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ABSTRACT

The objective of this study was to analyze the effect on the
physical properties (shape, size, weight and color), chemical
(soluble solids, titratable acidity and pH), nutraceuticals
(ascorbic acid and anthocyanins) and decay of strawberries
(Fragaria x ananassa) of the Camino Real and Festival varie-
ties when applying four treatments of B. subtilis strains (08,
MZ, DN and 06) vs a control (No treatment) for 5 stages of ri-
pening (red strawberries, ripe strawberries, pink strawberries,
ripe green strawberries and green strawberries); the above in
order to find the treatments that promote improvements in
the parameters studied. From the results found it is necessary
to have in the useful life for the Camino Real variety at 28.5 °C
the treatment 06 reports a decline of 42.2 % lower than the
CTL (43.9 %), for 8 °C the treatments MZ and DN reported a
decline of 28.8 % which is lower than the CTL (36.1%); with
respect to the Festival variety at 28.5 °C the treatment 06
registered a decline of 41.2 % below CTL (43.5 %), for 8 °C the
treatments 08, MZ and DN registered a decline of 27.7 %, 30
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% and 37.7 % respectively, values lower than the CTL (46.1
%). The results indicate that, when applying the treatments,
the physical and chemical properties improve or in some ca-
ses remain the same as the untreated samples, which allows
us to elucidate in a particular way that treatment 06 is the
most suitable at 28.5 °C as well as MZ and DN at 8 °C for both
varieties.

Keywords: Strawberry; Shelf life; Chemical properties; Phy-
sical properties.

RESUMEN

El objetivo de este estudio es analizar el efecto sobre las
propiedades fisicas (forma, tamafio, peso y color), quimicas
(Sélidos solubles, acidez titulable y pH), nutracéuticas (4cido
ascoérbico y antocianinas) y decaimiento de fresas (Fragaria x
ananassa) de las variedades Camino Real y Festival al aplicar
cuatro tratamientos de cepas de B. subtilis (08, MZ, DN y 06)
vs un control (Sin tratamiento) para 5 estados de maduracion
(Fresas rojas, fresas maduras, fresas rosadas, fresas verdes
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maduras y fresas verdes); lo anterior con el fin de encontrar
los tratamientos que pro-muevan mejoras en los pardmetros
estudiados. En los resultados encontrados se tiene que en la
vida util para la variedad Camino Real a 28.5 °C el tratamiento
06 reporta un decaimiento de 42.2 % menor que el CTL (43.9
%), para 8 °C los tratamientos MZ y DN reportaron un decai-
miento de 28.8% que es inferior al CTL (36.1 %); respecto a la
variedad Festival a 28.5 °C el tratamiento 06 registro un de-
caimiento de 41.2 % por debajo de CTL (43.5 %), para 8 °C los
tratamientos 08, MZ y DN registran un decaimiento de 27.7 %,
30 %y 37.7 % respectivamente, valores inferiores al CTL (46.1
%). Los resultados indican que, al realizar los tratamientos, las
propiedades fisicas y quimicas mejoran o en algunos casos
se mantienen iguales a las muestras sin tratamiento, lo que
permite dilucidar de manera particular que el tratamiento 06
es el mas adecuado a 28.5 °C asi como MZ y DN a 8°C para
ambas variedades.

Palabras clave: Fresa; Vida de anaquel; Propiedades quimi-
cas; Propiedades fisicas.

INTRODUCTION

Strawberry (Fragaria x ananassa) is a non-climacteric fruit,
since it does not complete its commercial maturity after
harvest. The shape and size of the fruits is a characteristic of
each variety, with environmental factors being an important
aspect for this character (Navarro et al., 2015). World produc-
tion for the year 2023 reported close to 10.5 million tons and
the main producing country was China; Mexico is the 3rd
place in strawberry production for that same year, with a
total of 557,514 tons (FAO, 2025). Strawberries are fruits that
provide few calories and whose most abundant components
after water are carbohydrates (fructose, glucose and sucrose).
Its fiber contribution and the high content of citric acid and
vitamin C stand out. The recommended daily intake for this
vitamin (100-150 mg/day) can be satisfied with an average
of 100 g of strawberries per day (Cubero-Cardoso et al., 2020).
Also contain malic acid and oxalic acid, potassium and, to a
lesser extent, vitamin E and vitamin B5 (niacin). The plant
pigments that give these fruits their characteristic color are
flavonoids (anthocyanins) (Dikshit and Tallapragada, 2018;
Garcia-Vaquero and Rajauria, 2018; Khoo et al., 2017; Miller
and Liu, 2014; Farran et al., 2013). More than 100 diseases
have been reported affecting strawberry cultivation, of these,
the most common are those caused by fungal pathogens, in-
cluding Marsonina fragariae, Botrytis cinerea, Colletotrichum,
Hainesia liyhri, Rhizoctonia solani and Phytophthora cactorum
(Cano, 2013).

