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Abstract

The aim of this study was to test three strains of lactic acid bacteria (LAB): Lactobacillus fermentum MI204, Lactobacillus
plantarum MI207 and Pediococcus pentosaceus MI1213 in order to establish their potential to inhibit the development of
the gray mold, Botrytis cinerea, on the surface of white grape berries to extend their shelf life during the storage period.

The experiments involved the treatment of grape berries with LABs suspension, followed by their artificial contamination

with B. cinerea spores. The berries were than stored and sampled every 24 hours for determining the load of B. cinerea

and LABs by culture-based techniques and by qPCR. The L. plantarum MI207 strain was shown to be effective in

inhibiting the development of the B. cinerea fungus on the surface of white grapes. Furthermore, all three LAB strains
were able to maintain their viability and multiply on the surface of the grape berries during the storage period. The gPCR
technique proved to be effective in quantifying the genetic material from both B. cinerea and the three strains of LAB in

a shorter time compared to the use of the culture-based methods.
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INTRODUCTION

Grapes are among the most consumed fruits
around the world. The main purpose of the
global grape production is wine-making,
accounting for 57% of total production, while
36% is used for table grapes and 7% for dried
grapes. Furthermore, the demand for grapes and
grape products is increasing due to the
associated health benefits, including reduced
risks of cardiovascular diseases, type 2 diabetes,
certain cancers, and other chronic complications
(Zhou & Raffoul, 2012; Perestrelo et al., 2014;
Rathi & Rajput, 2014; Insanu et al., 2021).
Yearly, B. cinerea causes disastrous losses in
grape production, typically reducing yields by
20-30%, and in severe cases losses can reach up
to 50% of the total yield (Shen et al., 2021).

To preserve their freshness and quality, grapes
require special storage conditions, and the
management of humidity and temperature is
crucial to prevent infections with different fungi,
among which the most common is Botrytis
cinerea, also known as the gray mold (Fedele et
al., 2020). B. cinerea can colonize over 500
plant species (Williamson et al., 2007), the most
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severely affected being vegetables such as
cucumbers, tomatoes and zucchini, but also
fruits such as strawberries, grapes or raspberries
(Cheung et al., 2020).

Table grapes must be kept at low temperatures
(0-2°C) and at a relative humidity of 90-95% to
prevent dehydration, maintain texture, slow down
metabolic  processes and  prevent the
development of mold and other microorganisms.
Adherence to proper storage and hygiene prac-
tices is essential to prevent and control Botrytis
infections (Ky et al., 2012; Zhang et al., 2018).
B. cinerea is a spoilage fungus difficult to
control, which is why its chemical control
remains the main way of inhibiting its
development. Classically, the use of synthetic
chemical fungicides such as iprodione,
fenheaxmid, pyrimethanil, benzimidazoles,
triazoles, dithiocarbamates and strobilurines are
among the main management method to prevent
gray mold (Diguta et al., 2016; Xu et al., 2021;
Boiu-Sicuia et al., 2023). However, due to the
risk of fungicide resistance or growing food
safety concerns associated with fungicide
residues on fresh fruits and crops that could
harm consumer health in the long term



(AbuQamar et al., 2017), researchers are making
increasing efforts to find alternative and safe
methods to combat fungal growth.

Hence, biopreservation refers to the extended
shelf life and increased safety of food and raw
materials obtained by using natural microflora
or by using antimicrobial products produced by
certain  microorganisms (Schniirer &
Magnusson, 2005). Among the microorganisms
most often used as biological control agents are
various species of Bacillus: B. subtilis, B.
amyloliquefaciens and B velezensis;
Trichoderma: T. atroviride, T. harzianum,
T. asperellum and T. gamsii; and Pseudomonas
spp. (Sicuia et al., 2015%; Sicuia et al., 2015°
Mondello et al., 2018; Proca et al., 2020; Lahlali
et al., 2022; Boiu-Sicuia et al., 2023; Toma et
al., 2023).

Lactic acid bacteria (LAB), mainly known for
their probiotic potential (Diguta et al., 2020;
Coulibaly et al., 2023; Kouadio et al., 2024), are
used as natural biopreservatives in food, in
animal feed, in sauerkraut and silage (Voulgari
et al., 2010; Badea et al., 2022). Their presser-
vative effect is mainly due to the formation of
organic acids and hydrogen peroxide,
competition for nutrients and the production of
antimicrobial substances (Stiles, 1996; Pristavu
et al., 2022).

