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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.

e

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 midi6 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).



e= & [3]
Young's modulus is the stress on the deformation of the material.
[4]

Stress (Pa)

SUein (&)

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 (CH20HCHOHCH20H) 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.



6

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% Resin 1497.300 0.883 13.886 199.937
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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Abstract

The Valley and Cofre de Perote Region is located in the state of Veracruz, where the main source of
income in the region is generated from agricultural activities, which is why, due to not having other types
of alternative economic income to satisfy their needs, the region's forests are under notable pressure,
given that agricultural activities generate the loss of forest cover. An alternative for the income of
economic resources without the need to modify forest areas is the implementation of resin extraction to
obtain rosin, since in addition to providing income to the population, it generates awareness within the
region about the care and protection of forests, in addition to having a path for the development of
integrated forest management that allows the sustainable and sustainable use of the forest.

Objective Method Contribution
Evaluation of the French method modified for Mexico. Optimization of
performance of the resin
resin collection from Te:ldentirication collection
coniferous trees. X process and
increased
income for forest
owners.

+ + 4.- Application of
+ the French method
H I N
5.- Evaluation of
. resin collection

Resin, Rosin, Conifers

Resumen

La Region del Valle y Cofre de Perote se ubica en el estado de Veracruz, donde la principal fuente de
ingresos de la regidn es generada a partir de actividades agricolas, motivo por el cual, a raiz de no contar
con otro tipo de ingresos econémicos alternativos para satisfacer sus necesidades, los bosques de la region
presentan una presion notoria, dado que la realizacion de las actividades agricolas genera la pérdida de
cobertura boscosa. Una alternativa para el ingreso de recursos econémicos sin la necesidad de modificar
las areas forestales, es la implementacidn de extraccion de resina para la obtencion de colofonia, ya que
ademas de prever un ingreso a la poblacion, genere una concientizacion dentro de la regién sobre el
cuidado y proteccién de los bosques, ademas, de tener una via para el desarrollo del manejo forestal
integrado que permita el uso sostenible y sustentable del bosque.

Objetivo Método Contribucion
Método francés modificado para Optimizacion del
Evaluacion del México. proceso de
rendimiento de la colecta de resina
colecta de resinade 1.-Identificacién e incremento de
arboles de ingresos para los
coniferas. Aarog duefios de los

bosques.

+ )
(
\ /

+* el

4.- Aplicacién del
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colecta deresina

Resina, Colofonia, Coniferas
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Introduction
Status of pine resin in Mexico.

The demand for resin as a raw material for various products has increased in recent years and has
exceeded the supply capacity of the main producing states, including the states of Michoacan, Jalisco,
Mexico and Oaxaca. However, production of this product has decreased from just over 36,000 tonnes in
2000 to 19,500 tonnes in 2009, representing 42.1% of the value of non-timber production (Lopez, 2021).
Resin production in Michoacan contributes significantly, amounting to about 70,000 tonnes per year. In
the 1930s it was 22,408 tonnes, in 2016 and 2017 production increased by just over 90%, currently
ranking first in the country with a production of 24,141 tonnes (Mufioz et al., 2022).

Vegetable or natural resin

Plant resins are products of the secondary metabolism of plants and are found in greater quantities in
species of the class Coniferinae, with the exception of the genus Taxus, as well as in the families
Burceraceae, Anacardiaceae, Myrtaceae. These natural resins are characterised by their chemical
stability: they are inert and difficult to attack by acids and bases. They have an amorphous structure,
rarely crystallise and when heated to relatively high temperatures become viscous (Osorio, 2006).

Pine resin

Resin is a highly viscous liquid secreted as an organic compound, mainly produced by plants naturally
or to protect themselves against damage or the presence of pests. These are the so-called conifers, the
main representatives being the genus Pinus.

The resin can be found in the sap channels of the roots, trunk and branches of pine trees. They
appear along the wood axis, branches and roots of the tree. Therefore, when the bark is cut or the
secondary xylem of a conifer is damaged, the flow of sap from inside the exposed resiniferous canals is
a physiological response to the healing of wounds in the wood (Cabrera, 2016).

Its importance, highlighted by several authors (Lapefa, 2017, and Reyes et al., 2019), is valued
for its chemical properties and the great diversity of products derived from it. This product is currently
used as a raw material in the chemical industry to produce by-products such as detergents, pesticides,
solvents, glues, paints, printing inks, pharmaceuticals and cosmetics, perfumes, aromas and food
additives, among others.

Rosin

Rosin is the residue obtained after resin distillation. At the end of this process it is transformed into a
liquid and can have various shades of yellow with glassy properties, which is formed on cooling after
separation from the resin. It is translucent and brittle, with a crystalline stone-like appearance and a
characteristic odour of resin.

Rosin has important characteristics that can be used in the production of different products, but it
contains substances that can cause respiratory or skin irritation. Rosin dust presents a serious risk of
explosion when exposed to air. It is insoluble in water but soluble in acetone, benzene and chloroform,
as stated by Lapefia (2017).

Turpentine

Another product obtained during the distillation process is turpentine. Due to the substances contained
in this fraction and its aromatic characteristics, it is used as a solvent in paints, in the production of
aromatic ingredients, antiseptics and even in medicine or cosmetics. Turpentine is a colourless oily liquid
consisting of a mixture of terpenes and essential oils (Lira, 2013). It is an almost colourless liquid with a
very characteristic odour. It consists of a mixture of terpene hydrocarbons, mainly a-pinene and B-pinene;
in smaller quantities myrcene, carene, camphene and terpinolenes. It is immiscible with water, with a
flash point less than 33°C and a boiling point less than 150°C. It can be flammable and hazardous to the
environment (Lapefa, 2017).
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Legal framework NOM-026-SEMARNAT-2005

The resin has been used in Mexico since pre-Hispanic times, but its commercial use began in the 1920s.
Currently, it can be harvested according to the NOM-026-SEMARNAT-2005 standard included in the
Sustainable Forest Management Law (Mufoz et al., 2022).

This standard is updated and applied throughout Mexico and establishes the criteria and
specifications for the sustainable commercial use of resin extracted preferably in forested areas.

Criteria and specifications.

The technique of pine resin harvesting consists of making one or more incisions in the form of a groove,
called resin faces, which are made along the shaft of a tree, which must be separated by spaces called
inter-faces. The maximum number of faces must be determined by the diameter of the tree chosen to be
harvested, which must be measured at a height of 1.30 m from the base of the trunk, in accordance with
Table 1 below.

Table 1
Ratio of number of faces per diameter measurement

Diameter (cm) | Maximum number of faces per tree
25,0-325 1
32,6 -425 2
42,6 —52,5 3

52,6 and older 4

Source: NOM-026-Semarnat-2005

- In the case of intensive resin production, the number of faces per tree shall be determined solely
by the width of the interspaces, which must not be less than 10 cm.

The maximum width of the faces is 10,0 cm.
The minimum width of the interspaces is 10,0 cm.

After removal of the rind, the maximum depth of a face is 2.0 cm, except for the face opening,
which may be up to 3.0 cm.

- The maximum annual face opening length is 50.0 cm and the total length may be up to 3.0 m, not
exceeding one third of the total height of the tree.

- In the event that the resin harvesting is intended to be carried out in a protected natural area or in
any species subject to special protection, the provisions of the applicable legislation on the matter
must be observed.

Methodology
Harvesting processes
Modified French Hughes method for Mexico.

The process applied for resin extraction was based on the French method, modified for Mexico: the
desrofie, the opening of the cut, desfrente, slicing or pica and preparation of the collection. The desroiie
consists of removing the bark of the pine tree without reaching the root zone, with a 20 cm wide by 60
cm high slit. The opening or cutting consists of opening, after stripping, a face 10 cm wide by 10 cm high
with an axe. For the desfrentar, a 2 to 8 cm long wound must be made immediately after making the face,
taking care to make the wound as narrow as possible. The slicing or pica is done 8 days after the previous
wound is made, this is done at a height of 1 cm and of the same width as the front wound.
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This process is repeated 8 days after the first wound and so on until the end of the first year, with
this side reaching 50 cm in length or height. The preparation of the collection consists of making slices
or picks exactly the same as those of the previous year, from the second to the fifth year of resination
(Rojas, 2019).