A fungal pathogen that generates considerable losses in
the strawberry crop is Botrytis cinerea, due to this, treatments
have been studied in order to inhibit the pathological effects
in the product such as: Treatment with pulsed light (PL) (Ro-
mero etal., 2019), inhibition using yeast (Hongtao etal., 2019),
treatment with UV-C energy (254 nm) (Forges et al., 2018),
hot air (45 °C, 3.5 h) (Peng et al., 2016), thermoplastic starch
packaging (Campos et al., 2017), chlorine dioxide (Arangoa et
al., 2016); there are recent studies that show the benefits of
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treatments such as gamma radiation-assisted cooling, which
show an improvement in the physicochemical and neutra-
ceutical properties (Barkaoui et al., 2021; Filho et al., 2018)
which allows elucidating the possibility for a better control
of Botrytis cinerea. Likewise, studies show that the use of ele-
vated CO, during storage at 0 °C has shown to have positive
effects on the quality of life of the fruit (Li et al., 2018). In this
sense, it has been reported that when using B. subtilis strains,
the physicochemical properties remain stable (Torres-Garcia
et al., 2024) and in some cases the nutraceutical properties
have improved (Elikara et al., 2024). This study presents an
analysis of the effect on shelf quality parameters in two varie-
ties of strawberry (Festival and Camino Real) using biological
control (Bacillus subtilis).

MATERIAL AND METHODS

Location of the sample

Strawberries (Fragaria x ananassa), of the Festival and Ca-
mino Real varieties were used, identified in the community
of Serrano, municipality of Guanajuato, México, located at
a latitude of 20.7667, longitude -101.4 and altitude of 1740
m. The B. subtilis strains were obtained from the Ex-Hacienda
de Marquez community in the town of Irapuato, Guanajuato,
Mexico, located at latitude 20.78037, longitude -101.35979
and altitude of 1750 m. The cultivation method was fertiga-
tion and both varieties were collected at 7:00 a.m. in a period
of two months, and the B. subtilis strains were grown at 28
°C for 12 h, in modified papa-dextrose-agar liquid medium
(MPDA) (Castafieda and Ligia, 2016). The bacterial suspen-
sion was adjusted to a final concentration of 1x 10”7 CFU/
mL, using MPDA. A weekly application of 1.5 mL per plant
of each B. subtilis strain (08, MZ, DN and 06) was made to 30
strawberry plants for each variety (Camino Real and Festival)
for 8 weeks, to study its effect as a control of B. cinerea by
analyzing the useful life of the fruit and comparing it with
samples without treatment (CTL). An NPK fertilization was
used in the proportion 20-30-10 (%) in the first two months
and 20-20-20 (%) later.

Collection of biological material

The strawberry samples used were collected in the morning
and placed in baskets during the February to July 2022 pe-
riod, from which a sample of 100 red strawberries (6), 20 ripe
strawberries (5), 20 pink strawberries (3), 20 ripe green straw-
berries (2) were taken and 20 green strawberries (0) for each
of the varieties (Table 1). The objective of analyzing different
stages of fruit maturation is to study the evolution of physi-
cochemical properties such as: weight, titratable acidity, pH,
amount of ascorbic acid and anthocyanins through the phy-
siological development of the fruit and subsequently study
its shelf life; the strawberries were transported in a cooler to
avoid damage and underwent analysis for characterization
the same day of harvest, selecting the whole fruits to place
them in containers corresponding to each study.
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Table 1. Description of the degrees of ripening of the strawberry fruit.
Table 1. Descripcion del grado de maduracion de la fruta de la fresa.

Degree maturation Description

Well-developed greenish-white fruit, this stage is

© known as physiological maturity.
2 The area of intense red color in the apical zone
is increased.
The pure red color covers up to the middle area of
(3) - L
the fruit and the calyx area has pinkish overtones.
5) The intense red color increase and begins to
cover the area of the calyx.
(6) The intense red color covers the entire fruit.