In recent years, numerous studies have turned
their attention to the use of lactic acid bacteria as
biological control agents (De Simone et al.,
2021; Dopazo et al., 2022; Wafula et al., 2022).
LABs are known for their ability to produce
numerous antifungal compounds, such as
organic acids (lactic, acetic, formic, citric and
succinic acid, phenyllactic acid) (Zalan et al.,
2010; Yoo et al., 2016; Badea et al., 2022),
hydroxyl-fatty acids (Kanauchi, 2019), various
protein compounds (Schniirer & Magnusson,
2005) and reuterin (Ortiz-Rivera et al., 2017).
In this context, this study involved the in vivo
evaluation of three strains of LAB for their
potential to inhibit the development of the
fungus B. cinerea in white grape berries.

MATHERIALS AND METHODS
Microorganisms and growth conditions

Three strains of LAB were used in this study:
Lactobacillus fermentum MI1204, Lactobacillus
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plantarum MI207, and  Pediococcus
pentosaceus MI213. These three strains of LAB
have previously been shown by in vitro tests to
have activity against B. cinerea. All of them are
belonging to the microorganism collection of
UASVM Bucharest. The strains were stored
under freezing at -20°C, in MRS broth medium
(Man, Rogosa and Sharpe, Oxoid, Limited,
Hampshire, United Kingdom) containing 20%
glycerol. For the revitalization, the LABs were
cultivated in MRS broth medium at 37°C for 24
hours. The fungal strain used was B. cinerea MI
Aligote Husi, grown on potato dextrose agar
(PDA, Alliance Bio Expertise, France) for 2
weeks at 25°C.

Sample preparation

Studied LAB strains were tested for antifungal
potential against B. cinerea on white grape
berries, according to the following protocol.
White table grapes were purchased from a local
supermarket, and the berries were separated
from the grape brunches by cutting the pedicel,
ensuring that it remained attached to the berry.
The surface sterilization of the berries was
performed by immersion in a 1% sodium
hypochlorite solution for 5 minutes, followed by
3 washes with sterile distilled water (Lazo-
Javalera et al., 2016). The berries were than
sprayed with a sterile suspension of 0.2%
sodium carboxymethylcellulose (CMC) and
dried under sterile conditions in a laminar flow
hood to form a protective coating (Li et al.,
2020). Afterwards, the grapes were sprayed with
suspensions of viable LABs, and one of the
samples was left untreated, representing the
control. The berries were then distributed in
sterile polypropylene boxes, and a cutting was
made on the epicarp area in which B. cinerea
spores with a concentration of 2.3x10° spores
mL! were inoculated. The samples were
distributed according to Table 1.

In order to quantify the amount of B. cinerea and
LABs on the surface of artificially contaminated
grapes, three berries were taken in 3 mL of
sterile distilled water, after which they were
vigorously shaken to retrieve the LABs cells and
B. cinerea spores and hyphae from their surface.
The suspension thus obtained was used in
subsequent analyses. Samples were taken at
time 0 and after 24, 48 and 72 hours.



Table 1. Working protocol for artificial inoculation with LABs and B. cinerea of grape berries

Sample code MI204 MI207 MI213 Botrytis cinerea
logio cells mL! logo spores mL"!
204 8.29 - - -
207 - 8.31 -
213 - - 8.49 -
204Bc 8.29 - - 3.36
207Bc - 8.31 - 3.36
213Bc - - 8.49 3.36
Be - - - 3.36
Culture-based method to quantify =~ GREEN/ROX qPCR MasterMix (2X, Thermo-
microorganisms Scientific, Baltics, UAB, Vilnius, Lithuania)
The quantification of microorganisms by and water. The qPCR reactions were performed

classical techniques involves the use of specific
culture media. For lactic acid bacteria, we used
MRS Agar medium supplemented with
cycloheximide, applying the incorporation
technique detailed by Digutd & Matei (2020).
The plates were incubated at 30°C for 48 hours.
The results were expressed as decimal
logarithms of colony-forming units per milliliter
of sample (logio CFU mL™).

