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Food granulation as a sustainable and survival means

La granulacion de alimentos como medio sustentable y de supervivencia
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Abstract

The consumption of avocado is of great importance in the
daily diet of the human being, since this fruit contains high
levels of Omega 3 and various vitamins (B6, B9 and E)
and minerals (magnesium, iron, zinc and phosphorus).
Today, Mexico is one of the main avocado producers
worldwide. However, the high demand and the low
production of this fruit makes the price of avocado more
expensive and, therefore, the Mexican population reduces
its consumption and seeks nutritional alternatives. For this
reason, this research aimed to propose the manufacture of
solid avocado tablets (based on pharmaceutical
techniques) by granulating and compacting the dehydrated
powder of this fruit. This was carried out under a mixed
approach by applying quantitative and qualitative
technologies to systematic, critical and empirical
processes in order to choose the best granulation
technique, the ideal binder and the type of compaction to
use to achieve solid tablets using dehydrated avocado
powder. This tablet aims to preserve the same nutrients as
natural avocado and reach all sectors of the population to
generate a sustainable and human survival environment.
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Resumen

El consumo de aguacate es de gran importancia en la dieta
diaria del ser humano, ya que esta fruta contiene niveles
altos de Omega 3 y diversas vitaminas (B6, B9 y E) y
minerales (magnesio, hierro, zinc y fosforo). Hoy en dia,
México es uno de los principales productores de aguacate
a nivel mundial. Sin embargo, la alta demanda y la escasa
produccion de esta fruta provoca que el precio del
aguacate sea mas caro y, por ende, la poblacion mexicana
reduce el consumo de este y busca alternativas
nutricionales. Por tal motivo, esta investigacién tuvo como
objetivo proponer la fabricacion de pastillas sélidas de
aguacate (con base en técnicas farmacéuticas) mediante la
granulacién y compactacion del polvo deshidratado de
esta fruta. Esta fue realizada bajo un enfoque mixto al
aplicar tecnologias cuantitativas y cualitativas a procesos
sistematicos, criticos y empiricos con la finalidad de
escoger la mejor técnica de granulacidn, el aglutinante
ideal y el tipo de compactacion a utilizar para lograr
pastillas solidas mediante polvo deshidratado de aguacate.
Esta pastilla pretende conservar los mismos nutrientes que
el aguacate natural y llegar a todos los sectores de la
poblaciéon para generar un medio sustentable y de
supervivencia humana.
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Deshidratacion de alimentos,

Aglutinante
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Introducction

A study by the UN revealed that more than 820
million people usually go to bed hungry in the
world, therefore, the sustainability of the food
system must be a primary objective worldwide.
Likewise, it is necessary to effect a profound
change in the international agri-food system,
since approximately 1,300 million tons of food
(produced for human consumption) is wasted or
lost. United Nations [UN]. (s.f.) and
Sustainability. (s.f.).

Today, Mexico is one of the main
avocado producers worldwide. However, and
according to statistical data published by
PROFECO, in the month of July there is a
considerable increase in the price of this fruit in
the country, due to high demand and low
production due to climatic changes, worker
strikes, etc. Therefore, the production of
dehydrated avocado powder could be an
economical solution when the production of this
fruit is lower in the country. Since, the
dehydration of the avocado prevents the
oxidation of fats, the decomposition of the
compounds and, therefore, does not lose its main
nutritional properties. Barria, C. (2019),
PROFECO (2019) and Ramos Solis, R. (2006).

Year | Avocado price to the consumer in Mexico

(in pesos)
2012 39 (2
2013 45 (£2)
2014 43 (£2)
2015 40 (£2)
2016 57 (£2)
2017 72 (x2)
2018 57 (£2)
2019 75 (£2)

Table 1 Price of avocado to the consumer in Mexico
during the month of July 2012-2019
Source: PROFECO, (2019)

However, this product would present
economic losses for its manufacturers, because
they must turn to nutrition experts to indicate the
ideal amount of avocado powder to consume per
meal. Likewise, the powdered avocado could
present losses in its packaging. For these
reasons, an alternative to solve these problems
could be the manufacture of solid avocado
tablets by granulating and compacting the
dehydrated powder of this fruit based on the
pharmaceutical techniques wused in the
manufacture of solid oral dosage forms.
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This alternative could be carried out by
substituting the powder of the active ingredient
of the drug for the dehydrated avocado powder
during the pharmaceutical granulation process.
However, in order to achieve successful avocado
tablets, the moisture percentage of the
dehydrated avocado powder, the speed of binder
addition during granulation, binder viscosity,
levels of use of the binder in granulation, the
different techniques to obtain granules must be
considered. and the compaction of granules to
generate solid tablets of oral dose.