Nomenclature of physiological stages in strawberries according to the
Mexican Standard NMX-FF-062-SCFI-2002.

Determination of physical characteristics

The determination of physical parameters is essential in
terms of product quality. In this study, characteristics were
determined such as: Shape of strawberries (according to the
letter of strawberry shapes), (Daubeny, 1980); size (using
the method shown by Lin and Nay, 2018); in terms of shelf
life, for both varieties, 300 red fruits by variety (Camino Real
and Festival) were collected and were stored at 28.5 °C and
8 °C, for 7 and 15 days (d) respectively. Placing 10 fruits in a
plastic clam in triplicate of each treatment (08, MZ, DN and
06) including the control (CTL), evaluated temperature and
strawberry variety.

The fruits were examined every 3 days to determine
changes in appearance. The percentage of decay was obtai-
ned considering as unacceptable fruit the one whose surface
appears at least a spot of 1 mm in diameter due to the natural
attack of B. cinerea. Considering that the % of decay is cal-
culated by means of the quotient of affected fruits between
total fruits multiplied by 100, in this sense it is important to
mention that the reported storage time corresponds to the
moment in which the first indication of affectation appears
in one or more fruits which is indicative that in previous mo-
ments all the fruits remain in the category of acceptable. For
the calculation of the texture, evaluations were performed in
triplicate in series of 10 strawberries in the equatorial zone
using a TA-XT2 texture analyzer equipped with a 4 mm dia-
meter cylindrical specimen, with a head speed of 5 mm/s and
a penetration distance of 8 mm.

Determination of chemical characteristics

Quality chemical factors for the strawberry determined are:
Soluble solids (°Bx) using an ATAGO handheld refractometer,
titratable acidity (%) using the A.O.A.C. method (1990), pH
(using an ORION model 420 A pH meter, previously calibra-
ted with buffers at pH 4 and 7), ascorbic acid (mg/L) using
the colorimetry method at an absorbance corresponding to
a length of 750 nm in a LAMBDA XLS/XLAS+ brand spectro-
photometer (Reyes, 2012) and anthocyanins (mg/L) using
the Wrolstad spectrophotometric method, using a Lambda
XLS/XLAS spectrophotometer reading at a wavelength of
520 nm (Bernal et al., 2015).

Color determination

Color measurements of the strawberry surface were perfor-
med using a Hunter Lab Reston colorimeter, ColorFlexEZ. The
results were expressed according to the CIEL*a*b* system;
the parameters determined are L* (luminosity, L*= 0 [black]
and L*= 100 [white]), a* and b* (opponent color dimensions,
[a* negative values = green and a* positive values = red], [b*
negative values = blue and b* positive values = yellow]). In
this regard, the equipment was previously calibrated accor-
ding to the manufacturer’s instructions, and measurements
were performed under controlled lighting conditions and in
triplicate to ensure data reproducibility.

Statistical analysis

For the evaluation of shelf life and texture, a 2x3x3 factorial
design, two strawberry varieties (Camino Real and Festival),
three periods (beginning and end of shelf life) and three re-
petitions were used. The evaluation of acidity, pH, titratable
acidity, vitamin C and anthocyanins used a 2x5x5 factorial
arrangement, two strawberry varieties (Camino Real and
Festival), five inoculation treatments (08, MZ, DN, 06 and CTL)
and five stages of maturation (0, 2, 3, 5 and 6). Analysis of
variance (ANOVA) was used to test statistical differences bet-
ween samples of each parameter by Tukey’s analysis taking
(p<0.05).

RESULTS AND DISCUSSION
According to the chart of typical shapes of the strawberry
published by the United States Department of Agriculture
(Daubeny, 1980), the strawberry of the Camino Real variety
presented an elongated conical shape. Most of the fruits of
the Festival variety had an elongated conical shape and, to a
lesser extent, a flattened long shape. In terms of weight, the
Camino Real variety in stage of maturation 0 registered the
best value corresponding to treatment 08 with 8.7 g, for the
stage 2 case the highest weight was recorded by treatment
DN with 11 g, for the case of maturation 3 the best value was
recorded with the MZ treatment with 12.7 g, as well as for
the 6 maturity stage with 17.9 g, finally for the 5 maturity
stage a weight of 11 g was obtained for the DN treatment. In
the case of the Festival variety in ripening stage 0 and 2, the
highest weight was recorded by the CTL with 7.3 g and 8.4
g respectively; for the 3 maturation stage the highest value
was obtained for the DN treatment with a value of 10.5 g, for
the 6 stage a weight of 12.3 g was obtained corresponding
to the CTL and finally for the 5 stage the treatments with the
highest weight were: DN and 06, registering a weight of 10.4
g for both cases. In this sense, for the Camino Real variety the
best result was obtained by the MZ treatment for the 6 stage,
while for the Festival variety the best result was presented
by the CTL for the 6 stage, which is indicative that the MZ
treatment is beneficial for the Camino Real variety as far as
weight is concerned.