Quantification of B. cinerea and LABs by
qPCR

DNA extraction

The microbial DNA was extracted from B.
cinerea M1 Aligote Husi and L. fermentum
MI204, using a commercial Quick-DNA™
Fungal/Bacterial Miniprep Kit (Zymo Research,
Germany) according to the protocol described
by the manufacturer. The DNA quantification
was performed using a  SpectraMax®
QuickDrop™  Micro-Volume  Spectropho-
tometer (Molecular Devices, San Jose, CA,
USA), then diluted tenfold and quantified by a
gPCR Rotor Gene 6000 (Corbett Research,
Australia).

qPCR amplification

To create both standard curves, the DNA was
diluted tenfold, ranging from 5.50 pg mL™' to
550 fg mL"! for B. cinerea and 12.40 pg mL™ to
124 pg mL! for L. fermentum. All dilutions were
made in duplicate. Specific primers for B.
cinerea (Bc3F and Bc3R, according to Carisse
et al., 2014) and specific primers or LABs (LacF
and LacR, according to Ritchie et al., 2010) were
used in this study. The gPCR was performed in
a final volume of 25 pLL with 5 uL DNA sample,
0.075 uL (0.3 mM) of each specific primers for
B. cinerea or LABs, 12.5 L of Maxima SYBER
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in qPCR Rotor Gene 6000 (Corbett Research,
Australia) following the programs: 3 min at
95°C, followed by 40 cycles of 15 s at 95°C and
30 s at 62°C (Al Zaidi et al., 2023). At the end,
a melting curve was created by dropping the
temperature from 90°C by 0.5°C every 10 s. To
quantify the DNA from LAB strains, the
program recommended by Utoiu et al. (2018)
was used: 10 min at 95°C for the initial
denaturation, followed by 40 cycles of 15 s at
95°C and 60 s at 60°C. The efficiency (E) of the
qPCR assay was calculated using the formula E
= (10°stre = 1) x 100, where the slope was
extracted from the curve Ct = f (log Q0), where
Ct is the cycle where the fluorescence first
occurs, and QO is the amount of initial DNA.
The efficiency was expressed as a percentage.
Subsequently, DNA samples of grapes were
submitted to qPCR, and the quantity of B.
cinerea and LABs DNA was calculated in
accordance with the standard curve that was
generated for this purpose.

Statistical analysis

The results were obtained by averaging three
independent experiments. The results were
represented as mean + standard deviation.

RESULTS AND DISCUSSIONS

Culture-based method to detect LABs

Classical microbial quantification techniques
offer a simple and cost-effective means of deter-
mining the number of viable microorganisms in
a sample by cultivating and counting them on
specific culture media. In order to observe the
evolution of the number of viable LABs on the
surface of grape berries during storage, we
utilized the classical method with MRS Agar



culture medium, applying the incorporation
technique.

The macroscopic differences between the grape
samples treated with LABs suspensions com-
pared to the untreated ones after 72 hours of
storage (Figure 1) suggest that the LABs suspen-
sions had an inhibitory effect on B. cinerea, the
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fungus being slightly visible on the surface of
the artificially contaminated samples, treated
with the LABs suspensions (204Bc, 207Bc and
213Bc) after 72 hours of storage, compared to
the untreated control sample (Bc), where the
fungus grew at an accelerated rate.

Figure 1. Macroscopic differences between the grape samples treated with LABs suspensions and uncontaminated with
B. cinerea (204, 207, 213), the grape samples treated with LABs suspensions and artificially contaminated with
B. cinerea (204Bc, 207Bc, 213Bc) and the grape sample untreated with LABs suspensions and artificially contaminated
with B. cinerea (Bc), in the initial moment (T0) and after 72 hours (T72)
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Figure 2. Quantification of LABs by the culture-based
method on artificially contaminated grapes

The LABs successfully adapted on the surface
of white grapes (Figure 2), maintaining a
concentration around 7 logie CFU mL’!
throughout the storage period, grapes being a
native source of LABs, thus providing a
favorable environment for their development
(Franco et al., 2021). Comparable results were
obtained by Yin et al. (2022) in a similar
experiment on strawberries, where the LABs
population remained constant on the surface of
the fruits during the 7 days of storage.

PCR-based method to detect B. cinerea and
LABs

In order to be able to measure the amount of
DNA present in a sample using the qPCR
technique, it was necessary to create standard
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curves by diluting the DNA extracted from
B. cinerea, respectively from L. fermentum and
amplifying the dilutions by qPCR, following
that the Ct values thus obtained, together with
the complementary logarithm of the DNA
concentrations, to be transformed into standard
curves (Figures 3 and 4).
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Figure 3. Standard curve generated from the
amplification of B. cinerea DNA

Both standard curves show a high linearity due
to the R? values close to 1 (0.999 and 0.995),
resulting in a low inter-assay variability. The
slopes of the standard curves were -3.209 and
-3.454, corresponding to an amplification
efficiency of 104.94% and 94.77% respectively,
both values falling within the range of 90-110%,
limit values established by the literature
(Broeders et al., 2014).
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Figure 4. Standard curve generated from the
amplification of L. fermentum DNA

Under these conditions, the maximum C; value
that could be used for B. cinerea was 38,
corresponding to a DNA concentration of
1.81 fg, and for LABs, the maximum C; number
was 36, corresponding to a DNA concentration
of 1.03 pg.

