [36], and
lubricants such as magnesium stearate [37].

The true density of the formulations is similar and R4 stood out with a lower density among
them, which could be due to the lack of balance in microcrystalline cellulose and the presence of chia
in high amounts in the mixture, corroborating that chia has a low density as shown in Table 4.

3.5.2. Granulometric Distribution and Granule Strength

The granulometric distribution of the formulations is presented in Figure 7, where it is possible
to verify that R8, R1, and R9 were those that stood out concerning the efficient production of a
granulate, presenting a better distribution in the range of 1.18 to 0.8 mm, which represents a suitable
size for the granules.
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Figure 7. Granule resistance tests were carried out on sieves before and after the friability of the
formulations.

Another important characteristic of the granulate is its resistance shown in Figure 7 and Table 6,
where it is possible to verify that R2, R3, R9, and R8 have greater resistance. However, it is important
to emphasize that R2 did not stand out in particle size distribution, thus being considered an
inappropriate formulation.

It is interesting to note that R8 contains 73.17% quinoa with only 2.44% chia as a binder, which
makes it a standout among the formulations with the best particle size.

Table 6. Particle size distribution in the range of 1.18-0.80 mm before and after the friability test.

Granules Mass Retention Before Mass Retention Difference in Mass
Friability (%) After Friability (%) Retention (%)
R1 41.00 33.00 8.00
R2 28.10 26.90 1.20
R3 31.50 29.20 2.30

R4 35.10 30.00 5.10
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R5 26.40 21.60 4.80
Ré6 32.40 24.60 7.80
R7 28.20 24.50 3.70
R8 48.10 45.70 3.40
R9 40.59 37.30 3.29

3.5.3. Optical Microscopy

The diameter values of the granules for each formulation are represented in Figure 8. As it is a
fibrous material, we can observe that there are no spherical granules but rather irregular ones, with
a variable polydispersity index, which is possibly a characteristic of this type of material [38]. It is
noted that the granules are heterogeneous and have a wide size range varying from 439.00 to 1000.00
um in average size.

K b
.

P

766.21 jum e

966.91 pm

; e ¢
800.44 nim 446.30 ym 1040.71 pm

Figure 8. The average size of the granules in optical microscopy with 3.0 and 4.0x objectives, which
represent an increase of 30 to 40x, respectively. The amplitude of the captured image (in width and
height) varies from 1500 to 2500 pm.

Given the results presented, we noted that it is necessary to work with wet granulation for the
fact that quinoa is an integral part of the formulation. As a result, the characteristics of the quinoa
powder observed in Table 4 and Figure 3 (poor flow and small particle size), in a direct compression
process, would not enable efficient production, since the cohesion of the powder would not be
sufficient to form tablets. The investigation into wet powder rheometry using chia as a binder
highlighted the significant role chia plays in the granulation of powders. Although some granulated
formulations still require assistance with the addition of an excipient to avoid compromising the flow,
as a whole, chia seems to be an excellent binder for formulations containing fibers. By using chia
acting as a binder in quinoa, the formulation acquires qualities rich in fiber content, making it suitable
for daily consumption as recommended by health authorities.

3.6. Production of Chewable Tablets

Our results showed that the transformation of quinoa and chia powders into granules was able
to significantly improve their flow characteristics and, among the formulations, we selected RS,
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which contains a greater amount of quinoa and a lower concentration of chia for binding (Figure 9).
This demonstrates that a higher concentration of chia is not necessary to aggregate particles from a
considerable volume of quinoa. By using just 2% chia, we can obtain excellent physical properties of
the granulate. In this way, it was possible to enable the production of a batch of chewable tablets
which, during the production process, all parameters were measured and controlled as described in
the American Pharmacopoeia [27].

Average weight
(mg): 1.800,00 +
1.25

“»

© «u Average thickness
s . (mm): 8.50+0.07

Average Friability
(%): 0.58 £ 1.12

Average
Disintegration
Time (s): 0.76 +

2.10

Average hardness
(KgF): 8.70 +1.90

Figure 9. Chewable tablets (R8) produced by wet granulation from the rheometer study (MTR).

5. Conclusions

Given the rheological studies conducted herein, it is possible to verify that chia (Salvia hispanica)
can act efficiently as a binder, allowing the obtaining of granules with a high concentration of quinoa,
which can then be used in tablet formulations for use as a dietary fiber supplement.

Chia has an interesting attribute of aggregating quinoa particles, and the chia-quinoa
combination has fibrous characteristics that can increase the fiber content for consumption. To
aggregate the particles, chia mucilage efficiently promotes the granulation point of formulations with
varying concentrations of quinoa, which means that chia can be an excellent material binder that is
an integral part of a formulation, regardless of the concentration applied.

Chia can be considered a dispersing agent to bind a fibrous material, such as quinoa. Both quinoa
and chia can be used to develop chewable tablets.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Video S1: Wet Granulation Using Chia as a Binder to Form Quinoa Granulate.
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