Methodology

This research has a mixed approach which
applies quantitative and qualitative technologies
to systematic, critical and empirical processes.
The application of the quantitative method was
necessary for the analysis of cause and effect in
sequential processes in order to predict a
hypothesis. To control this research, descriptive,
correlational and explanatory fields must be
combined taking into account the environment
of the phenomenon, in such a way that there is a
correlation  between variables for easy
understanding. It should be noted that this
research requires a non-experimental study,
since the changes over a certain time were
analyzed by observing the phenomenon in its
natural context. For this reason, it was necessary
to apply the qualitative method, since it allows
to deepen about the phenomena related to the
problem, proposing possible results of the data
obtained under an inductive process;
contextualizing the topic with the use of primary
research sources such as: written materials
(books, newspaper articles, notes), as well as
web pages. Hernandez, 2010, p.275.

Methodology used to obtain avocado powder
Dehydration of avocado paste

Previous studies determined that avocado
powder and natural avocado have almost the
same nutritional contribution (Omega 3,
vitamins B6, B9 and E and the minerals
magnesium, iron, zinc and phosphorus), because
the biomolecules present are almost in the same
proportions. This can be confirmed by using the
following methodologies. Avocado calories:
energy value in 100 g and nutritional sheet. (May
21, 2019) and Ramos Solis, R. (2006).
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First, a ripe avocado must be selected
without any type of plague in order not to affect
its sensory characteristics. Subsequently, the pit
and peel are separated from the avocado pulp. In
the next step, the avocado pulp milling is done to
increase the mass and heat transfer area of the
avocado pulp to obtain a paste of 904 g / cm?®.
The paste obtained from grinding is placed in the
dehydrator containers, taking care that the paste
does not exceed 2 cm in thickness. Ramos Solis,
R. (2006).

By following the steps above, the pasta
must go through a cooling process before
dehydration. At this stage, a refrigeration
chamber (1-5 ° C) should be used for at least one
hour to achieve adequate cooling. When the
product is in contact with cold air it releases
energy to the surrounding environment and thus
this leads to a temperature gradient causing a
conductive heat transfer from the core to the
surface and a phase change (crystallization of
water). On the other hand, on the surface of the
product there is a transfer of water between the
product and its surroundings, because the
concentration of water vapor in the surrounding
air is less than the concentration of water vapor
in the air in equilibrium. Therefore, the cooling
process  limits  the  development  of
microorganisms and prevents oxidation of the
avocado paste by lowering its temperature below
its freezing point. Mulot, V., Benkhelifa, H.,
Pathier, D., Ndoye, F.-T., & Flick, D. (2019) and
Ramos Solis, R. (2006).

Lastly, the containers containing the
avocado paste are dehydrated in a freeze dryer
(under the sublimation principle). Drying by
freeze drying is used in foods that spoil or
undergo changes in their structure due to the
high temperatures used in conventional drying
methods. For this experimentation, the drying
time of the avocado paste was in different time
intervals (2-10 h). Among the parameters to
control in dehydration, the pressure in the
vacuum chamber of the lyophilizer must be less
than atmospheric (between 450x10° and 50x10°
% mbar) and the minimum temperature of the
freeze-dryer condenser should be -40 ° C. Ramos
Solis, R. (2006).
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Analysis of the pharmaceutical techniques for
obtaining avocado granules

Granulation process

Wet granulation is the most widely used
technique in the pharmaceutical industry,
because it enables the use of little fluid, less
compressibility and, therefore, elegant, safe and
effective pharmaceutical products such as tablets
and capsules are achieved. This technique is
developed in three stages: wetting-nucleation,
growth-consolidation  and  wear-breakage.
During wetting, binder liquid is added to the
powder mixture. Nucleation begins with the
formation of small granules. During these stages,
the binder spreads by capillary action and the
growth of the granules is dependent on viscous
forces. Excellent wetting and nucleation depend
on various parameters, for example, the nature,
amount and properties (viscosity, density,
wettability, solid-liquid contact angle) of the
binder. Likewise, the growth of the granules is
influenced by the degree of saturation of the
pores with the binder. In the same way, the
coalescence and consolidation step represent the
growth and densification of granules due to
collisions and, therefore, this step influences the
porosity of the granules. Lastly, the wear and
tear step occur when the granules break due to
impact, wear or compaction in the granulator.