Regarding texture, for the Camino Real variety the better
value was obtained with the treatment 08° (4.4 N) with grea-
ter firmness, in second position to MZ? (4.3 N) with respect to
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the CTL® (4.2 N) and leaving treatments DN? (4.1 N) and 06°
(4 N) behind. When evaluating the fruits under conditions of
8 °C, the firmness decreases in all treatments including CTL,
however the only treatment that manages to maintain firm-
ness was 06 (4 N); 08, DN and MZ lost 0.1 units with respect
to the initial firmness. For conditions of 28.5 °C the softening
was more noticeable, however the DN (4 N) treatment
maintains the same firmness as the fruits evaluated under
refrigeration, making it more stable than the remaining
treatments. In this way, the greatest smoothing registered it
the MZ treatment (2.9 N). For the Festival variety, the initial
evaluation of strawberry fruits reported that treatment 08
(5.4 N) was the only one to exceed to CTL, and treatment
06 (4.5N) with the least firmness. Under 8 °C conditions, no
treatment equaled the CTL® (5 N) being the closest DN¢ (4.9
N), followed by 08° (4.7 N) and for the MZ2 and 06? (4.1 N). On
the other hand, at 28.5 °C the loss of texture was obtained in
all treatments except DN (4.9 N) which maintains its firmness
from the beginning of the analysis, leaving treatment 08¢
(4.1 N) in second position following 06¢ (4 N), MZ® (3.6 N) and
finally the CTL? (3.3 N). The best treatment for the Camino
Real variety was DN, due to the fact that there is a difference
of 0.1 N between the initial stage and the values at 8 °C and
28.5 °C, this treatment improves the results of the CTL; in the
case of the Festival variety, the best treatment in the same
way is the DN, maintaining the same values for the three
temperature stages, in this sense, in the case of the stage at 8
°C, the value is below with respect to the CTL. While the one
corresponding to 28.5 °C is above, which indicates that when
carrying out the DN treatment the Camino Real variety pre-

sents a greater benefit in relation to said parameter. which is
consistent with what is reported in the literature (Saleh and
Abu-Dieyeh, 2022). In this sense, it has been reported that
when carrying out biological treatments with B. subtilis the
physical properties are maintained without negative impact,
improving the humidity properties (Torres-Garcia et al., 2024)
statistical analysis indicates significant differences in texture
between the various treatments for both varieties, which is
indicative of the benefits of the biological treatment in the
mentioned parameters.

Shelf life (Percentage Decay)
The study carried out for Camino Real at 28.5 ° C records
treatment 06 (42.2 %) below CTL (43.9 %), the remaining
treatments have percentages higher than CTL, with the
fruits of plants inoculated with DN (59.4 %) being the most
susceptible to these temperature condition (Figure 1). Statis-
tical analysis indicates that there are significant differences
between treatments 08, MZ and DN with respect to the
control. Treatment 06 (41.2 %) of the Festival variety reports
the lowest percentage of decay with respect to CTL (43.5 %),
while DN (58.2 %) has a higher rate of affected fruits during
the experimental phase of 15 days at a temperature between
28.5°C (Figure 1). As in the previous case, the statistical analy-
sis indicates that there are significant differences between
treatments 08, MZ and DN with respect to the control.
Decay percentage in the Camino Real variety at 8 °C is
shown in Figure 2; treatments MZ and DN (28.8 %) register
the lowest percentage of decay with respect to CTL (36.1 %)
while 08 (36.6 %) and 06 (36.1 %) are higher than CTL. Statis-

Figure 1. Decay percentage vs treatment for the Camino Real and Festival varieties at 28.5°C for 7 days of storage. Using Statistical analysis

by Tukey’s test (P<0.05).

Figura 1. Porcentaje de descomposicidn vs tratamiento de las variedades Camino Real y Festival a 28.5 °C durante 7 dias de almacenamiento

realizando un analisis estadistico mediante la prueba de Tukey (P<0.05).
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Figure 2. Decay percentage vs treatment for the Camino Real and Festival varieties at 8 °C for 15 days of storage. Using Statistical analysis by

Tukey’s test (P<0.05).