The qPCR method is a fast and efficient way to
quantify DNA, through which we can determine
even the lowest concentrations of DNA in a
sample. In the present study we applied this
method to determine the amount of DNA
present on the artificially contaminated grape
berries from both B. cinerea and the three LAB
strains, the results being presented in the
following.

The concentration of B. cinerea DNA in each
grape sample is presented in Figure 5. The
results indicate that the LAB strains effectively
inhibited the development of B. cinerea on the
surface of the artificially contaminated grape
berries, the DNA concentrations being lower on
the artificially contaminated grapes samples
treated with LAB strains (204Bc, 207Bc and
213Bc) compared to the untreated control
sample (Bc).

It can also be seen that the strain of
L. plantarum MI1207 showed the best efficiency
in inhibiting the development of the B. cinerea
fungus on the surface of the grape berries, the
DNA concentration value after 72 hours of
storage being logio 1.32 fg mL! DNA, compa-
red to logio 6.49 fg mL! DNA in the case of the
control sample, being also more efficient com-
pared to the other two strains of LAB used in this
study, where the DNA concentration after 72
hours of storage was around logio 3.5 fg mL™!
DNA. Recently, similar results were obtained by
Chen et al. (2022), who conducted the study in
which they demonstrated the effectiveness of the
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L. plantarum CM-3 strain to inhibit the
development of the fungus B. cinerea on the
surface of black grape berries. In another study,
the authors demonstrated the effectiveness of the
same L. plantarum CM-3 strain against
B. cinerea development on strawberries surface
(Chen et al., 2020).

The qPCR method was also used to determine
the amount of DNA from lactic acid bacteria on
the surface of artificially contaminated grapes to
see if they managed to remain viable during
storage.
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Figure 5. B. cinerea DNA concentration detected
on the grape samples by the PCR method,
expressed in logio DNA (fg mL™)
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Figure 6. LAB DNA concentration detected
on the grape samples by the PCR method,
expressed in logio DNA (pg mL™)

Compared to the results obtained by
quantification using the culture-based method
(Figure 2), in the case of DNA quantification by
qPCR (Figure 6) we can observe an increase in
the concentration of DNA from the LAB strains
in the samples, an increase that could be due to
the fact that the culture-based method can only
quantify cells in a viable state, while the qPCR
method quantifies both DNA from viable and
non-viable cells.



However, the increase in the concentration of
LABs DNA in the samples during the storage
period suggests that, indeed, the LAB strains
were able to survive and multiply on the surface
of the grape berries, producing organic
compounds with antifungal effect against
B. cinerea. According to multiple studies, the
gPCR method has been shown to be effective for
the detection of LABs in several food matrices
(Zwielehner et al., 2008; Kantor et al., 2014; Al-
Zaidi et al., 2022; Jérome et al., 2022). To
improve the method and quantify only the
amount of DNA from viable cells, in the
following studies we can use photoactive dyes
such as propidium monoazide (PMA), ethidium
monoazide (EMA) or PEMAX, substances
capable of binding to the nucleic acids of
damaged or dead cells, thus allowing qPCR
quantification of only viable cells (Daranas et
al., 2018; Shi et al., 2022; Wang et al., 2023).

CONCLUSIONS

Maintaining the nutritional values and sensory
properties of perishable fruits susceptible to
fungal attack during storage is a significant
challenge. The growing interest in organic and
unprocessed food products has sparked the
interest of scientists in seeking new methods of
extending the shelf life of food products, thus
avoiding chemical preservation methods. This
study demonstrated that the L. plantarum M1207
strain effectively inhibited the growth of the
fungus B. cinerea on the surface of white grapes
while also maintaining its viability and
multiplying on the grape berries during storage.
Furthermore, the qPCR technique proved to be
effective in quantifying the genetic material of
both B. cinerea and the three LAB strains in a
shorter time compared to culture-based
methods. In this context, LABs offer a
promising approach to be used as biocontrol
agents, as they are naturally found in foods like
fresh vegetables and fruits, are considered safe
for human health, are widely utilized in the food
industry, and also are producing antimicrobial
compounds.
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