It may have slight variations in terms of measurements of some steps and the use of chemical
stimulants as described by Ruiz (2021), the method consists of making an incision (resination face) in
the tree 10.0 cm wide, 10.0 to 15.0 mm deep and 50 cm high per year. The face starts at the base of the
trunk and extends upwards. Sticks or slices are made to accelerate stimulation and resin production, and
this consists of several preparatory steps, which are described below:

Phases for resin extraction

a) Reconnaissance of the working area and identification of species

In the first instance, a reconnaissance tour of the properties and trees is carried out, where there are legal
permits for the application of resin extraction, figure 1.

Figure 1
Identification of resiniferous species of the Perote Valley and Cofre de Perote (Pinus
teocote)

Source [own elaboration]
b) Registration of dasometric data and geographical coordinates of each specimen.

The selection of specimens in which the resination method will be applied, initially the species is
identified and the one with the greatest presence of individuals with the greatest diameters and heights is
selected (figure 2).

Figure 2
a) Record of dasometric data (Dn and height), b) Record of geographic location, c)
Record of general information

Source Jown elaboration]
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¢) Resin collection process, by means of the French or Hughes method modified for Mexico.

1. Removal of the bark

Remove the bark, forming a rectangle of 30.0 x 60.0 cm from the ground upwards. The aim is to facilitate
the picks and increase the flow of resin in the resin canals, figure 3.

Box 4

Figure 3
Log logging. a) Logging of cutting width, b) Logging of cutting height
Source: [own elaboration]

2. Front

The bark is removed to make a mirror square of 15.0 cm per side, figure 4.

Figure 4

Opening of the face over the trunk
Source [own elaboration].

3. Installation

At this stage, the device to receive the resin produced from the spikes is placed, which consists of a visor,
the pot and the nail, figure 5.
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Figure 5
Stapling process. a) Incision with half-moon, b) Placement of the cassette and visor
Source [own elaboration]

4. First pike

After eight days of the installation of the collection device, the pica or slicing begins, which allows
shaping the resin face and helps to open the resin canals, this process is done every 7 days, figure 6.

Box 7

Figure 6
Slicing process on the face. a) Slicing, b) Removal of wood
Source [own elaboration]

5. Pica

It consists of detaching wooden slats called "serojas”, the advancement of the face is vertical, upwards
in the form of an arch.

6. Frequency of spades
It is recommended to carry out this process once a week for each side, always in a vertical direction, and

to avoid soiling with bark and wood offcuts. Harvesting is at the resin harvester's discretion, and is
generally carried out every month, after four picks per face, figure 7.
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Figure 7

Resin collection
Source [own elaboration]
7. Raise the device

Over a period of one year, the distance is more than 50 cm from the visor, so that part of it solidifies in
its trajectory and is deposited on the wood, this hardened resin is known as ‘bark’, for which the
installation must be lifted; the bark is then cleaned and the installation is removed.

Evaluation of the collection

According to the resin collection records that were made in selected trees of different diameter categories,
it was observed that trees between 40.0 and 60.0 cm of normal diameter, an average of 75 gr. per month
per tree was collected, while in categories between 30.0 and 40.0 cm of normal diameter, a general
average of 45.0 gr. per month per tree was obtained, per month per tree, and as a final analysis in sites
with 10 trees and with categories between 30.0 to 60.0 cm of normal diameter, an overall average
collection of 286.5 gr. per month was obtained, so that in one year of collection about one kilogram of
resin per tree can be obtained.

Conclusions

The methodology proposed in this work considers the legal, environmental, economic and social
recommendations that must be followed for resin extraction, as well as the dasometric variables such as
the normal diameter (Dn) of the tree as an important consideration for production, although the authors
believe that the diameter and shape of the crown could be taken into account in some occasions for the
choice of the tree, In addition, it can be mentioned that the climate of the region where the research was
carried out is suitable for the application of the methodology proposed in this work. It is suggested that
individuals located between 800 and 3500 m asl be collected, as they apparently have higher resin
production, this may be related to the climate of the region and the topographic exposure.
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This chapter presents a review of the endemic pinus species of the state of Veracruz as well as the characteristics

of each one of them.
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Resumen

En este capitulo se presenta una revision de las especies endémicas de pinos del estado de Veracruz, asi
como las caracteristicas de cada uno de ellos.
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Introduction

Mexico is considered the fourth most biodiverse country in Latin America, after Brazil, Colombia and
Ecuador, with very important ecosystems such as tropical rainforests, cold temperate forests, mangroves,
mesophilic forests, arid zones, popales, tulares, among others, which in one way or another constitute
and contribute to strengthening the lungs of the planet, producing the oxygen necessary for the existence
of human beings and harbouring a large number of species of mammals, reptiles and birds.

Reference is made to the ecosystem of great social, economic and environmental importance that
are the coniferous forests in the high and mountainous parts of our country, forming the mountain ranges
Sierra Madre Oriental, Sierra Madre Occidental and Eje Neovolcanico that cover more than 90 % of the
surface of the national territory.

Within the order Coniferales, the Pinaceae family, the Pinus genus with its different species and
varieties are distributed throughout the length and breadth of the country, being most of them endemic
and are undoubtedly a source of environmental, social and economic benefits.

It is important that as Mexicans and in particular as Veracruz citizens, it is important to know and
promote the main conifers that exist and that many times we do not even identify them, even though we
live with them daily, so we will refer to the species that are present in the state

Table 1
Evolutionarily ordered endemic pines present in the state of Veracruz

Endemic Pinus

Pinus cembroides (Zucc)

Pinus ayacahuite veitchii (Shaw)
Pinus chiapensis (Mart)

Pinus leiophylla (Schl. et Cham.)
Pinus teocote (Schl. et Cham.)
Pinus montezumae (Lamb.)

Pinus rudis (Endl.)

Pinus oaxacana (Mart.)

Pinus oaxacana apulcensis (Mart.)
Pinus oaxacana coatepecensis (Mart.)
Pinus hartwegii (Lindl.)

Pinus patula (Schl. et Cham.)
Pinus oocarpa (Schl. et Cham.)

Source: Own elaboration

Characteristics of the endemic pine species of Veracruz:
Pinus cembroides (Zucc.)

Located between the border states and between Puebla and Veracruz, it is the most common species in
the Mexican Republic, producing 90% of the pine nut harvest.

It is a tree or arbolillo is of short heights reaches between 5 to 11 m, its crown is pyramidal and
also rounded, with sparse branches, it is located in the lands that are dry, of thin and cracked bark is
observed divided in short and irregular plates, its branches placed in whorls of grey colour and rough
sensation, its leaves are grouped in groups of three although several fascicles have two to four or even
five with a length of 4 to 7 cm, they have external resiniferous canals, its seeds are vaguely triangular
and edible, commonly known as ‘pine nuts’, the type of wood is uniform and light (Lanner, 1981,
Sanchez, 2008).
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Pinus ayacahuite veitchii (Shaw.)

Tree that reaches a height of twenty to thirty metres with extended branches, frequently verticillate, its
twigs of brown colour, flexible and thin, its bark in the young trees its bark is smooth and for the mature
trees its bark is rough and greyish and they are divided in triangular plates, leaves in groups of five of
eleven to thirteen centimetres and up to twenty, thin of dark green colour, somewhat fallen with stomata
only in the internal faces, has only one vascular has, two or three external resiniferous canals,
subcylindrical cones of twenty-two to twenty-eight centimetres long, hanging, curved, usually in pairs or
solitary, the seeds measure about twelve millimetres and are of a dark brown colour of fifteen to twenty
millimetres long by six to ten wide, the wood is of good quality, soft and yellowish in colour, for which
it is requested for construction and furniture making (Munive et al. , 2008).

Pinus chiapensis (Mart.)

Tree with a straight trunk of about twenty-five to thirty metres or more in height and approximately one
metre in diameter, cracked bark with a very irregular surface of about two centimetres thick, dark brown
on the outside and reddish on the inside, spreading branches with fragile twigs, covered with small,
separate scars, leaves in groups of five, triangular in shape, very thin and flexible, light green, slightly
yellowish and shiny with serrated edges, they have a vascular has, external resin canals usually three,
lateral conillos, long stalked, attenuate at both extremities, erect, brown, placed in pairs or in groups of
three, very thin, concave and fragile scales about thirty millimetres long by fifteen to twenty wide,
terminal umbo yellowish brown, seed vaguely triangular, five to six centimetres long and four
centimetres wide, wing about twenty-five millimetres long, wood smooth, soft, light-coloured resinous
with yellowish striations (Capilla et al. , 2021).