Figura 2. Porcentaje de descomposicion vs tratamiento de las variedades Camino Real y Festival a 8 °C durante 15 dias de almacenamiento

realizando un analisis estadistico mediante la prueba de Tukey (P<0.05).

tical analysis indicates that there are significant differences
between treatments MZ and DN with respect to the control.
At 8 °Cin the Festival variety (Figure 2), the lower percenta-
ges of decay are represented by treatments 08 (27.7 %), MZ
(30 %), DN (37.7 %), while treatments 06 and CTL (46.1 %)
are the same among them. Statistical analysis indicates that
there are significant differences between treatments 08, MZ
and DN with respect to the control.

The shelf life results obtained show that the test carried
outat 28.5 °C, the fruits inoculated with the B. subtilis 06 strain
for both the Camino real variety and the Festival variety indi-
cate having a lower percentage than CTL. The evaluation at 8
°C for both varieties shows two possible treatments to reduce
the percentage of decay in strawberries; the fruits inoculated
with the MZ and DN strains register a lower percentage with
respect to the CTL in the Camino Real variety. In the Festival
variety, the favored treatments are 08 and MZ with respect to
the CTL. The results show that the life of the product is higher
(15 days) than that reported by some studies, which is around
9 days maximum (Paulsen et al., 2021); statistical analysis for
shelf life indicates that significant differences were found
between the various treatments, the least of these being that
corresponding to treatment 06 with respect to the CTL for
both varieties. In relation to shelf life, for both varieties at a
temperature of 28.5 °C, the control had a shelf life of 7 days,
while the best treatment reported a shelf life of 10 days. For
both varieties at a temperature of 8 °C, the control reported a
shelf life of 10 days, compared to 15 days for the treatments,
which reported a lower decay percentage than the control.

The results obtained are consistent with studies that re-
port that applying this type of biological treatment reduces

the severity of the effect of pathogens by 80% and increases
shelf life by up to 15 days (Caretta et al., 2025). This is of sig-
nificant relevance since it provides alternatives to traditional
preservation methods through natural and safe preservation
techniques for these products without additives that may
contain substances that affect the health of consumers
(Torres-Garcia et al., 2024).

Chemical properties
The results of soluble solids (°Bx) of the Camino Real variety
(Table 2) indicate that in initial conditions treatment 06
equaled the CTL (8 °Bx), in such a way that MZ (8.2 °Bx), DN
(8.6 °Bx ) and 08 (8.8 °Bx) surpassed the CTL treatment, with
08 being the study case with the highest sugar content; the
statistical analysis indicates a significant difference between
the DN and 08 treatments with respect to the control. In con-
ditions of 8 °C all treatments increased the content of soluble
solids where only treatment 08 (9.4 °Bx) exceeded CTL (8.9
°Bx), while the remaining treatments showed DN (8.7 °Bx),
MZ (8.4 °Bx) and finally 06 (8.3 °Bx); the statistical analysis
indicates that there is a significant difference between the
08 and 06 treatments with respect to the control. Regarding
the conditions at 28.5 °C, concentrations of soluble solids
were recorded in treatments 06 (11.5 °Bx), DN (11.2 °Bx), MZ
(10.6 °Bx) and 08 (10.2 °Bx), all of which were higher to the
CTL (10.1 °Bx); statistical analysis indicates that there are sig-
nificant differences between treatments 06, DN and MZ with
respect to the control.

The results for Festival Variety (Table 1) of the inoculated
fruits with respect to the CTL indicate that at a temperature of
8 °C the DN treatment (8.8 °Bx) remained the same as the CTL
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Table 2. Soluble Solids of the strawberry fruit.
Table 2. Solidos solubles de la fruta de la fresa.

