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Abstract

In order to propose a process for the elaboration of Biofilms, different solutions were formulated using as a base a natural
polymer with gelling capacity combined with rosin derived from a forest resin (Pinus teocote) as a potential antifungal and
antibacterial agent, useful for the improvement and extension of shelf life of fresh fruit and vegetable products. Based on a
completely randomised statistical design, the concentration of rosin was evaluated in order to assess if there is a significant
effect on the formation of biofilms and their conservation capacity during the post-harvest stage of fresh produce, using the
casting method for its elaboration. The results indicate that the use of this type of biofilms favours preservation by providing

resistance to microorganisms such as fungi thanks to the use of colophony, which means that they can be used efficiently to
improve and extend shelf life.
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Resumen

A fin de proponer un proceso para la elaboracién de Biofilms, se formularon diferentes soluciones utilizando como
base un polimero natural de capacidad gelificante combinado con colofonia derivado de una resina forestal (Pinus
teocote) como agente potencial antimicético y antibacterial, Gtil para la mejora y extension de vida util de
productos frescos hortofruticolas. Basados en un disefio estadistico completamente al azar, se evalud la
concentracion de colofonia con la finalidad de valorar si existe efecto significativo sobre la formacion de los
Biofilms y su capacidad de conservacion durante la etapa postcosecha de los productos frescos, usando el método
de casting para su elaboracion. Los resultados indican que, el uso de este tipo de Biofilms favorece la conservacion
otorgando resistencia a microorganismos como hongos gracias al uso de la colofonia por lo que puede ser
empleadas de manera eficiente para el mejoramiento y alargamiento de la vida util.
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Introduction

Man has always had the need to preserve food, given its seasonality and susceptibility to micro-organisms
or other external agents. Over the last few centuries, humans have used a wide range of preservation
techniques, the most primitive of which are currently used under the name of traditional technologies.

Therefore, food preservation is approached as the process that goes from obtaining or producing
the food, through a series of hygienic and technological conditions required for the organoleptic and
sanitary evaluation for the purpose of consumption. Regardless of the fact that the objective has always
been to guarantee the survival of human beings, the availability of a wide variety of food in attractive
conditions throughout the year and at affordable prices is nowadays the responsibility of food
preservation. For this reason, the search for and development of alternatives that improve and extend the
shelf life of foodstuffs for much longer continues. These include emerging technologies that are less
damaging to the overall quality of the food and more environmentally friendly.

In the face of the impending economic crisis and rapid population growth worldwide, the issue
of preserving safe and nutritious food is of vital importance in Mexico because of its recognition in the
production of fruit and vegetable products with highly promising growth prospects, mainly for the export
market. This last aspect, motivated by the need to expand the market and national competitiveness, has
determined the technification and intensive use of preservation technology.

In this context, the need and opportunity for alternatives that address the most technologically
relevant aspects is justified; the basic principles of each of the materials to be used are explained in order
to establish central aspects of their possibilities and expectations.

This chapter describes the formulation and use of Biofilms combined with a forest resin to extend
the shelf life of a fruit and vegetable product as an improvement option.

Edible coatings

To control the spoilage effects of fruit and vegetable products and extend post-harvest life, traditional
techniques and emerging technologies, or a combination of them, have been applied (Leon et al., 2021).
Among the lines of research addressed in the emerging technologies group is the use of biopolymers
Table 1 for the development of active biodegradable edible materials that have applications in the food
industry. One of these materials are edible coatings also called Biofilms or films, which can be defined
as materials that are not consumed, but come into contact with the food to form a continuous, protective
layer. The application of coatings with antimicrobial, antioxidant, enzymatic, gas and vapour barrier,
flavourings, among others, has been shown to improve the shelf life, safety, post-harvest preservation
and organoleptic quality of the products that contain them.

In a study carried out by Solano-Doblado et al. (2020), they evaluated the use of polymeric
components for the formation of the structural matrix of biofilms together with other components that
improve their characteristics, highlighting sodium alginate as the best.

Table 1
Compounds of polymeric nature

Polysaccharide Features Source of review
Starches Composed of two polymeric molecules, amylose and amylopectin with | Fama et al., 2005
excellent properties to form strong, isotropic, odourless, tasteless and
colourless biofilms. Good mechanical properties.

Alginatos Macromolecule extracted from brown algae, non-toxic, biodegradable, | Hurtado et al., 2020;
biocompatible, water-soluble biopolymer with improved chemical, | Avendafio-Romero et
physical and biological properties.. al., 2013

Source: Own elaboration
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As mentioned, biofilms and edible films are an alternative to improve and prolong the quality of
food during pre- and post-harvest handling, processing, transport and storage. The difference between a
film and a biofilm is the way they are made and their application on the food. A film is a thin layer of
edible material, formed separately and placed on a level surface for later use Figure 1, while a Biofilm,
Figure 2, is applied on the surface of a food, either by immersion in a solution or by spraying (Oliveira
et al., 2017; Sharma and Rao, 2015; Arredondo-Ochoa, 2012; Espino-Diaz et al., 2010). These are made
up of three components: the polymer, the solvent and finally the plasticiser (Solano-Doblado et al., 2020).

