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Abstract

The preservation of food has been essential throughout human history. One way to preserve food is through natural coatings,
which also inhibit contamination compared to plastic packaging. In this work, some physical-mechanical properties of
biofilms made from forest resins were determined, which were formulated with different concentrations of 2%, 3%, and 5%
of rosin, with the aim of determining the best concentration of rosin. To do this, hardness, maximum strength, elongation,
color, water activity and moisture were measured. The results allowed us to determine that the best concentration in the
formulations of the biofilms was 3% rosin. This suggest that forest resins can be a source of protection in food through
biofilms, reducing the negative environmental impact caused by the use of other contaminating materials.

Objetives Methodology Contribution

Characterization of biofilms
formulated with three concentrations of
rosin

To produce natural biofilms with
acceptable color characteristics and
good mechanical properties.

W "

Color, water activity, mechanical
properties and  moisture  were
evaluated.

Characterize, rosin, biofilms

Resumen

La conservacion de los alimentos ha sido primordial durante la historia del hombre, una forma de preservar los alimentos
son los recubrimientos naturales ademas de que se inhibe la contaminacién en comparacion con empaques de plastico. En el
presente trabajo se determinaron algunas propiedades fisico mecanicas de las biopeliculas elaboradas a base de resinas
forestales, las cuales se formularon con concentraciones distintas de 2 %, 3% y 5% de colofonia, con la finalidad de
determinar la mejor concentracion de colofonia. Para ello se midid la dureza, fuerza maxima, elongacién, color, actividad de
agua y humedad. Los resultados permitieron determinar que la mejor concentracion en las formulaciones de las biopeliculas
fue de 3% de colofonia. Lo cual sugiere que las resinas forestales pueden ser una fuente de proteccion en los alimentos
mediante biopeliculas disminuyendo el impacto ambiental negativo por uso de otros materiales contaminantes.

Objetivos Metodologia Contribucién

Producir biopeliculas naturales
con caracteristicas aceptables en
color y buenas propiedades
mecénicas

Caracterizar biopeliculas
formuladas con tres
concentraciones de colofonia

Se evaluo color, actividad de agua,
propiedades mecénicas, humedad.

Biopelicula, colofonia, caracterizacion



Introduction

Fresh produce such as fruits and vegetables play an important role in the food supply, however they have
a short shelf life and considerable post-harvest losses are generated, so significant efforts have been made
to improve food preservation and as this remains a challenge, research on biofilms applied to food to
increase food preservation has recently increased. It has been estimated that the annual global loss ranges
from 28-55% of the total production which is equivalent to $750 billion (Karoney et al., 2024).

While some packaging is able to isolate the environment that can harm food, it is ultimately
expensive or generates pollution through the use of materials such as petroleum, plastics and others.
Therefore, there is currently a growing interest in developing packaging films based on biopolymers and
natural bioactive substances (Rao et al., 2023).

Biofilms are made with various materials such as carbohydrates, proteins or lipids, in order to
function in the development of high barrier properties against the migration of oxygen, carbon dioxide,
flavouring compounds and water vapour, in various studies have added plant extracts, forest resins
improving the physical and mechanical characteristics (Solano et al., 2018; Rao et al., 2023).

On the other hand, in order to improve the properties of biofilms, forest resins have been used, it
is known that pine forests provide a wide range of marketable products such as wood, firewood, pine
nuts, bark and resins (Lemaitre, 1999).

These resins have a wide range of applications in the industry, therefore in this work, forest resin
was applied as a compound in the formulation of biofilms with the aim of extending the shelf life in post-
harvest when applied to saladette tomatoes. In this chapter, the characterisation of biofilms made with
three different concentrations of rosin will be addressed in order to determine the effect of the addition
of forest resins on the properties of texture, colour, pH, aW of the biofilms.

Edible biofilms

Biofilms are an alternative to replace synthetic polymeric materials (Gonzalez et al., 2017) by using
biodegradable materials as edible coatings are made up of polysaccharides, proteins and lipids. Based on
their structural material, they have been classified into hydrocolloids (polysaccharides and proteins),
lipids and composites (Mellinas et al., 2016) (Figure 1). Their main function is to act as a barrier in the
transfer of gases (O2, COz and volatile compounds), moisture, light and nutrients (Vazquez, 2020).

However, an important advantage is that they can carry active ingredients such as antioxidants
(Morales-Olan et al., 2022), antimicrobials, flavourings and colourings, which give the film and coating
a greater capacity to preserve and improve product quality (Acevedo et al., 2015).

Edible biofilms could decrease the environmental damage used by thermoplastics, and previous
research has demonstrated the potential of these materials to improve the shelf-life of food by reducing
the mechanical damage caused during post-harvest handling and product conditioning (Persin et al.,
2011; Gonzélez et al., 2015).