Pinus leiophylla (Schl. et Cham.)

Tree fifteen to twenty-five metres high, leaves in fascicles of five, eight to thirteen and sometimes up to
fifteen centimetres long, very fine and thin, greyish-green, serrated edges, two vascular bundles, with
one to four external resin canals, occasionally one external, sheaths from fifteen to twenty millimetres
long, soon to be drooping, subcylindrical, pedunculate cones, ovoid, asymmetrical cones, scales
protecting two triangular or vaguely triangular seeds with a wing, it is a tree that produces abundant
turpentine (Izaguirre et al. , 2024).

Pinus teocote (Schel. et Cham.)
Common name: ‘Pino ocote, chino or rojillo’.

Distributed in wide zone of Veracruz, it presents variations in its cones, leaves that are presented in
number of three of ten to twenty centimetres of strong length but being able to be of four or five, with
sawed edges, estomas in its three faces, its cone is soon caedizo, they do not exceed six to seven
centimetres of length, the height that presents is of 10 to 20 m but it varies between 8 and 25 m, It has a
round crown, with branches and dense foliage, thin greyish bark, sprouts can be found on its trunk, it has
medium resiniferous canals, the pods are persistent, the seed is black, its wood is strong and of high
quality, as it is used for constructions or as fuel due to its high production of terementine (Villa Real,
2024).

Pinus montezumae (Lamb.)

Tree twenty to thirty metres high, reddish brown, rough and cracked bark, irregular rounded crown,
brown twigs, leaves in groups of five per fascicle, dark green, vascular bundles two, resin canals two to
six, more common are four or five medium, occasionally one or two internal, usually leave the peduncle
on the branch, numerous, thick, hard and strong scales, seed vaguely triangular, dark wing about twenty
millimetres long by thirteen to seventeen wide, its wood is used for constructions, usually seen between
2500 to 2800 metres above sea level (Farjon, 2010).
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Pinus rudis (Endl.)

Tree that can reach eight to twenty-five metres in height, with spreading and often twisted branches, with
dark bark divided into thick quadrangular plates, brown and rough branches, leaves arranged in groups
of five, sometimes four and rarely six, in stout fascicles of ten to sixteen centimetres, they are stiff, strong,
pointed and slightly curved, usually erect, triangular in shape, light green or almost bluish in colour,
sometimes with a slight yellowish tinge, with serrated edges and short teeth with stomata on three sides,
they have two vascular bundles and between three and six middle resin canals, the sheaths are persistent
dark brown, the cones are long ovoid bluish, pointed, slightly pendulous, slightly oblique and slightly
curved, dark brown, sometimes with reddish or yellowish tones, almost opaque, semi-persistent in groups
of three or four, rarely solitary, with eight to ten millimetre stems, often hidden among the basal scales,
some of which may remain attached to the stem when the cone falls, its wood is used for construction,
furniture, among other uses (Martinez et al. , 2021).

Pinus oaxacana (Mart)

It has a height of up to forty metres, thick and cracked bark, dark brown with extended branches, leaves
in groups of five and six, twenty to thirty-five centimetres long, light green, thin, flexible and hanging,
triangular and acute, finely serrated with thin teeth and with stomata on three sides, resin canals are
medium in number from three to four, rarely two, the sheaths are about thirty millimetres long and scaly,
with subterminal and subglobular cones, with thick aquillate scales provided with spines directed towards
the apex, semi-persistent cones in pairs or groups of three and occasionally four of ten to sixteen
centimetres, they are generally found in the nodes and are subsessile or with short peduncle and almost
hidden between the scales, its seed is vaguely triangular, dark seven to nine millimetres, the colour of the
wood is white, with slight yellow colour of good quality used for construction and furniture (Aragon,
2020).

Pinus pseudostrobus apulcensis (Mart)

Tree that reaches heights of fifteen to twenty and even thirty metres, with reddish-brown, cracked bark,
branches with a marked bluish tone, leaves grouped in groups of five to seventeen to twenty-seven
centimetres long, with a rough texture, pointed, hanging and flexible, of a yellowish green colour, with
serrated edges and three to four resiniferous channels. The cones are subcylindrical, brown with ashy
tones, broadly ovoid or oblong-conical in shape, sometimes grouped in threes or fours, asymmetrical,
slightly curved, resinous and reddish brown or slightly yellowish in colour, which fall off easily and have
numerous, resistant scales. The seeds are dark brown, vaguely triangular. The wood of this tree, of
medium quality, is used in furniture making (Saucedo et al., 2022).

Pinus pseudostrobus coatepecensis (Lamb.)

This specimen was sighted in Coatepec, Veracruz and has brownish, somewhat ashen branches with
scattered, almost sunken bracts. Its leaves are grouped in fascicles of five, measure between twenty and
twenty-three centimetres in length, are triangular in shape and flexible, dark green in colour. It also has
two or three resin canals in the middle, sometimes with one or two additional ones, and a sheath fifteen
millimetres long. The buds are cylindrical and conical, slender, the cones are ovoid or elongatedly ovoid,
dark brown, reflective, solitary or in pairs, persistent, slightly asymmetrical and oblique. The scales are
hard, with prominent apophyses and almost invisible perpendicular ribs, dyhedric, and with a persistent
spine.

Pinus hartwegii (Lindl).

Tree growing to a height of fifteen to thirty metres, with reddish-brown cracked bark. The irregularly
spreading branches have very rough twigs of a dark reddish-brown or somewhat greyish colour. The
leaves are in groups of three in some cases, while in others there are three and four, four and five, or five
as a constant number; they are light green in colour, moderately thick, somewhat stiff, clarinate and with
serrated edges. It has stomata on all three sides and has two vascular bundles, as well as medium and
usually six resin canals. The sheaths are brown in colour and the cones, almost oblong, are found in
terminal clusters of an intense violet-blue colour. The cones, on the other hand, are long acuminate ovoid,
slightly curved, extended or somewhat reflexed, of a very dark reddish colour.
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They usually occur in pairs, although sometimes in groups of three, four or five; when the stalk
falls off, it remains on the branch. The scales are thin and numerous, and the blackish seed has a wing.
The wood is hard and resinous. This type of pine is found at higher altitudes and is related to montezumae
and rudis (Chavez et al., 2022).

Pinus oocarpa (Schiede)

Tree that can measure between twelve and eighteen metres in height, sometimes even reaching twenty-
five metres, with a diameter of forty to seventy-five metres. It has a rounded crown, strong, spreading
branches, dark or greyish cracked bark and rough twigs that become scaly at first. Its leaves grow in
groups of five (rarely three or four), with three serrated edges and two vascular bundles. In addition, there
are five to eight septal resin canals on each leaf. The sheaths are persistent and covered with acuminate
scales. The buds are ovoid, conical or oblong, of a bright chestnut colour. The cones are broadly ovoid,
strong and heavy, slightly curved and pendulous, with a length of five to eight centimetres. They are
ochre in colour with a slight shiny greenish tinge, and may be solitary, in pairs or in groups of three,
always persistent on weak peduncles of two to three centimetres. The cone scales are thick, dark in colour,
with an irregular umbo and a low transverse keel. The seeds are small, elongated and dark, with a dark
wing. The wood of this tree is soft and relatively light, of uniform texture and a light colour with a slight
yellowish tinge, and produces an appreciable amount of turpentine, especially during the dry season
(Flores, 2019).

Conclusions

Veracruz has a great diversity of pine trees, this work has been carried out in accordance with the author's
experience of species recognition as a specialist in Forestry Engineering. After this analysis, the pine
species from which the resin will be extracted for the elaboration of the biofilms applied to the tomato
will be chosen in the next chapter.
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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 elaboracion 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 antimicdtico y antibacterial, Gtil para la mejora y extension de vida atil 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 conservacién 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 dtil.
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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.

