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1. Introduction

Apple fruit rot is one of the most significant causes of 
reduced yield, quality, and storage life in many countries 
with well-developed horticultural industries, including 

the Republic of Kazakhstan. Postharvest diseases not only 
impair the marketability and consumer appeal of fruit but 
also cause substantial economic losses at every stage of 
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Resumo
Este estudo investigou o potencial antagonista da bactéria ácido-láctica Lacticaseibacillus paracasei 22 contra os 
principais patógenos responsáveis por doenças pós-colheita em maçãs. Os principais componentes biologicamente 
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da biopreparação, aplicada na concentração de 109 UFC mL−1, como agente eficaz de controle biológico contra 
diferentes tipos de podridão em maçãs. Sua aplicação pode contribuir para a redução das perdas de produção 
tanto antes da colheita quanto durante o armazenamento prolongado.
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fruit storage has also been confirmed in several studies 
(Altindag et al., 2006). Other antagonistic microorganisms 
used for the biological control of postharvest fruit pathogens 
include the yeast-like fungus Aureobasidium pullulans 
(Castoria et al., 2001; Zhang et al., 2010; Mari et al., 2012), 
the bacterium Pantoea agglomerans (Cañamás et al., 2008), 
and Bacillus amyloliquefaciens (Arrebola  et  al., 2010; 
Cawoy et al., 2015; Gotor-Vila et al., 2017).

Trichoderma spp. have also been investigated as 
biological control agents against fungal plant pathogens. 
Tronsmo and Dennis (1977) demonstrated the potential 
of Trichoderma spp. for controlling strawberry fruit rots, 
while Grondona et al. (1997) characterized T. harzianum 
isolates with biocontrol activity against soilborne fungal 
plant pathogens. Under commercial orchard conditions, 
high effectiveness was also demonstrated by biological 
products based on the antagonistic fungi Epicoccum nigrum 
(Madrigal et al., 1994), P. purpurogenum, and P. frequentans 
(Guijarro et al., 2007). These agents effectively suppressed 
fruit rot in peaches and plums caused by M. laxa and also 
showed potential activity against M. fructigena.

Field applications of Epicoccum nigrum have been 
investigated for the biological control of brown rot in 
stone fruits (Larena et al., 2005; De Cal et al., 2009). More 
broadly, microbial antagonists have been investigated as 
safer alternatives to synthetic fungicides for the control 
of postharvest diseases of fresh fruits and vegetables 
(Droby, 2006). 

In recent years, the antifungal properties of lactic 
acid bacteria have attracted considerable research 
interest. Kharazian et al. (2017), López-Seijas et al. (2020), 
Manjarres Melo  et  al. (2021), and Gwiazdowski  et  al., 
(2024) demonstrated the antagonistic activity of selected 
strains of L. fermentum, L. plantarum, L. paralimentaris, L. 
pentosus, L. buchneri and Sporolactobacillus against the 
phytopathogenic fungi Penicillium spp. Fusarium lycopersici, 
Fusarium verticillioides, Verticillium dahliae, and Pythium 
aphanidermatum.

The use of yeast microorganisms with strong 
antagonistic activity has also been proposed as a means 
of reducing apple losses during postharvest storage 
(Liu et al., 2013; Spadaro and Droby, 2016). According to 
Grebenisan et al. (2006), postharvest treatment of apricot 
and peach fruits with the yeast Metschnikowia pulcherrima 
reduced the incidence of fruit rot during storage at 4°C 
by up to 100%.

Among commercial yeast-based biocontrol products 
developed for the control of postharvest fruit diseases, 
Aspire® was formulated with Candida oleophila as the 
active biocontrol agent. In addition, several biological 
products based on bacteria of the genus Bacillus have been 
registered in the United States and European countries. 
These include Serenade (B. subtilis QST713), Kodiak (B. 
subtilis GB03), RhizoPlus (B. subtilis FZB24), and Yield 
Shield (B. pumilus GB34) (Fravel, 2005; Berg, 2009). These 
products have demonstrated strong antagonistic activity 
in vitro against several phytopathogenic fungi, including 
A. alternata and M. fructigena.