Variety Temperature condition (°C) Treatment Soluble solids (° Bx) I

CTL? 8

08 8.8

Test Start Mmz? 8.2
DN® 8.6
06° 8

CTL® 10.1

08¢ 10.2

Camino Real 28.5 Mz 10.6

DNe 11.2

06¢ 11.5

CTLf 8.9

089 9.4

8.0 Mz 8.4

DNf 11.2

06" 11.5

cTL® 8.8

082 8.6

Test Start Mz 8.4
DN 8.8

06° 9.4

T 8.8

08f 10.4

Festival 28.5 MmZzf 10.5
DNe 9.5

06f 10.5

CTLe 8.8

08¢ 8.6

8.0 mzh 8.4
DN¢ 8.8

06' 9.4

However, treatment 06 (9.4 °Bx) managed to overcome both
while the remaining treatments were below the CTL, which
indicates that the sweetness was preserved orincreased in all
cases with respect to the initial stage; treatment 06 was the
only one that presented a significant difference with respect
to the control. On the other hand, at 28.5 °C the inoculated
fruits had a more favorable behavior, all exceeded the CTL
where the treatments MZ and 06 reached 10.5 °Bx, 08 (10.4
°Bx) and DN (9.5 °Bx); in this case, all treatments presented
a significant difference with respect to the control. In this
way we can say that the fruit when inoculated can increase
its sweetness in both temperature conditions, being more
notable at 28.5 °C due to the loss of water.

The titratable acidity corresponding to the Camino Real
variety (Figure 3) indicates that at the beginning of the study
the CTL® and treatments DN? report a value of 0.96 % in stage
0 while 082,062 and MZ2 with 0.98 %, 1 % and 1 % respectively,
surpassing the previous ones. In 2, the CTL? (1 %) is equal to
06° keeping DN? (0.87 %), MZ? (0.96 %) and 082 (0.95 %) below
CTL.The 3 stage is less affected in treatment 062 (0.92 %) with
respect to CTL? (0.86 %). Regarding stage 6, treatment 08a
(88 %) loses less % compared to CTL? (86 %), 062 equals CTL?,
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while MZ? (0.83 %) and DN (81 %) register higher losses. Re-
garding stage 5, values equal to 6 were reported. Statistical
analysis indicates that there is no significant difference bet-
ween the various treatments in each of the stages studied.
The titratable acidity results corresponding to the Festival
variety (Figure 4), indicates that there were no significant
differences in this parameter during their maturation stages,
reporting values of 1.2 % for 082, regarding MZ? and DN?
a value of 1.1 %, finally for 06 and CTL? of 1 %. Regarding
the titratable acidity for the Camino Real variety, as the ma-
turation stage progresses, the treatments mostly equal or
remain below the CTL, and for the 5 stage only treatment 06
manages to equal to CTL, which is congruent with the results
obtained from soluble solids since having greater sweetness
the acidity decreases. In the case of the Festival variety, it can
be observed that there is no significant difference between
the maturation stages in their respective treatments, all of
them being slightly above the CTL which indicates that this
parameter is not affected by the treatments for this variety.
The pH results corresponding to the Camino Real variety
(Figure 5) for stage 0, indicates there were no changes bet-
ween treatments (3.9), for 2, higher pH was appreciated in
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Figure 3. Titratable acidity corresponding to the Camino Real variety. Using Statistical analysis by Tukey'’s test (P<0.05).
Figura 3. Acidez Titulable correspondiente a la variedad Camino Real, realizando un andlisis estadistico mediante la prueba de Tukey
(P<0.05).

Figure 4. Titratable acidity corresponding to the Festival variety. Using Statistical analysis by Tukey’s test (P<0.05).
Figura 4. AcidezTitulable correspondiente a la variedad Festival, realizando un anélisis estadistico mediante la prueba de Tukey (P<0.05).

Figure 5. pH corresponding to the Camino Real variety. Using Statistical analysis by Tukey'’s test (P<0.05).
Figura 5. pH correspondiente a la variedad Camino Real, realizando un analisis estadistico mediante la prueba de Tukey (P<0.05).
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treatments 08%, MZ? and DN? with a value of 3.9 with respect
to CTL? (3.7), for stage 3 the results were similar, DN? equaling
to CTL? with 3.9, below was 062 with 3.7 and above all of them
MZz2 with 3.8 and 082 with 4. In the 6 stage, all the treatments
were equal to the CTL? (3.9), except DN? with a value of 4, and
finally in 5 all the fruits share the same amount of pH equal
to 4. The pH results corresponding to the Festival variety (Fi-
gure 6) indicate that during the five stages of strawberry fruit
ripening, no significant change in pH was observed between
treatments whose value remained around 4 indicating that
for both varieties there is no significant difference between
the parameters studied. According to this, for the Camino
Real variety it can be observed that for almost all stages the
same pH values were reported and in some cases above to
CTL, with the exception of treatments MZ and 06 in the 3 sta-
ge, these results are congruent with the parameters shown
by soluble solids and titratable acidity. Regarding the Festival
variety, the trend was the same as that of the Camino real va-
riety, except for the 2 stage where the treatments were below
to CTL, which is indicative of a good evolution of the fruits
when applying the treatments since favor the generation of
soluble solids and decrease acidity as the stage of maturity
progresses. In terms of chemical properties, the results are
similar, for example, to those reported by studies where
electron beam irradiation is used (Barkaoui et al., 2021); as
in the case of physical and chemical properties show signi-
ficant differences between the various treatments for both
varieties. Likewise, these results are consistent with studies
reporting the benefits of this type of treatment in terms of
the amount of soluble solids and sugar content, strengthe-
ning the evidence of the viability of the proposed alternative
(Huasasquiche et al., 2024; Torres-Garcia et al., 2024).