Box 3
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Polisacarido Plastificante Colofonia
Sin la Biofilm
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
— ..
AGITATION — | PHMEASUREMENT Plasticizer
Sodium alginate
Distilled water
Acetic acid DRYING MOULDING AGITATION WITH
— -— HEATING
G h Petri dishes
areen 0u§e RPM= 300
T°=30-40 °C T 65 o
T=15-20h
> CHARACTERISATIO
COOLING AND DEMOULDING Storage N

To=22°C \

Mechanics Physical chemistry

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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Abstract

Rosin in its pure form can be used in many industrial processes. Among its most important applications are the production of
adhesives, printing inks, insulating materials for the electronic industry, synthetic rubber, chewing gum, soaps and detergents.
Despite the competition from petroleum products, due to their low production costs, the industry in general has made decisions
to be able to replace petroleum products with natural products, mainly the pharmaceutical, cosmetic and currently the chemical
industry, have joined the use of renewable resources. These practices, as part of sustainable and resilient production, have led
to greater use of rosin derivatives in their formulations. Therefore, based on these data, the extraction and obtaining of rosin
from resin during hydrodistillation was analyzed.

Pinus, Hydrodistillation, Rosin

Objective Method Contribution
Give added value to
the byproducts
obtained from the
resin through a
hydrodistillation
process and be an
opportunity for
forest owners to
obtain economic
benefits.

Evaluation of rosin
performance from
coniferous resin.
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Resumen

La colofonia en su forma pura se puede utilizar en muchos procesos industriales. Entre sus aplicaciones mas importantes se
encuentran: la produccién de adhesivos, tintas de impresion, materiales aislantes para la industria electrénica, caucho sintético,
chicles, jabones y detergentes. A pesar de la competencia de los productos de origen del petrdleo, debido a sus bajos costos
de produccion, la industria en general ha tomado decisiones para poder sustituir los productos de origen petrolero por
productos naturales, principalmente la industria farmacéutica, cosmética y en la actualidad la industria quimica, se han sumado
al uso de recursos renovables. Estas practicas, como parte de una produccion sostenible y resiliente, han llevado a un mayor
uso de derivados de colofonia en sus formulaciones. Por lo tanto, en base a estos datos, se analizo la extraccion y obtencion
de colofonia a partir de resina durante la hidrodestilacion.

Pinus, Hidrodestilacion, Colofonia

Objetivo Metodo Contribuciéon
Dar valor
agregegado al los
subproductos
obtenidos de la
resina mediante un
proceso de
hidrodestilacion y
ser una oportunidad
para que los duefios
de los bosques
obtengan beneficios
econdémicos.

Evaluaciéon del rendimiento
de colofonia a partir de
resina de coniferas.
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Introduction

Rosin in its pure form can be used in different process industries for different purposes. Currently, its
derivatives have a high value in the production of consumer goods. The physicochemical properties
resulting from the chemical transformation of this product are currently used to optimise and improve
the efficiency and performance of products such as paints, inks, adhesives, chewing gum, beverage
stabilisers and fruit coatings, as well as for use in food additives, and, in the pharmaceutical and cosmetics
industry, it is used as polymerisation adjuvants, among others (Sylvester and Gandini, 2008; Maiti et al.,
1989).

Despite competition from products of petroleum origin, due to the low cost of production, the
industry is currently concerned and has opted for a balanced and sustainable production, as they have
implemented the use of rosin derivatives in their recipes, which has increased over the years. The process
of scientific development related to the industrial use of rosin derivatives does not stop, but is driven by
the development of production and refining processes by improving the quality, stability, identification
and preservation of reaction centres for further use (Bhatia, 2016).

Rosin

Rosin consists of a mixture of alcoholic carboxylic acid and a minor proportion of non-acidic components
(hydroxylated derivatives) (Maiti et al., 1989). The abietic acid is characterised by the presence of an
isopropyl group at position 7 and a conjugated double bond at positions 7-8 and 8-9, while the pimaric
type has a vinyl and methyl group at position 7 (Zinkel, 1989). In all of them the carboxyl group is
attached to the tertiary carbon. Resin acids are susceptible to deisomerisation upon heating, acidification
and oxidation in the presence of air or oxygen (Kugler et al., 2019).

Rosin is soluble in ethers, aromatic and aliphatic hydrocarbons and chlorinated hydrocarbons. It
has an average molecular weight of 300 g/mol and a glass transition temperature (Tg) of 30 °C, higher
than expected for its molecular weight due to the rigidity of the structure. Its softening point (SP) is 70
to 80 °C and its melting point (Tf) is 71 to 95 °C (Ramos, et al., 2023).

It also has characteristics such as: being a brittle solid, easy to decompose, with a yellowish tone
ranging from light yellow to dark red, its colour depending on its origin and processing method (Castillo,
2003).

As for the method of obtaining rosin, this can affect its physicochemical properties and, therefore,
the quality of the final product. The use of high temperatures and exposure to atmospheric oxygen causes
oxidation reactions with the formation of undesirable compounds, causing darkening of the colour and
reduction of the softening point, compromising the quality and thus the commercial value (Telleria et al.,
2018). In addition, it is also classified and marketed by colour, where the best quality is golden brown
with a light shade. Some physical and chemical characteristics affect the quality indicators, which depend
mainly on the pine species, although the time of extraction and the age of the tree also have an influence
(Conafor, 2013; Osorio, 2006).

Trade

Most rosin is used in the form of chemically modified rosin, which consists mainly of a mixture of
pimaric and abietic acids with small amounts of neutral compounds. Its most important uses include the
production of adhesives, printing inks, insulating materials for the electronics industry, synthetic rubber,
chewing gum, soaps and detergents (Coppen and Hone, 1995).

Coppen and Hone, 1995. Present statistics on major rosin producing countries, including
turpentine, world trade, costs and investments. They estimate that 9% of the rosin and turpentine
produced is used in the perfume and flavouring industry (Swift, 2004).

In Colombia, rosin is produced on a small scale at the Las Gaviotas Experimental Centre, in 2000,
120 tonnes of turpentine oil and 1,200 tonnes of rosin were obtained from Pinus caribaea plantations
using the exudation method, with a yield of more than 3 kg/tree/year in a 5-year cycle (Alarcon and Villa,
2012).
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Turpentine

Pine turpentine is a clear, flammable liquid with an irritating odour and bitter taste. It does not mix with
water and has a boiling point of more than 150°C. In general, turpentine is commonly used as a solvent
for paints and varnishes or as a cleaning agent. However, like rosin, it is a chemically very versatile
material. Pine resin is quite rich in alpha and beta pinene. Its derivatives are widely used in perfumes and
vitamins. The main derivative of pine resin is synthetic pine oil, which is used in disinfectants, detergents
and other pine-scented products (Kirk, 1967). The main components of oils from all sources are one, two
or three unsaturated bicycle terpenes: a-pinene, B-pinene and 3-carene. The presence or absence of any
of these terpenes can be used to determine the origin of the oil, where a-pinene is common in all resins
(Martinez, 2017).

Hydrodistillation of the resin
Materials and equipment

To carry out the experiment in the laboratory, it is necessary to have the necessary materials and
equipment to carry out the hydrodistillation process, which are shown in table 1.

Table 1
List of materials and substances used

Material and Substances
Clevenger Distiller 1000 ml
Thermometer
Universal base
Double nut clamp
Clamp
Fish tank water pump
Electric grill
Magnetic heating and stirring grill PCA 1500
Surgical hose
2 beakers 250 ml
Electronic scale
Glass flask
Strainer
Spoon
Metal container
Plastic container
Mortar
Pine resin
Distilled water

Resin management

The resin obtained from the field collection process undergoes a "cleaning” stage in which notable
impurities such as seeds, needles, shavings and bark are removed by softening the resin in a water bath.

Subsequently, a second process is applied, which consists of filtering the resin through a strainer,
where smaller impurities that are difficult to remove are trapped, allowing the highest purity of resin to
be obtained, figure 1.
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Figure 1
Resin processing. A) Resin in a water bath, B) Removal of impurities, C)
Filtration of impurities

Source [own elaboration]
Assembly and operation of the Clevenger distiller

During the process, the scale is used to measure the necessary quantities, 10 grams (ml) of distilled water
and 100 grams of pine resin, previously tared from the respective containers. The next part consists of
depositing the substances in the 1000 ml balloon, with the help of the universal clamp and base, which
is placed on the PCA grid, followed by the union of the spiral condenser with another clamp and base,
previously connected to the hoses and pump contained in the plastic container. Once the equipment is
assembled, the thermometer is placed and carefully placed so that there are no leaks and the valves
leading to the distiller are closed before starting, figure 2.

Figure 2
Hydrodistillation system. A) Weighing of resin, B) Weighing of distilled
water, C) Fixing of flask rack, D) Addition of substances, E) General
drawing

Source [own elaboration]

Start the ignition until a temperature of 165°C is maintained with the aid of the grill for 60
minutes. It is important to monitor the reaction.