Overall, the findings of numerous studies demonstrate 
substantial progress in the development of biological 
agents for protecting fruit crops against the pathogens 

the supply chain, from storage to retail. The most common 
causal agents of postharvest apple rots include species of 
the genera Penicillium Alternaria, Fusarium, and Monilinia, 
which cause blue mold, Alternaria rot, Fusarium rot, and 
Monilinia fruit rot, respectively.

Monilinia fruit rot, caused by the fungus Monilinia 
fructigena, is of particularly high economic importance. 
The disease spreads rapidly both in orchards and 
during storage, significantly reducing fruit storability 
and potentially causing yield losses of up to 70% in the 
absence of effective control measures. As the infection 
progresses, profound structural changes occur in the fruit 
tissues. As decay progresses, infected fruits lose quality 
and marketability and may ultimately become unsuitable 
for consumption or processing (Sharma  et  al., 2009). 
Consequently, postharvest rots substantially shorten the 
storage life of apples and reduce the economic efficiency 
of fruit production and marketing.

For many decades, synthetic fungicides have remained 
the primary means of controlling postharvest diseases. 
Despite their high effectiveness, the prolonged and 
intensive use of chemical plant protection products 
is associated with several serious environmental and 
technological limitations. These include the development 
of pathogen resistance to active ingredients, disease 
resurgence, and the accumulation of pesticide residues in 
fruit. Together, these concerns are commonly referred to 
as the “3R problem”: resistance, resurgence, and residues 
(Li  et  al., 2013). Furthermore, chemical fungicides can 
adversely affect the native microbiota of fruit and the 
surrounding environment, disrupt the ecological balance 
of agroecosystems, and promote the selection of resistant 
phytopathogen populations.

At the same time, increasingly strict international 
food-safety requirements and growing consumer demand 
for environmentally friendly, pesticide-residue-free 
fruit are driving the development of alternative plant-
protection strategies. In recent years, particular attention 
has been given to biological methods for controlling 
postharvest diseases. These approaches use antagonistic 
microorganisms capable of suppressing phytopathogenic 
fungi through competition for nutrients and ecological 
niches, the production of antimicrobial metabolites, the 
synthesis of hydrolytic enzymes, and the induction of 
defense responses in the host plant (Sharma et al., 2009; 
Wisniewski and Wilson, 1992; Droby et al., 2025).

An analysis of national and international scientific 
literature indicates that biological control methods 
for postharvest fruit diseases represent a promising 
alternative to conventional chemical treatments. Some 
of the earliest successful applications of biological 
agents against fruit rot caused by Monilinia fructicola 
were reported in the early 1990s and involved the soil 
bacterium Bacillus subtilis strain B3. This microorganism 
was found to exhibit strong antagonistic activity against 
a broad range of phytopathogenic fungi responsible for 
fruit spoilage (Pusey and Wilson, 1984; Pusey et al.,1988; 
Yánez-Mendizábal et al., 2012; Gao et al., 2018; Kim et al., 
2016; Ongena and Jacques, 2008).

The effectiveness of Pseudomonas syringae as a biological 
control agent against phytopathogenic fungi during 



Braz. J. Biol., 2026, vol. 86, e307401 3/13

Biocontrol of apple postharvest pathogens

responsible for postharvest rots. However, most of the 
biological agents investigated to date were developed 
outside the Republic of Kazakhstan and do not account for 
the specific characteristics of local agroecological conditions.