The advantages of the application of edible coatings on food is to reduce the alteration of its
preservation, among the most outstanding is that they are safe for health, simple technology is required
to elaborate it, they are protective of the physical and chemical action and improve the mechanical
properties to preserve the texture and prolong the shelf life (Fernandez et al., 2015).
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Figure 1
Classification of edible films based on their structural material
Source: Morales and Moreno, 2022

Forest resins

Forest resin is an exudate as a defensive system of the Pinaceae, a family that includes pines (Pinus) and
firs (Picea), among other trees. The resin is a mixture of diterpenes, toxic to herbivores and pathogens
(Phillips and Croteau 1999, Vazquez et al., 2012). Resin is produced in ducts called resnipheral canals
in the form of tubes by secretory epithelial cells that produce and exude resin into the light (Raven, 1980,
Véazquez et al., 2012).

The resin is a solution of rosin in turpentine. By means of the distillation process, it can be
separated by its volatility, for which different alternatives have been developed focused on achieving
higher performance and lower energy expenditure, since in this process the variables temperature and
operation time determine the efficiency of the thermal process, as well as the final cost of production
(Telleria et al., 2001).

Mechanical properties in biofilms

The mechanical properties of biofilms are important as they provide insight into their behaviour in the
food matrix. These are properties of the material related to its capacity to transmit and resist forces or
deformations. To determine these properties, non-destructive tests are applied to materials such as
tension, compression, bending, which allow characterising the maximum resistance of the structures of
the material being analysed, as well as its extensibility.

The force of a material is the force required to deform and its units of measurement in the
international system are Newtons (N).

F=mxg (kg+3)=IN] (1

Tension or stress force measures the force per unit cross-sectional area, defined as the intensity
of the normalised force or force.

y ===[Pd] [2]

Elasticity, measured at the point where the film fractures, is reported as the percentage of the
sample after stretching divided by the original length. (Sharma et al., 2003; Robertson, 2013).
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Young's modulus is the stress on the deformation of the material.

[4]
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Figure 2
Hooke's law

Source: Sharma et al. al., 2003

Physical properties of biofilms

In several works on biofilms, physical measurements are carried out to obtain important information on
the design and formulation of multicomponent biofilms, pH is a basic parameter to be considered as it
intervenes in the compatibility and interactions that are generated between the components, colour
determines the quality and chemical and physical changes in the appearance of a food, as well as
determining consumer preference (Ortiz et al., 2022), water activity (aw) is the amount of water that is
available in a food matrix.

Methodology
Biofilm development

Biofilms were obtained by formulating different mixtures of concentrations of 2 g of food grade
polysaccharide (Sigma-Aldrich sodium alginate) in 100 mL of distilled water in a Prendo PCA-1500
stirring grill. The stirring time was 20 minutes at 85 °C with constant stirring, then the resin (rosin) was
dissolved using Karai brand glacial acetic acid (CH3COOH) as a solvent with a molecular weight of 60.
05 g/mol food grade 1 mL (0.01%) was added to the solution (water-alginate) and 4 mL (4%) of Karali
brand glycerin (CH20HCHOHCH2OH) of molecular weight 92.09 g/mol was kept in agitation for 10
min. The final mixture obtained for biofilm formation was made by pouring 50 mL of the solution into a
Petri dish of 9 cm diameter and dried in a Felisa incubation oven, model FE-133AD with serial number
1312031 at a temperature of 35°C for approximately 15 hours.

Characterisation of the pre-formed biofilms

Thickness was measured using a Mitutoyo digital micrometer model: 293-721. Colour was determined
at a wavelength of 560nm in a Hunter Lab ColorFlex colorimeter, gravimetric moisture was determined
using a drying oven at 80°C for 20h. The aw activity was measured with a hygrometer with dew point
sensor model AguaLabS3TE.

Mechanical properties were determined with the TA.XTPlus texture analyser model
TA.XTPIlusC650, tensile strength, percentage elongation.
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Colour was evaluated using a ‘ColorFlex’-HunterLab colourimeter s/n:CX1115 and standards of
L=97.3, a=0.17, b= 1.9. The samples were placed on a standard white base, the previously calibrated
colorimeter was placed on the biofilm and a shot was taken, recording the values in Hunter scale L, a*,
38 b*, where L with values of 0% = black and 100% = white; +a> 0 = red, -a <0 = green, +b> 0 = yellow,
-b <0 = blue. The colour difference (AE*) was calculated as follows:
AL= L*standard -L*sample Aa= a*standard -a*sample Ab= b*standard -b*sample [5]
Statistical analysis
Three replicates per treatment were performed. Results were analysed using SPSS Statistics 21 for
Windows software (SPSS Inc., Chicago, IL, USA). Statistically significant differences between the mean
values of the results were established by analysis of variance (ANOVA) at 95.0% confidence level (o =
0.05) and Tukey's test. Data are presented as arithmetic mean * standard deviation.
Results
Results are presented for the properties:
Biofilm thickness

Measurements were taken at five different points, following the cardinal points and taking the fifth
measurement from the center of the biofilm.