The steam from the pine resin is channelled through the condenser while filling the graduated
section with water and turpentine oil, while the residue from the heating is converted into rosin, which
concentrates at the bottom of the Clevenger distiller, increasing in thickness as the process progresses,
figure 3.
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Figure 3
Control of the hydrodistillation process. A) Evaporation of the resin, B)
Collection of water and turpentine oil, C) Temperature control

Source [own elaboration]

Obtaining rosin and turpentine oil.

Once the process is finished, the flask containing the rosin is left to stand for approximately 5 minutes,
while the flask containing the rosin is separated and transferred to a glass flask with the help of tweezers
and with adequate protection, due to the high temperatures that it still concentrates.

Weigh and record the quantity obtained.The resulting water and the turpentine oil contained in
the graduated part are separated during the process, the data recorded and placed in different flasks.

During this step, as in the previous ones, special care must be taken with the handling of the
products obtained, due to the high temperatures, toxicity of the derivatives and fragility of the equipment,

figure 4.

Figure 4

Products obtained from the process. A) Rosin, B) Water and turpentine oil
Source [own elaboration]

Rosin handling

The rosin in its solid state is extracted from the glass bottle in the form of stones with the help of a metal spoon,
deposited in a mortar, pulverised and stored for later application (figure 5).
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Figure 5

Rosin of Pinus teocote. A) Rosin in solid state, B) Sprayed rosin
Source [own elaboration]

Percentage of performance

The calculation of the yield of pitch or rosin production is obtained by applying the formula (1) given by
Lira (2013):

Actual performance

% Performance = ( ) * 100 [1]

Theoretical per formance

The theory indicates that between 70% and 90% of rosin should be extracted (this depends on the
species of pine), on average we would have 80% rosin of the total product, so that if we have a sample
of resin of 100 grams we would obtain 80 grams of rosin. From the experiment carried out in the
laboratory, the weight in grams of rosin was obtained, which in this case was 75 grams, applying the
above formula, the result of the percentage yield is 93.75 %.

Conclusions

For the separation of rosin and turpentine from coniferous tree resin, it can be done by different processes
or methodologies, as stated by (Gallo and Sarria, 2013) obtaining percentages between 73 and 75 % of
rosin in Pinus patula from the steam distillation process, compared to the hydrodistillation process
carried out in this work where up to 93 % yield was obtained, It is worth mentioning that during the
application of this method, it was observed that variants can be made in the equipment and the process,
however, the temperature and residence time must be controlled, as a better control of these two variables
will determine the quality of the rosin colour and thus the final cost.
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Abstract

The use of protective films or biofilms on fresh foods allows the physical and organoleptic properties of said
products to be maintained, as is the case of the saladette tomato, which is susceptible to mechanical deterioration
in the post-harvest period, as well as the attack of different pathogens. In the present investigation, the evaluation
of the application of a biofilm added with extracts of forest materials was carried out, considering the natural forest
resources around our region. The results showed an extension in the shelf life of tomatoes treated with at least two
treatments, which opens the possibility of using the aforementioned compounds and thus contributing to the design
of new sustainably designed biofilms.

Objectives Methodology Contribution

Application of biofilms in
samples of Saldette tomato

variety Denise and evaluation in Extend tomatoes ripening,
the conservation of the treated therefore extend it’s shelf life.
product.

Evaluate the effect of biofilms

added with forest resin extracts
on saladette tomatoes to extend x

their shelf life.

Hardness  measurement in

treated tomatoes
=
[T 4

pH measurement in treated
tomatoes

Saladette tomato, Biofilm, Resin

Resumen

El uso de peliculas protectoras o biofilms en alimentos frescos, permite mantener las propiedades fisicas y
organolépticas de dichos productos, tal es el caso del jitomate saladette, el cual es susceptible durante la
postcosecha a sufrir deterioro mecanico, asi como el ataque de diferentes patdgenos. En la presente investigacion,
se realizd la evaluacion de la aplicacion de un biofilm de resina forestal. Los resultados mostraron una
prolongacion en la vida de anaquel de los jitomates tratados al menos con dos tratamientos, lo que abre la
posibilidad al uso de los compuestos mencionados y asi contribuir en el disefio de nuevos biofilms disefiados
sustentablemente.

Objetivos Metodologia Contribucién

Prolongar la maduracion del

Aplicacion de  biofilms  en jitomate y por lo tanto alargar
muestras de jitomate saldette la vida de anaquel en el tomate
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la conservacién del producto

Evaluar el efecto de biofilms tratado.

adicionadas con extractos de
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Medicion de pH en los jitomates
tratados

W=

Jitomate saladette, biofilm, resina, aserrin
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Introduction

Tomato is a vegetable recognised for its nutritional value and its high antioxidant content, its scientific
name is Solanum lycopersicun and it is cultivated all over the world. In Mexico, it is grown
conventionally, i.e. 98.5% in rainfed or technified agriculture and 1.5% organically (Ducoing, 2022;
SIAP, 2019). One of the most widely used types is the ‘saladette’ because of its morphological
characteristics, firm and abundant flesh, slightly sweet taste, favourable harvesting conditions and good
shelf life.

Maintaining ripening and safety conditions in tomato is a challenge that has been faced with
different strategies, since contamination in fresh food and deterioration in product quality generate losses
for small and large producers, for example, in 2008 an outbreak of Salmonella in the United States was
associated with Mexican tomatoes, affecting their commercialisation at that time; currently their demand
is on the rise (Ibarra, 2012).

Ducoing in 2022, observed that organically grown tomatoes have a shorter shelf life than those
grown through conventional agriculture, without losing properties in their antioxidant compounds. It has
been observed that the main variables to control in postharvest handling are humidity control, as well as
the cold chain, and nowadays it is necessary to know the physiology of the postharvest product, which
improves its storage time, preserving its qualitative characteristics and reducing weight loss (Palacios,
2023; Kumar et al., 2018; Galietta et al., 2005).

In post-harvest handling, two types of variables can be observed, the environmental and those of
the crop itself, these factors generate that the fruits can deteriorate or ripen before sale, which generates
losses due to early ripening, since it makes it susceptible to the mechanical actions to which it is exposed
(Lopez, 2000).

Preservation techniques

Techniques and methods are constantly being sought to reduce the deterioration of tomato, without
reducing its quality and quantity of nutrients; among these methods are the application of low
temperatures and chemical products, always trying to maintain the properties that make it a nutritional
and accessible food (Table 1) (Martinez et al., 2012).

Table 1
Nutrients in tomato, their function and content within the plant

Nutrients Function in the plant Plant content
Magnesium | Enzyme activator. Basis of the chlorophyll molecule, Phosphorylation processes. | 4000-4200 mg kg™*
Nitrogen Protein structure, chlorophyll, amino acids Aprox. 400000 mgkg*
Potassium lonic balance, enzymatic processes, pH regulator Aprox. 60000 mg kg™
Manganese Chlorophyll production, germination process. 30 mg kg*

Boron Involved in pollination and root development processes. 40 a 60 mg kg™*

Source: Own elaboration (Sainju et al., 2004)

Tomato is considered one of the 10 most economically important crops. However, the temperature
during transport and storage can alter its quality and favour the development of pathogenic fungi, causing
deterioration in its quality and preventing the commercialisation of the product (Rodriguez-Guzman,
2021).

Various methods and techniques have been used to reduce losses in postharvest handling and
prolong the shelf life of tomatoes, such as coatings based on yucca, chitosan, Flourensia, waxes and plant
oils (Ch, J. 2013; Barco, 2011, Rives Castillo et al, 2018, Salas, 2018) Salas in 2018 designed an edible
coating based on resins extracted from Flourensia spp, where an inhibition of Fusarium oxysporum and
Rhizopus stolonifer was observed, as well as a decrease in microbial growth, preserving fruit quality and
prolonging shelf life in vitro.



48

In recent years, consumers demand products with less pesticide application, which has led to the
study of treatments that control the attack of pathogens and at the same time allow the preservation of
the nutritional and sensory quality of the fruit. This is why research has increased on the application of
thermal treatments, UV-C treatments, use of organic and inorganic salts, biofilms of chitosan, salicylic
acid and methyl jasmonate, plant extracts, essential oils and biological control with antagonistic
microorganisms (Rodriguez-Guzman, 2021).