A distinctive feature of the present study, compared 
with previous research, is the development of a biological 
preparation based on a new indigenous strain of the lactic 
acid bacterium L. paracasei 22. The preparation is intended 
to protect apples against decay both during the growing 
season and throughout storage. The principal biologically 
active component of the culture fluid responsible for 
suppressing phytopathogen growth was identified as 
2,3-butanediol. In addition, the effectiveness of different 
application methods and storage conditions for the 
biological preparation was evaluated against the major 
causal agents of apple decay.

The scientific novelty of this study lies in the 
development, for the first time in the Republic of 
Kazakhstan, of a biological preparation based on the 
lactic acid bacterium L. paracasei 22 for protecting apples 
against the principal pathogens responsible for postharvest 
rots. The study is also novel in proposing an application 
method in which the preparation is applied directly in the 
orchard before the fruit is placed into long-term storage. 
This approach offers an alternative to the conventional 
method of immersing harvested fruit in the culture fluid 
of an antagonistic microorganism.

2. Materials and Methods

2.1. Antagonist

The strain of lactic acid bacterium L. paracasei 22 was 
selected from the collection of the Research and Production 
Centre for Microbiology and Virology (LLP), Republic of 
Kazakhstan, Almaty. The strain had previously been isolated 
from healthy apple fruits collected in an infected orchard.

2.2. Causal agents of apple fruit decay

The pathogenic microflora was represented by the 
fungi M. fructigena, A. alternata, P. chrysogenum, and F. 
sporotrichioides, which were isolated from decayed apples 
and identified using molecular genetic methods of analysis.

2.3. Fruits

Apples fruits (Malus domestica L.), cultivar “Starkrimson”, 
were collected from “Unifruit” LLP (43º45’69.6 latitude, 
77º45’33.7 longitude) and from the “Zhemis” farm 
enterprise (43º45’88.5 latitude, 77º69’64.2 longitude), 
Enbekshikazakh district, Almaty region, Kazakhstan.

2.4. Molecular identification

Genomic DNA was extracted using a silica column-based 
protocol with preliminary lysozyme treatment. Bacterial 
cells were resuspended in 80 µL lysozyme digestion 
buffer, vortexed, and incubated at 37°C for 30 min with 
intermittent mixing. Subsequently, 20 µL of proteinase 
K and 200 µL of lysis buffer were added, followed by 
incubation at 55°C for 40 min with periodic mixing. After 

lysis, 200 µL of 96% ethanol was added, and the mixture 
was homogenized by vortexing. The lysate (~640 µL) was 
transferred to a purification column and centrifuged at 
10.000 rpm for 1 min and at maximum speed for 3 min, 
respectively. DNA was eluted with 25 µL elution buffer 
after a 2 min incubation at room temperature, followed by 
centrifugation at maximum speed. The purified DNA was 
collected and stored at –20°C until further analysis. DNA 
concentration was determined using a Qubit 4 Fluorometer 
with the dsDNA High Sensitivity assay, according to the 
manufacturer’s instructions.

For molecular identification, the 16S rRNA gene fragment 
was amplified using universal primers:

8F: 5’-AGAGTTTGATCCTGGCTCAG-3’
806R: 5’-GGACTACCAGGGTATCTAAT-3’

2.5. Determination of the component composition of the strain

The component composition of the culture liquid of 
L. paracasei 22, possessing antagonistic activity against 
the casual agents of apple fruit rot, was studied using 
microextraction (solid-phase microextraction, SPME) 
followed by analysis on a gas chromatograph coupled 
with a mass spectrometer (GC-MS). The studies were 
conducted in the Laboratory of Chemical and Molecular 
Genetic Methods of Analysis at the Scientific Production 
Center of Microbiology and Virology LLP.