Nutraceutical properties (Amount of ascorbic acid and
anthocyanins)
Figure 7 shows the results of the amount of ascorbic acid

(Vitamin C) corresponding to the Camino Real variety, where
can be observed that highest concentration of vitamin C is
in stage 2 for MZ? and 06° treatments (1 %); In the remaining
cases, it was observed that all the fruits inoculated with the
different strains of B. subtilis are benefited with respect to
CTL? (0.86 %), DN? (0.81 %) and 062 (0.86 %) in stages 6 and
5 respectively, they managed to have a non-significant diffe-
rence, which assures us that although it does not increase the
concentration of Vitamin C can be preserved without being
altered. The results of the amount of ascorbic acid correspon-
ding to the Festival variety (Figure 8) indicates that the hig-
hest amount of ascorbic acid is obtained at the 2 stage for 08°
treatment (6.8 %), followed by the 3, 6, and 5 stages which
present the same values (6.3 %) for the same treatment, fina-
lly all treatments presented a greater amount of ascorbic acid
with respect to CTL? (4.2 %). There is a significant difference
between the various treatments and the control.

The results of the amount of anthocyanins (mg/L)
depending on the treatment and maturation stage corres-
ponding to the Camino Real variety (Figure 9) indicate that
the best value of this parameter was obtained by CTL with a
value of 3.1 mg/L for stage 5, remaining all treatments below
this; the results of the amount of anthocyanins correspon-
ding to the Festival variety (Figure 10) indicate that the best
value of this parameter was obtained by treatments 08° and
MZ" for stage 5, reporting a value of 3.7 mg/L in both cases,
likewise all treatments reported values above CTL? (2.7 mg/L).
The results found show higher values than those reported
in other studies (Rahman et al., 2021), which indicates that
the treatments improve the nutraceutical properties of the
fruits in the Festival variety, the above is relevant since it has
been shown that phenolic compounds act as non-enzymatic
antioxidants and help delay fruit senescence and improve its
shelf life (Wanyi et al., 2024). The statistical analysis corres-
ponding to the nutraceutical properties indicates that there
is a significant difference between the various treatments,

Figure 6. pH corresponding to the Festival variety. Using Statistical analysis by Tukey’s test (P<0.05).
Figura 6. pH correspondiente a la variedad Festival, realizando un analisis estadistico mediante la prueba de Tukey (P<0.05).
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Figure 7. Ascorbic acid corresponding to the Camino Real variety. Using Statistical analysis by Tukey'’s test (P<0.05).
Figura 7. Acido ascérbico correspondiente a la variedad Camino Real, realizando un anlisis estadistico mediante la prueba de
Tukey (P<0.05).

Figure 8. Ascorbic acid corresponding to the Festival variety. Using Statistical analysis by Tukey’s test (P<0.05).
Figura 8. Acido ascérbico correspondiente a la variedad Festival, realizando un anélisis estadistico mediante la prueba de Tukey
(P<0.05).

Figure 9. Anthocyanins correspond to the Camino Real variety. Using Statistical analysis by Tukey’s test (P<0.05).
Figura 9. Antocianinas correspondientes a la variedad Camino Real, realizando un analisis estadistico mediante la prueba de Tukey
(P<0.05).
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Figure 10. Anthocyanins corresponding to the Festival variety. Using Statistical analysis by Tukey’s test (P<0.05).
Figura 10. Antocianinas correspondientes a la variedad Festival, realizando un andlisis estadistico mediante la prueba de Tukey

(P<0.05).

maintaining a high degree of homogeneity between the
various degrees of maturation of each treatment for both
varieties.