On the other hand, among the different
wet granulation techniques, the ones commonly
carried out in the industry are "HSWG" high
shear granulation, "FBG" fluidized bed
granulation and "TSG" twin screw granulation.
Arndt, O. et al. (2018), Dirig, T., & Karan, K.
(2019), Suresh, P., Sreedhar, 1., Vaidhiswaran,
R., & Venugopal, A. (2017) and Thapa, P.,
Tripathi, J ., & Jeong, SH (2019).

High cut granulation "HSWG™

HSWG is one of the most widely used
techniques in the pharmaceutical industry
because its process is short in time, presents
denser granules, requires less binder compared
to other techniques, etc. Furthermore, several
types of excipients are compatible with this
technique.
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However, this granulation technique has
some disadvantages, for example, the
mechanical degradation of brittle particles, the
chemical degradation of materials sensitive to
high temperatures and the possible formation of
lumps due to excess humidity. In the same way,
this technique presents several critical
parameters that have a great relevance in the
physical and mechanical properties of the final
granules. Suresh, P. et al. (2017) and Thapa, P.,
Tripathi, J., & Jeong, S. H. (2019).

Twin screw granulation " TSG"

TSG is a continuous technique that involves
kneading the powder mixture using two
interlocking co-rotating screws encased in a
barrel with powder and liquid injection ports.
The powder mixture and granulation liquid is
conveyed along the screw to achieve
granulation. This process is good for heat
sensitive materials and the yield percentage of its
granules is 98%. This technique presents a
higher load of the active principle of the drug
and, therefore, enables the efficient mixing of
the starting materials, the distribution of the
binder solution during the wetting phase and the
densification of the granules formed. However,
any variation in screw length, geometry and
diameter can affect the properties of the granules
and thus the properties of the tablet. Suresh, P. et
al (2017), Thapa, P., Tripathi, J., & Jeong, S. H.
(2019) and Wang, L. G. et al (2020).

Fluidized bed granulation "FBG"

This technique consists of a nozzle, a solution
delivery system, and compressed air to atomize
the liquid binder. In the FBG, a distributor plate
allows to retain the dust in the container, while
the filters (at the top of the column) allow the air
to pass through and, on the other hand, these
filters prevent the solid particles from escaping.
After the powder is fluidized, the binder solution
is sprayed (via spray nozzles) onto the fluidized
bed to begin agglomeration of granules. Finally,
the granules are dried by blowing air through the
system. In FBG, the agglomeration rate is guided
by operating parameters, for example, spray
speed, fluidization speed, nozzle position, and
atomizing air pressure. In the same way, this
technique is suitable in heat sensitive materials
and the percentage of yield of its granules is
99%. On the other hand, this process requires
little energy to dry large surfaces.
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However, FBG requires more liquid
solution during the process which generates
highly porous granules. Arndt, O. et al. (2018),
Askarishahi, M. et al. (2019), Suresh, P. et al.
(2017) and Thapa, P., Tripathi, J., & Jeong, S. H.
(2019).

Parameters of the most common binders in
wet granulation

In wet granulation, the suitable binder must
possess adequate surface wetting capacity in
order to ensure optimum adhesion and cohesion
between interparticulate surfaces in the wet
state. Therefore, the ideal binder produces dense,
uniform granules with low friability and a high
degree of compactness.

In the pharmaceutical industry,
hydroxypropylcellulose "HPC", methylcellulose
"MC", ethylcellulose "EC", povidone "PVP" and
partially gelatinized starch "PGS" are the most
used binders. On the one hand, HPC is used with
water, hydroalcoholic solvents, and polar
organic solvents. The typical use level of this
binder is 2-6% and it exhibits 2% viscosity 5, 8
and 12 cps (respectively). On the other hand, MC
is used with water or hydroalcoholic solvents.
Typical use level for this binder is 2-10% and has
a 2% viscosity 15 cps. Likewise, EC is used with
polar and non-polar organic solvents, not soluble
if the water exceeds 20% of the total solvent. The
typical use level of this binder is 2-10% and it
exhibits 5% viscosity 4, 7, 10, 14 and 22 cps
(respectively). Similarly, PVP is used with
water, hydroalcoholic solvents, and polar
organic solvents. Typical use level for this
binder is 2-10% and it exhibits 5% viscosity 2,
2.5, and 55 cps (respectively). Lastly, PGS can
be used with water only, it also acts as a
disintegrant, effective use levels are mostly
higher than other binders and the typical use
level for this binder is 2-15%. Dirig, T., &
Karan, K. (2019) and Yeager, J. et al. (2011).