2.6. In vitro antifungal activity

The toxic activity of the isolated active substances of 
the selected strain L. paracasei 22 against phytopathogenic 
microorganisms in vitro was determined by the agar 
diffusion method on potato agar medium. A volume of 
0.1 mL pathogen culture liquid was spread evenly over 
the surface of the medium using a sterile spreader. A 
well was formed in the centre of the Petri dish into which 
different concentrations (1%, 5%, 10%, 25%, 50%) of the 
isolated active substances were introduced, ensuring that 
the antagonist culture did not come into contact with the 
edge of the well. Petri dished inoculated only with the 
pathogen were used as controls. Incubation was performed 
at 30°C for 7 days. The antagonistic effect was evaluated by 
measuring inhibition zone diameters (mm). Experiments 
were conducted in duplicate, and the data were presented 
as the mean of three measurements.

2.7. Efficiency of L. paracasei 22 against the main causal 
agents of apple fruit rot under laboratory conditions

2.7.1. Assessment of the inhibitory activity of L. paracasei 22.

The antagonistic properties of microbial cultures were 
determined by the presence of a growth inhibition zone 
during co-cultivation of the antagonist with test cultures 
of Monilinia fructigena, A. alternata, P. chrysogenum, 
and F. sporotrichioides (Balouiri et al., 2016). The strain 
Lacticaseibacillus paracasei 22 was cultivated in a liquid 
modified MRS-T medium in a thermostat for 1-2 days 
at 37°C. Pathogenic fungal microflora were incubated by 
submerged cultivation in a shaker-incubator (Biosan) at 
a platform rotation speed of 180 rpm and a temperature 
of 24-28°C for 2-7 days depending on the microorganism 
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species. The antagonistic activity was evaluated on a solid 
nutrient medium (PDA) previously inoculated with aqueous 
suspensions of pathogens (105–106 CFU/mL). Wells (D=8 mm) 
were made in the agar using a sterile cork borer. Each well 
was filled with 0.1 mL of the culture broth of L. paracasei 22.

Petri dishes were incubated in a thermostat for 24 h at 28°C. 
Subsequently, microbial growth was monitored daily for 12 
days and inhibition zones around the walls were measured.

Sterile distilled water was used as a negative control. 
After two days of co-cultivation the diameter of the growth 
inhibition zones (without subtracting the well diameter) 
was measured and expressed in millimeters.

2.7.2. Efficiency of the biopreparation under artificial 
inoculation

For laboratory experiments, “Starkrimson” apples 
without rot or mechanical damage and of uniform size 
were selected from the “Zhemis” farm orchard. Fruits were 
surface-sterilized with 2% sodium hypochlorite (NaOCl) 
rinsed with sterile water and left to dry for 1 h at room 
temperature. Three treatment variants were tested:
1.	 L. paracasei 22
2.	 L. paracasei 22 + Tween 20
3.	 Controls (apples soaked in sterile distilled water prior 

to fungal pathogen exposure)
Fruits were inoculated using filter paper discs 

impregnated with spore suspensions of fungal pathogens (M. 
fructigena. A. alternata. P. chrysogenum. F. sporotrichioides) 
which were placed on the surface of apples previously 
soaked in the culture liquid of L. paracasei 22. Treated 
apples were placed in plastic trays at room temperature. 
The number of fruits affected by rot was recorded at 5-days 
intervals and disease incidence was calculated. Fruit rot 
severity was assessed by measuring lesion size (mm) 
over a 12-day period. Ten fruits were used per replicate. 
Results were expressed as the arithmetic mean of the 
three replicates for each treatment. The experiment was 
performed in triplicate, and the results were expressed 
as the mean of three independent replicates.

2.8. Evaluation of different methods of biopreparation 
application and fruit storage under commercial conditions

Experiments assessing the efficacy of the biopreparation 
based on strain L. paracasei 22 against various types of fruit 
rot were conducted using two methods of apple treatment. 
The first method involved spraying trees in the orchard with 
the biopreparation during commercial fruit maturity before 
storage (Zhemis farm, Enbekshikazakh district, Almaty 
region, cultivar “Starkrimson”). The second method involved 
soaking apple fruits in the culture liquid of the antagonist 
(LLP “Unifruit”, Enbekshikazakh District, Almaty Region, 
cultivar ‘Starkrimson’). Two storage methods were evaluated:
1.	 Storage in containers in fruit storage facilities equipped 

with a ventilation system at 0-2°C and relative humidity 
85±5% until use.