Use of biofilms

Biofilms are layers of biopolymers made up of food-grade compounds, which are used to coat foods and
thus protect them from weathering or pathogens, which prolongs their shelf life. Such biofilms can
originate from carbohydrates, lipids or microorganisms themselves. The development of biofilms is still
under development as there are challenges in their design, mainly physical-chemical, such as
standardising their mechanical and physical properties, solubilisation in water or alcohols, thermal
resistance and permeability, among other properties (Fernandez et al., 2015; Merino, 2021).

Currently, these biofilms are being designed by adding additives and bioactive compounds, such
as ellagic acid, a natural antioxidant, or by adding agents with antimicrobial effects. The compounds are
being obtained from industrial waste or essential oils from plants, being of low-cost origin, with a high
conservation benefit or protection against pathogens (Campos et al., 2011).

One of the most widely used non-toxic and biodegradable natural polymers for the formulation
of biofilms is chitosan, due to its antifungal properties as it alters the permeability of microbial
membranes causing an osmotic imbalance and biochemical processes of fungi. This polymer has been
used in combination with various substances such as acetic acid, beeswax, alginate, essential oils and
plant extracts (Rodriguez-Guzman, 2021).

Bautista Bafios, et al., (2018), reported the development and application of chitosan-based
coatings to which they added oleic acid, lemon essential oil and beeswax, varying the concentrations to
create different formulations. Their results showed an influence on the efficacy of the coatings and the
state of maturity of the tomato at the time of harvest; green harvested fruits maintained greater firmness
and had lowerco2 production.

Similarly, in 2018, Rives-Castillo, et al. evaluated the effect on postharvest preservation with the
application of biodegradable edible coatings on tomato at two maturity stages and stored at two
temperatures. They formulated chitosan coatings added with oregano essential oil (OEO) at three
different concentrations and beeswax. They evaluated various parameters, such ascoz production, weight
loss, firmness, pH, antimicrobial effect and sensory tests. The formulation with the highest concentration
of essential oil presented the best postharvest quality, as it reduced the respiratory rate and weight loss,
it also allowed the conservation of carotenoids and the fruits maintained greater firmness; as for the
evaluation of sensory characteristics, the fruits with this formulation retained better attributes of aroma,
colour and flavour. Inhibition of microbial growth was also observed, as well as a relationship between
storage temperature and postharvest preservation of tomatoes.

On the other hand, Correa Pacheco, et al., in 2019, studied the effect on the preservation of tomato
with the application of chitosan nanocoatings added with thyme essential oil, and also studied the
antimicrobial activity of the coatings. The quality variables measured were: colour, firmness, pH, total
soluble solids and carotenoids; the physiological variables measured were weight loss and respiration. It
was observed that all the variables presented significant statistical differences between the coating
formulations with respect to the controls; for example: the coatings with a higher concentration of
chitosan nanoparticles and without the addition of essential oil nanoparticles favoured the loss of
firmness of the tomato and at the same time, caused a decrease in the fruit's respiration rate compared to
the coatings with a lower concentration of the aforementioned nanoparticles, unlike the concentration
levels of essential oil nanoparticles, which did not show any difference between them. Regarding the
antimicrobial activity, they concluded that the coatings showed inhibition against Pectobacterium
carotovorum.
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Types of films

Different types of edible films have been developed, for example by applying milk protein molecules
and essential oil pre-treatments to extend the shelf-life of fresh horticultural tomato (Lycopersicum
esculentum).

Materials and Methods

Work was carried out at the research laboratory of the Tecnoldgico Nacional de México campus Perote,
tomato samples were collected from plots at the ‘Las Adelitas’ ranch in the municipality of Lencero,
Veracruz, using the Denise variety of saladette tomato. The application of the biofilm was carried out in
4 treatments, the functioning of the film on the tomatoes was evaluated, pH and hardness were measured.

Biofilm application

The experiment was set up with a block experimental design, with 4 treatments and a control group.
Before applying the biofilm, the tomatoes were washed with soap and water, disinfected with a 1%
sodium hypochlorite solution in distilled water, and then each group was immersed in the biofilm
formulation according to the established times (Table 2).

Table 2
Treatments for biofilm assessment

Treatment Time (s)
Control Control
1 2s
2 5s
3 7s
4 10s

Source: Own elaboration
pH measurement

For pH determination, one tomato was taken from each treatment, including one from the control group.
Each tomato was liquefied separately with 50 ml of distilled water for 60 seconds. The resulting material
was placed in a 500 mL Erlenmeyer flask using a funnel with filter paper. Subsequently, the electrode of
the potentiometer (Science MED-SM-220), previously calibrated and rinsed with distilled water between
each measurement, was inserted into each flask.

Hardness measurement

The hardness of the fruit was measured by taking a tomato from each treatment with a Model GY-3
sclerometer, the small tip of the equipment was placed on the fruit and pressed progressively into the
pulp until a cut was made in the pulp. The test was performed on two areas of each fruit, one near the
stalk and the other on the opposite side in the central area of the fruit. The reading was taken with the
internal scale on the cover of the equipment. The measurement in the 10-second treatment was discarded
due to fungal contamination of the tomatoes in this treatment.

Results
Evaluation of biofilms

In the present work, the application of the treatments started 6 days after cutting the tomatoes and the
evaluations were carried out during the 34 days after the application.

The determinations made were pH, fruit hardness and colour change was monitored by
photographic record. The previously disinfected tomatoes were kept at room temperature in a plastic
container, allowing ventilation.
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Control group
At the beginning of the evaluation, the tomatoes were at a stage of maturity from grade 1 to 3. The control
group or control, from day two, began to show signs of ripening faster than the treated tomatoes (Fig. 1).

At the end of the evaluation, they showed an intense red colour, hard skin and ripening with signs of
dehydration.

Box 3

Control day 1 Control day 6 Control day 16 Control day 34

Clcrmi. BN

Figure 1
Degrees of ripeness of tomatoes used as controls

Source: Own elaboration

Treatment 1

The first treatment consisted of immersing the tomatoes in the formulation for two seconds after
disinfection, leaving them to dry at room temperature for the formation of the biofilm, the behaviour is
shown in figure 2, the ripening until day 14 was slow, but from that moment onwards it started to show
deterioration, apparently damage caused by the handling at the moment of harvesting, the signs
observed were: red colouring and slight wrinkling in one specimen, signs of contamination and
wrinkling in two fruits, the rest normal colouring and texture.

Box 4

T1 Dayl T1 Day8 T1 Day 16 T1 Day 22

L

Figure 2
Degrees of ripening of tomatoes from treatment 1 (T1, two seconds)
Source: Own elaboration

Treatment 2

The second treatment consisted of submerging the tomatoes in the formulation for five seconds after
disinfection, leaving them to dry at room temperature for the formation of the biofilm, as shown in figure
3. Colour was recorded on days 1,2,6,7,7,8,10,14,16,22,34. In this block the maturation was slower, the
changes in colour were gradual, on day seven a specimen was taken for texture assessment, changes in
colour were observed as a sign of different degrees of maturation. By the 16th of July, 75% were ripe
and the rest showed orange colouring, there was white mould on one fruit.



T2 Day1l

T2 Day8

T2 Day 16 T2 Day 22

L)

Figure 3

Degrees of ripeness of tomatoes from treatment 2 (5 seconds)

Source: Own elaboration

Tratamiento 3
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The third treatment consisted of immersing the tomatoes in the formulation for seven seconds after
disinfection, leaving them to dry at room temperature for the formation of the biofilm, in figure 4. colour
was recorded on days 1,2,6,7,8,10,14,16,22. a slow and gradual ripening was observed in all the

tomatoes, only one showed a faster ripening, for day 16 only one showed a slight roughness.

Box 6

T3 Day1 T3 Day8

T 3 Day 16

T 3 Day 22

Figure 4

Degrees of ripening of tomatoes from treatment 3 (7 seconds of immersion)

Source: Own elaboration

Treatment 4

The third treatment consisted of immersing the tomatoes in the formulation for ten seconds after
disinfection, leaving them to dry at room temperature for the formation of the biofilm, in figure 5. colour
was recorded on days 1,2,6,7,8,10,14,16. This block showed severe contamination by both fungi and

bacteria.