Color Determination

Table 3 shows the color determination in Camino Real straw-
berries at 28.5 °C during 7 days of storage. In this sense, it
can be observed that there are no significant differences
between the treatments, presenting a correlation with the
results obtained for the anthocyanin content, considering
that a ripe strawberry is characterized by an intense red-pink
color that intensifies with longer storage time, which transla-
tes into high and positive values in the a* coordinate of the
CIELAB system and a moderately high L* value. In the case of
the Festival variety, at 28.5 °C for 7 days of storage (Table 4), a
similar trend to that shown in the previous case is maintained.

Itis worth mentioning that the color study was performed on
the control and the treatments that obtained a percentage of
decay lower than or equal to the aforementioned.

Table 5 shows the color determination of Camino Real
strawberries at 8 °C for 15 days of storage; the results show
no significant differences between the control and the
treatments studied. For the Festival variety, at 8 °C for 15
days of storage (Table 6), there is no significant difference
between the control and treatments 06 and DN. Likewise,
there is a significant difference between treatments 08 and
MZ compared to the control, with the latter two treatments
reporting the highest color parameters. As with the tempe-
rature at 28.5 °C, color determination was performed on the
control and on treatments that had a percentage decline
equal to or lower than this.

Table 3. Determination of color in Camino Real strawberries at 28.5 °C for 7 days of storage.
Table 3. Determinacién de color en fresas de la variedad Camino Real a 28.5 °C durante 7 dias de almacenamiento.

Chromatic coordinates

Temperature (°C) Treatment L* a* b*
CTL 52.24 £ 11.2959* 28.4778 + 4.8845° 10.6222 +£2.78102
28.5
06 50.83 + 4.6692° 27.3444 + 4.6976° 9.0444 + 2.3505°

Table 4. Determination of color in Festival strawberries at 28.5 °C for 7 days of storage.
Table 4. Determinacion de color en fresas de la variedad Festival a 28.5 °C durante 7 dias de almacenamiento.

Chromatic coordinates

Temperature (°C) Treatment L* a* b*
CTL 49.22 + 3.2632° 26.44 + 4.3332° 9.44 +£2.52122
28.5
06 47.22 +2.2652° 24.86 + 4.35442 7.25+2.33232
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Table 5. Color determination in Camino Real strawberries at 8°C for 15 days of storage.
Table 5. Determinacion de color en fresas de la variedad Camino Real a 8 °C durante 15 dias de almacenamiento.

Chromatic coordinates

Temperature (°C) Treatment L* a* b*
CTL 5133 +£2.22° 26.88 + 4.56* 7.89 £ 2.22°
8 06 49.88 + 3.23° 26.41 = 4.44° 7.24 £ 244
08 50.44 + 2.68° 2545+ 4.24* 6.87 £2.332
Mz 50.32 +£2.62° 26.02 + 4.46° 7.88 £242°
DN 49.44 + 3.42° 25.86 + 4.23° 7.21 £2.88°

Table 6. Color determination in Festival strawberries at 8°C for 15 days of storage.
Table 6. Determinacién de color en fresas de la variedad Festival a 8 °C durante 15 dias de almacenamiento.

Chromatic coordinates

Temperature (°C) Treatment L* a* b*
CTL 49.3 +2.4442° 26.25 + 4.5726° 7.22 £2.22542
8
06 50.22 + 3.2457° 25.95 + 4. 8500° 7.88 +£2.5423
08 54.88 + 2.6575° 30.88 + 4.2423° 9.54 + 2.3344°
Mz 55.42 + 2.7869° 31.84 + 4.4444° 9.88 +2.2422°
DN 49.62 + 3.22342 25.86 + 4.6258° 8.22 +2.56342
CONCLUSIONS REFERENCES

The physical and chemical properties showed an improve-
ment when applying the described treatments, which allows
elucidating that these represent an alternative to increase
the useful life of the strawberry varieties studied. Regarding
the physical properties, for the Camino Real variety, the
treatments MZ, 06 and DN reported the best values, and
for the Festival variety the CTL sample reported the most
adequate values. In terms of chemical and nutraceutical
properties, treatments 06 and 08 reported the best values for
both varieties, which is indicative that strain 06 of B. subtilis is
the best treatment for the control of B. cinerea. Likewise, the
completely randomized statistical design indicates that there
is a significant difference in most of the studies carried out,
which reinforces the evidence of changes in the physicoche-
mical properties of the products studied when subjected to
the treatments mentioned in this document.
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