2.	 Storage in controlled atmosphere chambers at 0 +2°C 
with CO2 content of 3–5%, O2 content of 3–4% and 
relative humidity of 90–95% (Figure 1).
Apples fruits were harvested at commercial maturity. 

The control consisted of untreated apples stored in the same 

facility. Two treatment variants were tested: fruits soaked for 
30 min in bacterial suspension of L. paracasei 22 (109 CFU/
mL) and fruits soaked in the mixture L. paracasei 22 + Tween 
20 at the same concentration followed by storage. The 
number of fruits affected by rot was recorded every 30 days 
during cold storage. Under controlled atmosphere conditions 
assessment was performed in March (spring period).

2.9. Statistical analysis

Experiments were conducted according to a randomized 
block design with three replicates. Data were analyzed using 
the general linear model (GLM) in Excel Stat software. Mean 
values were compared using the least significant difference 
(LSD) test at 5% probability level. Homogeneous groups were 
formed using the Newman-Keuls test. Data were checked 
for normality and homogeneity of variance prior to analysis.

3. Results

3.1 Morphological and cultural characteristics

During the screening of collection strains of 
microorganisms and isolated strains from the epiphytic 
microflora of orchard cenoses a strain of lactic acid bacteria 
was selected and identified as Lacticaseibacillus paracasei 
22. This strain exhibited complex inhibitory activity against 
the main causal agents of apple fruit rot.

L. paracasei 22 is represented by rod-shaped cells 
measuring 0.5-0.7 µm × 1.08–3.65 µm with rounded ends 
occurring mostly singly but also in pairs or short chains. 
The cells are Gram-positive, asporogenous, non-motile 
and facultatively anaerobic.

On solid MRS medium colonies are smooth, opaque, flat 
round with even edges, light cream in color; on the reverse 
side of the plate the colonies are white and no pigments are 
produced (Figure 2). Reproduction occurs by binary fission. 
The strain is a facultative anaerobic and microaerophilic.

In our previous studies it was established that the 
optimal conditions for the cultivation of the strain 
Lacticaseibacillus paracasei 22 include incubation in a 
thermostat at temperatures of 30-35°C for 2 days on a 
modified MRS-T medium. Maximum inhibitory activity 
was observed at a cell concentration of 109 CFU/mL in the 
culture liquid (Sadanov et al., 2023, 2024).

Phytopathogenic fungi selected during earlier studies 
were used as test cultures. They were identified by 
sequencing as Monilinia fructigena, Alternaria alternata, 
Penicillium chrysogenum, and Fusarium sporotrichioides. 
The sequences of each showed ≥ 99% identity to those of 
validated reference strains. Lysozyme was used during 
the DNA extraction procedure.

3.2. Molecular identification of isolates

GenBank database (Table 1; Figure 3) demonstrated that 
the studied strain shows the highest level of similarity with 
representatives of the species Lacticaseibacillus paracasei. 
The obtained sequence exhibited 99.82% identity with 
several reference strains including L. paracasei subsp. 
tolerans NBRC 15906, strain R094, and strain NBRC 15889.
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Slightly lower similarity values were observed with 
closely related species within the Lacticaseibacillus genus 
such as L. zeae and L. chiayiensis (99.46%), and L. casei 
(99.28%). Despite the high degree of genetic relatedness 
within this group the consistently higher percentage identity 
with L. paracasei strain indicates a closer phylogenetic 
affiliation of the studied isolate with this species.