Box 3

Sample N E S (0] Center
mm mm mm mm mm
M3-0.2% | 0.960 * 0.721 * 0.757 * 0.507* 0.502*
M2-0.3% | 0.382* 1.065* 1.033* 0.404* 0.628*
M1- 0.5% 1.225* 0.927 * 0.925 * 1.019* 0.737*
Figure 3
Thickness

*The average of 3 measurements
Source: Own elaboration

The thickness of the sample was between 1.225 and 0.382 mm, with significant differences (p <
0.05) between the different concentrations. The biofilms produced at the highest concentration had the
greatest thickness, while those produced at the lowest concentration of rosin had the least thickness
and their respective mixtures had intermediate thicknesses. The different proportions of the
components affect the thickness of the films (Khanzadi, 2015).

Colour of biofilms

Colour measurement was carried out in three different scales, in triplicate.



Table 1
Colour data
ESCALAS M3- 0.2% M2- 0.3% M1- 0.5%

Daylight L:22.83 L: 23.92 L:21.77
a: 1.65 a: 1.08 a: 1.92
b: -3.47 b: -3.45 b: -3.28
L: 22.89 L: 24.06 L: 21.90
a:1.61 a: 1.14 a: 1.71
b: -3.19 b: -3.18 b: -3.00
L: 23.04 L: 24.01 L:21.73
a:1.60 a: 1.25 a: 1.90
b:-3.13 b: -3.14 b: -3.31

Colorimeter L:22.76 L: 24.03 L: 21.66
a: 1.70 a: 1.44 a: 1.95
b: -3.07 b: -3.02 b: -2.95
L:22.91 L: 23.92 L:21.71
a:1.94 a: 1.60 a: 2.23
b: -3.00 b: -3.20 b: -2.89
L:22.98 L: 23.90 L:21.71
a: 1.66 a: 1.70 a: 2.17
b:-2.79 b: -3.10 b: -2.95

Source of consultation: Own elaboration

The values are the means of three replicates, for the colour measurement there are no significant
differences between the different concentrations (Tukey HSD, P< 0.05). With regard to transparency,
significant differences were only observed when the concentrations were higher (Cuello, 2016).
Gonzalez et al., 2017 mentioned that transparency is an important property for the characterisation of
biofilms and also determines the final application of the biofilm.

Thermodynamic properties

The determination of this parameter was carried out in triplicate. An Aqua-Lab Model Series 3
hygrometer with dew point sensor was used.

Table 1
Water activity data
Sample 0.20% 0.30% 0.50%
aw 0.497+0.004 0.437+0.007 0.414+0.002

Source: Own elaboration

Water activity values are the means of three replicates with their standard deviation. There are
significant differences (Tukey HSD, P< 0.05). In moisture content and aw, significant differences were
observed when the concentrations increase, the aw is lower, which is normal because the more solutes in
the matrix, the less water is available and consequently the lower the moisture content.



Mechanical properties of forest resin-based biofilms

Table 2
Mechanical properties

Sample Young's modulus Fmax % TS (Tensile strength)
(MPa) (N) Elongation (MPa)
Resin film 0.2% resin film 1684.533 0.938 15.902 212.926
Resin film 0.3% Resin film 0.3% 1497.300 0.883 13.886 199.937
Resin film
Resin film 0.5% resin film 1796.125 0.984 13.880 232.759

Source: Own elaboration

Table 2 shows the values of Young's modulus, maximum strength, elongation percentage and
tensile strength for the different rosin concentrations. The highest values are obtained at the higher
concentration of 0.5% rosin, however, the best elongation is when the biofilm has a lower concentration
of rosin of 0.2%, so it can be concluded that increasing the proportions of rosin leads to an increase in
the values of the mechanical properties. This behaviour indicates that the incorporation of rosin leads to
an increase in the molecular interactions, thus increasing the cohesive strength of the biofilms.

Conclusions

The addition of forest resin in the biofilms does not cause significant differences in the b* coordinate
having an influence towards the blue or yellow colour of the biofilms.

The films obtained were translucent and malleable, this is a beneficial aspect for their application
in food, because they can be used in foods such as fruits or vegetables, in which to show the ‘freshness

of their appearance’.

As the particle concentration increased, the irregularities increased, however, this did not have a
significant effect on the thickness of the biofilms, which were thin and homogeneous.

The physical and mechanical properties of the biofilms obtained were acceptable compared to
those reported in studies using other types of materials.

The addition of rosin decreases the tensile strength of the biofilms. That is, the addition of the
particles causes the biofilms to stretch less and break with less applied force. Therefore, the best
concentration was determined to be 3% rosin.

This novel edible coating technology can be applied industrially to improve the quality and shelf
life of saladette tomatoes in post-harvest.
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