Transformation of granules into avocado pills
using a tablet press

Granule compression (using a Natoli BLP-16
rotary tablet press) is a process performed by
punch filling, metering, pre-compression, main
compression, tablet ejection, and bottom punch
removal. Once the granulated mixture is fed into
the die, the dosing stage is adjusted to achieve
the dosing position.
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The granule is then locked between
the punches (upper and lower) during pre-
compression and main compression until
ejection of the tablet is achieved. The pre-
compression stage is very useful because it
removes the air trapped in the die and
reorganizes the packaging of particles. Likewise,
the main compression stage compacts and,
therefore, transforms the granulated powder bed
into a tablet. Su, Q. et al. (2019).

Results

Table 2 shows the results of the drying
experimentation by the lyophilization method.
At the end of the drying process, an amount of
avocado powder of 30-35% is obtained in
relation to the avocado mass applied in the
process. Ramos Solis, R. (2006).
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Table 2 Percentage of moisture based on dehydration time
Source: Ramos Solis, R. (2006).

Discussion of results

Optimum dehydration times range from four to
six hours, because after six hours of dehydration
it would be necessary to apply less heat (less than
20 ° C) to the containers and this would cause
the product to become highly hygroscopic. In the
same way, if dehydration is handled for one to
three hours, it would cause damage to the
nutritional and organoleptic properties of the
avocado, since it would be necessary to apply
more heat (greater than 35 ° C) to the containers.
Ramos Solis, R. (2006).

During the granulation process of
avocado powder, a technique that can work with
heat-sensitive materials is required, because the
powder of this fruit requires specific temperature
parameters (20-35 ° C) in order not to lose its
nutrients. For this reason, FBG and TSG would
be the indicated granulation techniques to obtain
successful avocado granules. On the one hand,
FBG requires low energy requirements when
drying the granules and this technique allows
controlling the various operating parameters.
However, this process requires more liquid
solution to form successful granules which could
result in wetter and therefore porous granules.
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On the other hand, the granules formed
by TSG present a higher load of the active
principle of the drug, but the mechanism of this
technique is difficult to control because any
variation in the length, geometry and diameter of
the screw could affect the properties of the
granules. Therefore, FBG would be the most
suitable technique to achieve successful avocado
granules, as this process allows control of spray
speed, fluidization speed, nozzle position and
atomizing air pressure. Likewise, the use of
more binder liquid in FBG would not be a key
factor in the formation of avocado granules,
because dehydrated avocado has very low
moisture percentages.

On the other hand, the most indicated
binder to use in FBG would be Povidone, since
this binder can be used with water,
hydroalcoholic solvents and pure polar organic
solvents. Using PVP during FBG would be
excellent, as this binder features ultra-low
viscosity grades and allows high solution
concentrations (20%) during the process.
Finally, in this study the solid avocado pills
would be rectangular in shape due to the design
of the rotary tablet press.

Conclusions

In this study, the manufacture of solid avocado
pills has been proposed so that the nutrients of
this fruit reach all sectors of the world. However,
the substitution of the powder of the active
ingredient of the medicine for the dehydrated
powder of the avocado (in pharmaceutical
processes) could present a great challenge for the
manufacturers of these pills, due to all the
variables and parameters that must be considered
to achieve pills. solid successful. For this reason,
in this study the use of FBG has been proposed
to achieve the correct agglomeration of the
avocado powder, because this technique would
not alter the final properties of the avocado
granules by being able to control the process
parameters. Also, the use of Povidone during
FBG was proposed, since the properties of this
binder are compatible with FBG and, therefore,
the use of PVP would allow the obtaining of
successful avocado granules during granulation.
On the other hand, in this study the use of a
rotary tablet press (Natoli BLP-16) has been
proposed to obtain solid avocado tablets.
However, the avocado granules could be
compacted with different compaction presses,
for example the TDP 5 tablet press.
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This study is consistent with the article
"The granulation process: practical experiences"
by Capdevila, J. (1993), since granulation allows
improving the hygienic quality of the food, less
separation of ingredients during the process and
easier for the storage and transport of
agglomerates. However, this technique has high
production costs and, based on the latest poverty
measurement in Mexico prepared by Coneval
(2018), 52.4 million poor people were
registered. Therefore, food granulation as a
sustainable and survival means could be a
challenge in Mexico. Capdevila, J. (1993) and
Lozano, L. (2019).
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