Figure 1
Graphical representation of an antimicrobial edible film based on alginate and rosin

Source: Own elaboration

Although the use of coatings in the food industry has been around for years, this process is
nowadays becoming increasingly important, mainly in the improvement of the shelf life of food. For this
reason, it has been demonstrated through research that the potential objective of Biofilms is based on
offering a series of benefits related to the surface properties of the food, such as gloss, fat adhesion and
aroma transfer, or in relation to the shelf life of the food, preserving it from attack by microorganisms,
since Biofilms usually have antimicrobial properties as mentioned above. Although the main function is
protection, it can also offer other advantages. For example, improving the presentation of certain
products, contributing to the equivalence of the mechanical properties of foodstuffs, reducing the waste
of perishable products on a daily basis, among others.
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Figure 2

Graphical representation of the formulation, application and function of the spray-on biofilm on a fruit and vegetable
product
Source: Own elaboration
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Methodology

Experimental material

To set up the Biofilms, three components and an antimicrobial agent were used as a base: polymer
(sodium alginate) Sigma-Aldrich brand, distilled water as a solvent, plasticiser (glycerine) Karai brand
(cH20HCcHOHCH20H) of molecular weight 92.09 g/mol and rosin obtained from a forest resin (Pinus
teocote) treated by hydrodistillation.

Procedure for the elaboration of the Biofilms

In the formulation of the biofilms, sodium alginate, glycerine and resin were used as raw materials,
considering different compositions in order to physically evaluate the rigidity and flexibility of the
biofilm and thus define the technique best suited to the product under study for its subsequent
characterisation. The process conditions are described in Figure 3.

Experimental design for the formulation of the Biofilms
The research was carried out at laboratory scale based on a completely randomised statistical design. The

concentration of rosin obtained from a forest resin (Pinus teocote) was evaluated as a potential antifungal
and antibacterial agent in the formation of biofilms.

Box 4
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— -— HEATING
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Figure 3
Description of the procedure used for the formulation of the Biofilms

Source: Own elaboration
Determination of the formulation of the Biofilms

The study of the formulations consisted of a base mixture for the formation of the natural polymer
(alginate-distilled water), established through preliminary tests taking as a starting point the
concentrations of plasticiser (glycerin) of 5 and 50 g/L used in edible coatings made from the use of a
polysaccharide described by Versino et al. With the data identified in the review, it was established that
the minimum concentration of plasticiser to be used is 30 g/L and the maximum concentration is 50 g/L,
converting the concentrations to %P/V considering 100 mL of solution as the volume of the mixture, 3,
4 and 5 % P/V of plasticiser were considered.

The studies were focused on the behaviour of the use of rosin, so the concentration of the polymer
and plasticiser were kept constant as shown in Table 2.
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Table 2
Compounds used for the different formulations of the Bofilms

Formulation | Polysaccharide % | Plasticiser % | Resin (rosin) %
1 2 4 0.5
2 2 4 0.3
3 2 4 0.2

Sodium alginate was used, characterised by constituting a structural matrix that allows an edible
biofilm with transparent and homogeneous characteristics to be obtained. From this, different mixtures
were formulated following the procedure described in Figure 3, where concentrations of 2 % of the
polysaccharide (Sigma-Aldrich brand sodium alginate) food grade were considered over 100 mL of
distilled water placed in a convection grill with agitation, Prendo brand, model PCA-1500. The agitation
time was 20 minutes at 85 °C maintaining constant agitation, then the resin (Colophony) was dissolved
using as solvent glacial acetic acid of Karai brand (chsCOOH) with molecular weight of 60.05 g/mol
food grade 1 mL (0.01%) then added to the solution (water-alginate) and 4% glycerin Karai brand
(cH20oHcHOHCH20H) of molecular weight 92.09 g/mol maintaining constant agitation for 10 minutes. The
final mixture obtained for the formation of the Biofilms was made using the solution-emptying casting
technique described by Sayyar et al. (2017) , by pouring the mixture into Petri dishes of 9 cm diameter,
placing 50 mL of the solution and dried in a Felisa incubator, model FE-133AD with serial number
1312031 at a temperature of 35°C for approximately 15 hours.

Biofilms were removed from the plates manually Figure 4 and stored in airtight bags wrapped in
wax paper to prevent moisture gain or loss and to prevent natural light from affecting the active
compounds present in the biofilms.

Rest at temperature and

time '
—) ——)

Polymer + plasticiser + rosin o )
blend Biofilm formation

Figure 4
Solution-emptying technique on casting plate

Source: Sayyar et al.,2017 with some modifications

Results

It was demonstrated that sodium alginate has special characteristics in the development of biopolymeric
matrices, which allowed obtaining a biofilm with a transparent, homogeneous appearance and flexible
texture.

Among the components used to improve the properties of the biofilm was the incorporation of
glycerol, which acted effectively when applied directly to the solution; however, it has a different
behaviour when applied to the product by spraying than by immersion or the so-called "casting method"
as shown in Figure 5, where it is observed that the biofilm tends to migrate significantly, respectively.



Figure 5
Application of Biofilm on a fruit and vegetable product, a) spraying, b) casting

Conclusions

The formulation using sodium alginate as a natural polymer showed compatibility with the different
components to form the biofilm. It showed easy solubility in distilled water and affinity with the
plasticiser used. However, many of the functionalities of the biofilm are conditioned by the study of its
interaction with each of the substances mentioned in the methodology.

Three rosin solutions were prepared considering 0.5, 0.3 and 0.2% (w/v) using distilled water as
solvent for its subsequent incorporation into the biopolymer mixture for the formation of the Biofilm,
however, the chemical composition of the rosin does not have affinity with the solvent Figure 6. It was
therefore necessary to use glacial acetic acid for the preparation of the solutions and the addition of the
rest of the components until a homogeneous mixture was obtained for the formation of the biofilm.

Figure 6
Rosin solutions in distilled water a) 0.5%, b) 0.3%, c) 0.2%

Source: Own elaboration
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