Box 7

Treatment 4 Day 1

Treatment 4 Day 8

Treatment 4 Day 16

rr

Figure 5

Degrees of ripening of tomatoes from treatment 4 (10 seconds)

Source: Own elaboration
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pH measurement

Three pH measurements were carried out on the treated tomatoes and the control. The pH was recorded
on days 6 and 34 (Fig. 6); the first measurement on day 6 of the study was carried out using test strips;
the measurement on the last day of the process was carried out with the test strips and the potentiometer.
The determination was not carried out on treatment 4, as it was discarded on day 14, to avoid
contamination of the rest of the treatments (table 3).

b

Figure 6
pH measurement, a) using test strips, b) using potentiometer

Source: Own elaboration

Table 3
pH-values in tomatoes, measurement 1 and 2

Test strips Test strips
day6day 34 | day6day34 | day34
Control 4545 4545 457 *
T 2 seconds 4545 4545 4.84 *
T 5 seconds 4545 4545 461*
T 7 seconds 4545 4545 4,62 *
T 10 seconds 45Y/D 45Y/D S/ID

S/D= No data

Hardness measurement

For this determination, one of the specimens from each treatment was taken at random. The results
obtained are shown in Table 4. The results shown represent the average of two measurements on each
specimen per treatment at the three measurement times in the study, days 6, 24 and 34. Data for treatment
4 are not presented as this treatment was discarded on day 16 of the test

Table 4
Hardness in tomatoes

Conclusions

The application of biofilms based on forest resins can be considered as an alternative to extend the shelf

day 6 day 24 day 34

kg/cm? kg/cm? kg/cm?
Control 5.0 5.2 5.95
T 2 seg 4.125 5.2 9.1
T 5 seg 7.35 7.6 10
T 7 seg 6.75 16.65 4.3
T 10 seg 5.55 S/D S/D
Values represent the average of two measurements on the same fruit for each
treatment.
Y/D = No data

life of fruit and vegetable products.
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The barrier effect of the biofilm delayed the development of red colouring in treatments 2 and 3
(5 and 7 seconds of immersion, respectively), this may be due to the reduction in the release of ethylene,
as well as the reduction of permeability to gases such as oxygen orcoz. On the other hand, the coating
prevented water loss, maintaining the hardness of the fruit. Finally, the resins added to the biofilm
formulation may be exerting an antimicrobial effect by slowing down the development of fungi in the
fruits during the test period, especially considering that the fruits were kept at room temperature.

The tomatoes that showed contamination could have been due to the presence of spores that could
not be eliminated at the time of disinfection in the tomatoes, in the containers or in the environment when
the measurements were carried out. The results leave the possibility of carrying out more exhaustive
studies with new variables to standardise the process and bring it up to industrial standards.
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Abstract

This book presents the use of forest resins for the production of biofilms to increase shelf life in Saladette tomatoes.
The first chapter addresses a brief introduction about the use of forest resins in food preservation. Subsequently,
the research work developed is shared; including the selection process of pinus teocote species to obtain the resins.
The turpentine and the colophony were separated from the resin by hydrodistillation, with an efficiency of 93.75%
of colophony that was added to biofilms formulation, and were characterized in texture pH, humidity and color.
Finally, the forest resins-based biofilms were applied to the Saladette tomatoes in order to evaluate their shelf life
at room temperature during 20 days. It was demonstrated that the biofilms provide a longer shelf life and preserve
the tomatoes texture and color.

Objectives Methodology Contribution

To evaluate the effect of a covering Obtaining of forest resins by the To extend the Saladette tomatoes

formulated with forest resins in the resining method on Pinus teocote shelf life.
post-harvest of the tomato entitled trees.

Saladette R Colophony high performance by
Qg hydrodistillation.

Distillation process to obtain the
colophony efficiency.

Forest resins, biofilms, saladette tomatoes

Resumen

En este libro se presenta el uso de resinas forestales para la elaboracion de biopeliculas que se aplica en tomate
saladette para alargar su vida de anaquel, en el primer capitulo se aborda una breve introduccion del uso de resinas
forestales en la conservacion de alimentos posteriormente se presenta el trabajo de investigacion que se desarrollé
desde el proceso de la seleccion de la especie para obtener la resinacion, posteriormente se realiza mediante
hidrodestilacion la separacion de la trementina y colofonia de la resina, obteniendo un rendimiento del 93.75 %
de colofonia, la cual fue afiadida a la formulacion de las biopeliculas y que fueron caracterizadas en textura, pH,
humedad, color. Finalmente se aplicaron las biopeliculas a base de resina forestal en el tomate saladette para ser
evaluada su vida de anaquel a temperatura ambiente durante 20 dias, donde demostré que esta aplicacion le
confiere mayor vida de anaquel.

Objetivos Metodologia Contribucion

Evaluar el efecto de un recubrimiento
formulado con resinas forestales en la
postcosecha del tomate determinado
saladette.

Obtencién de resinas forestales por el
método de resinacion de arboles Pinus
teocote

Proceso de destilacion para obtener el
rendimiento colofonia

Alargar la vida de anaquel en el tomate
saladette.

Alto rendimiento de colofonia por
proceso de hidrodestilacion

Resinas forestales, biofilms, tomate saladette
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Introduction

The tomato is the vegetable with the highest production, since it is grown to meet the national and export
demand, the annual per capita consumption of tomato in Mexico is around 12.5 kilograms. One method
to extend the shelf life of this product are coatings for the protection and preservation of these, although
sometimes they can cause harm to the consumer, the frequent use of fertilisers and pesticides to improve
the harvest, can cause health effects in addition to the use of chemicals for food preservation (SADER,
2023).

In recent years, foodstuffs have been protected by plastic materials, which allow for durability
and storage, resulting in low costs, these situations cause the accumulation of waste in the environment,
nowadays food industries in their research processes are in search of new alternatives of some
conservation processes with a tendency to be friendlier and healthier in their preservation and lengthening
of shelf life, This trend generates a direction to face these challenges and in many occasions the
combination of some little known preservation processes and allow combinations with ideal results in
preservation, there are many natural components that allow us to decelerate some biological processes in
a natural way.

The use of biofilms or edible coatings on fruits and vegetables during post-harvest, function as
selective barriers for the transfer of gases, moisture, evaporation, and nutrients; they are used because
they help to reduce the deterioration of food products caused by environmental factors. They are also
intended to prevent or reduce oxidation and loss of specific food properties. Due to this concern, there
are several studies for the development of edible coatings, one of the main ones is their elaboration from
raw materials coming from renewable, abundant and economic sources so that their use is feasible.

On the other hand, there is a rich diversity of forest resins and their uses, possessing bactericidal,
antimicrobial, disinfectant and antiviral properties, which is why there is a need to create biodegradable
films of forest resins that are environmentally friendly without environmental costs and without health
effects, so this project evaluated the effect of biofilms based on forest resins in the postharvest of saladette
tomatoes.

Chapter 1 gives an introduction to forest resins applied as food coatings, as well as the importance
of tomato in Mexico. Chapter 2 refers to the work carried out to obtain forest resins, Chapter 3 describes
how rosin is obtained by hydrodistillation as the basis for the elaboration of biofilms, Chapter 4 describes
the method of elaboration of biofilms, Chapter 5 analyses the properties of biofilms based on forest resin,
and finally, Chapter 6 evaluates the shelf life of tomatoes applied with biofilms.

Biofilms as food protection

A biofilm or film is any material with a thickness of less than 0.3 mm which is formed by the combination
of biopolymers and different additives. The advantages provided by these films are: protection from UV
rays, transport of solutes, water, organic vapours, between food and atmosphere, antimicrobial protection
caused by bacteria formation.

Food films are evaluated for their mechanical properties such as: modulus of elasticity, elongation
and stiffness. Mass transfer, another property for evaluation, consists of solute transport between the food
and the atmosphere (Diaz and Castro, 2021).

Biofilms are grouped according to the nature of their coating as shown in table 1.

