45
Use of forest resin based biofilms in saladette tomato, to increase shelf life

Uso de biofilms a base de resina forestal en jitomate saladette, para prolongar su
vida de anaquel

Ruiz-Colorado, Nora Isela?, Arcila-Lozano, Cynthia Cristina”, Melgarejo-Murrieta, José Alfredo® and
Rios-Romero, Omar®

a ROR Tecnoldgico Nacional de México - Instituto Tecnolégico Superior de Perote « © LEL-7181-2024 « 2 0000-0001-8994-
7943 - & 204018

b ROR Tecnoldgico Nacional de México - Instituto Tecnoldgico Superior de Perote « © L1C-9098-2024 » © 0000-0001-6365-
6785785 « i 101416

¢ ROR Tecnoldgico Nacional de México - Instituto Tecnolégico Superior de Perote « © LTE-5968-2024 « 2 0009-0000-3927-
471X, 2077542

d ROR Tecnoldgico Nacional de México - Instituto Tecnoldgico Superior de Perote « © LTF-1008-2024 « ©© 0000-0000-6943-
3849

CONAHCYT classification: DOI: https://doi.org/10.35429/H.2024.10.45.54

Area: Biotechnology and Agricultural Sciences
Field: Biotechnology

Discipline: Food Technology

Subdiscipline: Nutrition and food

Key Handbooks

The main contributions are that it presents another option for preserving the shelf life of tomatoes, and that the biofilm
used is a non-timber forest product that has other applications but can represent another alternative as a biofilm and be
applied to other fruits and vegetables, which will contribute to more intensive production and thus to improving income
for the country's forest areas. This will also lead to further research on the use of resin-based biofilms, as there are other
forest species with resins of other characteristics that can be used in other products. The key aspects are the knowledge of
the post-harvest life of fruits and vegetables, since many of the products of the field begin to deteriorate immediately after
being harvested, which generates losses and eventually causes their price to rise, and the importance of the use of natural
biofilms that extend the shelf life of the products, as well as the use of biofilms based on forest resins.
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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.
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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.

Saladette tomato, Biofilm, Resin

Resumen

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
variedad Denise y evaluacion en saladette.
la conservacién del producto

Evaluar el efecto de biofilms tratado.

adicionadas con extractos de
resinas forestales, en jitomate

saladette para ampliar su vida de

anaquel 3 s

Medicion de la dureza en los
jitomates tratados

Medicion de pH en los jitomates
tratados

W=

Jitomate saladette, biofilm, resina, aserrin



47

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.
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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

(@L2Z P

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 Day1 T1 Day 16 T1 Day 22

€

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 Day1

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 Day 8

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

Lo

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).

tigo T° 2seg T°S5sg T 7seg T° 10 seg

T |

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

b

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

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

Conclusions

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