Table 1
Types of Biofilms

Polysaccharides Lipids Proteins Synthetics
Source: Working team
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Forest resin

The resin is obtained by extraction from trees as a by-product, it is composed of rosin and turpentine in
a proportion of 80 % and 20 % respectively. Rosin is the main product of the distillation process which
remains as a non-volatile residue, it is composed of terpenes, organic acids such as abietic and isopimaric,
its uses are: adhesives, printing inks, insulating materials, chewing gums, soaps, it is a glassy solid,
crystalline, brittle and fragile, it is insoluble in water its characteristic colour defines the quality from
yellowish brown to a light shade, the physical and chemical properties affect the quality standards, it
depends mainly on the species of pine trees, regardless of the season, the method of resin extraction and
ageing. Turpentine which is a transparent flammable liquid, the taste is pungent and bitter is not
compatible in water, its boiling point is above 150 °C. Turpentine is generally used as a solvent for paints
and varnishes, soap powder. Turpentine is rich in alpha and beta pinene. This derivative is widely used
in spices and vitamins. The main products of turpentine are synthetic pine oil used in disinfectants,
cleaners and other products (Gallo and Sarria, 2014; Sarria et al., 2021; Garcia et al., 2021).

Resins are included in edible food coatings, tree resin and coumorene resin, which have been used
in citrus coatings. Other types of resins used as the secretion of the insect laccifer lacca, which is
composed of a mixture of aliphatic, hydroxyl and polymeric acids, this resin is soluble in alcohol and
alkaline solutions (Dhall R.K., 2013).

The use of resins that are obtained from pine trees, once distilled from the crude resin, has also
been reported. The protection given by this resin obtained from the wood tends to increase the post-
harvest life of the fruit (Dhall R.K., 2013).

Resins are a group of acidic substances that are produced through secretion when the tree is cut.
On the other hand, there are synthetic resins that are produced from petroleum, as listed in table 2 of the
synthetic resins used as food coatings according to the FDA (Badwin, 2007).

Table 2
Common resin components in coatings

Resin Classification U.S.FDA 21 CFR #
Copal Polymeric resin coatings 175.300
Coumerone indene | Polymeric resin coatings 172.215
Damar Polymeric resin coatings 175.300
Elemi Polymeric resin coatings 175.300
Shellac Polymeric resin coatings 175.300
Terpene Moisture barrier in ascorbic acid powder 172.280

capsules

Wood rosin Coatings on fresh citrus fruits 175.300

Source: Badwin, 2007

Tree resins have been used as a coating to improve the quality and shelf life of fruits and vegetables thus
avoiding the use of synthetic chemicals (Yuvaraj et al., 2016).

Pine tree resins

Wood rosin is produced from oleoresins of pine trees, rosin is the residue after distillation of crude resin,
it is cheaper than gum, rosin resin is approved in citrus use, so also coumaroneindene resin is approved
for citrus use. Coumaroneindene resin is a petroleum-based coating and is produced in large quantities,
mostly used as a component of citrus wax solvents.

Wood rosin is used as a citrus wax, these types of commercial resins are formulated with
additional ingredients to create characteristics that are favourable for marketing. According to a study,
this type of resin marketed in commercial centres contains: 9.3% wood resin, 9.4% shellac, 1.3% oleic
acid and 4.7% ivoryline. Wood resin is currently sold, and formulated with other products as stabilisers.
Wood resin is composed of 90% abietic acid c2onz002, and 10% dehydroacetic acid, and can be modified
by hydrogenation, polymerisation and isomerisation to make it less susceptible to oxidation, as well as
to improve thermoplasticity.
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Almond tree resin

Recent techniques for prolonging the quality of fruits and vegetables have been the use of waxes as films
to protect them. For the use of natural resins there is the documented case of the almond tree. The almond
tree secretes a sweet 10% water-soluble resin, this resin is most visible in autumn, almond resin is made
up of 2.45% protein, 0.85% fat, 92.36% carbohydrates. This resin is rich in minerals such as calcium,
iron, potassium, sodium and magnesium (Yuvaraj et al., 2016).

Studies conducted by Yuvaraj et al., (2016), reported using almond resin, which does not contain
any synthetic chemicals. Vegetables were coated with this resin, as well as tested for solubility, fruits
were subjected to different temperatures, to check their behaviour verifying that fruits coated with
almond resins did not suffer any damage in their appearance, at temperatures of 273 °C, other fruits used
for this study were: apple, orange and tomato.

Peach tree resin

Peach tree resin consists of polysaccharides, which form an edible film that functions as an antioxidant
and antibacterial agent. This was demonstrated by the authors Li et al. (2017) who used tomatoes stored
at a temperature of 4°C, achieving a film that gives firmness, as well as decreasing weight loss, thus
extending the shelf life of the tomatoes.

The small tomatoes or cherry tomatoes on which this experiment was carried out are by their
nature small in size and rich in antioxidants, carotenes, ascorbic acid and phenolic compounds. These
tomatoes have a shelf life of 5 to 7 days.

The peach belongs to the Prunidea subfamily, after injury to the tree it produces a type of resin
consisting of polysaccharides. In the reported study, the use of this resin and the effects on tomato were
studied, evaluating firmness, weight loss, respiration rate, ascorbic acid and solute content in tomato.
Among the results obtained for firmness, the application of peach resin delays the softening of the
tomatoes. Demonstrating with the techniques that using peach resin can be a prominent method for
tomato preservation (Li et al., 2017).

Resin from Pinus teocote tree

Scientific name Pinus teocote Schiede ex Schlitdl. et Chames also known by the common names of Ocote,
Ocotl, Pino Real, Pino Chino, Pino Colorado, Pino Rosillo, Teocotl, Xakilche, Ocotl, Jalocote and in the
Nahuatl language as Xaldcotl is a species of the most widely distributed gymnosperms in the Mexican
territory and represents the dominant trees in some forests of Mexico along the Sierra Madre Occidental
from southern Chihuahua to Chiapas; in the Sierra Madre Oriental, from Coahuila and Nuevo Ledn to
Hidalgo, in the state of Mexico, in Puebla and Veracruz. The wood is used in construction in general,
locally it is used for posts and firewood. The resin is extracted for commercial purposes (Gernandt &
Pérez, 2014).

In the present project, resin was obtained from this species located in the municipality of Perote
Veracruz with the following characteristics Ovoid, Cone length: 4-6¢cm, Cone diameter: 3-5cm, Cone
umbo: Dorsal, Cone colour: Light brown, Needle shape: Straight, Needles per sheath: 3 needles, Needle
length: 8-15cm, Sheath type: Persistent, Sheath length: 8-10mm, Twig type: Decurrent, Twig colour:
Orange-grey, Bark texture: Plaque, Bark colour: Greyish brown. It is a tree up to 55 m, with diameters
of 50 to 90 cm, with a straight and clean stem of branches up to 40 to 60% of its height. The crown is
conical, small and compact with thin and short branches (Cuevas et al., 2024).

Tomato in Mexico

Tomato originates from countries such as Peru, Ecuador and Chile, its cultivation and domestication
originated in Mexico (Juarez et al., 2009). Tomato as part of its natural process during ripening begins
to produce ethylene gas, during this stage also develops the colour and the internal concentration of
ethylene gas becomes from 0.1 to 1.00 ppm, this generation of ethylene in tomato causes its ripening. In
the case of commercial ripening, tomatoes are harvested green and then placed in a chamber where they
are exposed to ethylene treatment.
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During transportation and storage, the factors that must be considered are: humidity, temperature,
to which they are subjected, because, if these conditions are not controlled, the tomatoes may suffer
damage. For packaging, it is recommended to use cardboard boxes. It is also recommended to wax the
tomatoes with a thin layer of wax, so that the tomatoes do not lose water, which can cause deterioration
in quality.

The cultivation of vegetables represents about 3% to 3.5% of the agricultural surface, which is
equivalent to 50% of the exports. Among these vegetables are: tomato, chilli, courgette, aubergine and
pea. Tomato is considered as the second most important species, with a production exceeding 70 million
(Ramirez, 2004).

Due to its nature, tomato is very sensitive, so its handling and storage conditions, as well as
adverse temperatures, contribute to its poor quality and deterioration. This is the reason for the
implementation of post-harvest techniques that allow extending its shelf life (Ramirez, 2004).

In recent years, foodstuffs have been protected by plastic materials, which allow for durability
and storage, resulting in low costs. These situations cause the accumulation of waste in the environment,
which is why there is a need to create biodegradable packaging that is environmentally friendly. The
importance of edible films that allow biodegradable packaging without environmental costs and without
health effects (Lopez, 2016).

Conclusions

In this research, the effect of forest resins of the Pinus teocote species as a coadjuvant in the formulation
of biofilms applied to saladette tomatoes was presented. It was demonstrated that their shelf life was
extended for 20 days at room temperature and their texture was maintained.
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