3.3. Determination of the component composition of the strain

The component composition of the culture broth 
of L. paracasei 22 was investigated using solid-phase 
microextraction (SPME) followed by analysis by gas 

chromatography-mass spectrometry (GC-MS). Analysis of 
the supernatant obtained after 48 hours using SPME-GC-MS 
revealed a complex metabolic profile comprising 22 detectable 
compounds. Organic acids constituted the dominant fraction 
(72.7% of the total peak area) which is constituent with the 
typical fermentation pathways of lactic acid bacteria.

The major identified metabolites were lactic acid 
(15.7 ±1.4), acetic acid (46.0 ± 3.3), octanoic acid (3.0±1.8), 
butanediol (2.7±1.1), and acetoin (1.3±0.5). Minor 
components included low concentrations of alcohols and 
esters which may contribute to the synergistic enhancement 
of antimicrobial activity. The relatively high proportion of 

Figure 1. Experimental design for evaluating the effectiveness of different application methods of a biological preparation based on L. 
paracasei 22 against pathogens causing apple fruit rot.

Figure 2. Cultural and morphological characteristics of the strain Lacticaseibacillus paracasei 22. Colonies of Lacticaseibacillus paracasei 
22 on modified MRS-T medium. Micrograph obtained using benchtop scanning electron microscope (Hitachi TM4000 Plus).

Table 1. Results of nucleotide sequence identification in the international database.

Isolates GenBank number Strain name % similarity

Lacticaseibacillus paracasei NR_041054.1 Lacticaseibacillus paracasei subsp. tolerans strain NBRC 15906 99.82

NR_025880.1 Lacticaseibacillus paracasei strain R094 99.82

NR_113337.1 Lacticaseibacillus paracasei
strain NBRC 15889

99.82

Lacticaseibacillus zeae NR_037122.1 Lacticaseibacillus zeae strain RIA 482 99.46

Lacticaseibacillus chiayiensis NR_179712.1 Lacticaseibacillus chiayiensis strain BCRC 81062 99.46

Lacticaseibacillus casei NR_113333.1 Lacticaseibacillus casei strain NBRC 15883 99.28

NR_041893.1 Lacticaseibacillus casei DSM 20011 = JCM 1134 = ATCC 393 99.28
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volatile compounds suggests that antifungal activity may 
be mediated not only by acidification but also by other 
inhibitory mechanisms (Table 2).

All tested metabolites exhibited concentration-
dependent antifungal activity.

The concentration-dependent antifungal activity of the 
major metabolites identified in the culture broth of L. paracasei 
22 is presented in Table 3. The results showed that lactic acid 
at concentration of 25% and 50% caused only slight growth 
inhibition in all four pathogens. Acetic acid exhibited inhibitory 
activity against all the pathogens tested only at a concentration 
of 50%. The fungal growth inhibition zones ranged from 4.9 ± 
4.0 mm to 16.0± 1.26 mm. When the concentration of acetic 
acid was reduced to 1%, no inhibition zones were observed.

Acetoin inhibited the growth of all the pathogens 
tested. For M. fructigena and F. sporotrichioides, inhibition 
zones ranging from 9.0 ± 3.0 mm to 35.6 ± 5.6 mm were 
recorded at acetoin concentrations of 10-50%. Against P. 
chrysogenum, acetoin was effective at concentrations of 
25% and 50%, producing inhibition zones of 20.3 ± 6.37 mm 
and 26.0 ± 1.41 mm, respectively.

In the treatments containing 2,3-butanediol at 
concentrations ranging from 10% to 50%, the growth of all four 
pathogens was completely inhibited. Even at a concentration of 
1%, 2.3-butanediol remained active against F. sporotrichioides, 
producing an inhibition zone of 29.0 ± 1.73 mm.

Overall, these findings indicate that 2,3-butanediol 
and acetoin were the main compounds in the culture fluid 
of the lactic acid bacterium L. paracasei 22 responsible 
for the strongest inhibitory activity against pathogens 
causing apple fruit rot. Lactic and acetic acids showed only 
limited antifungal activity. However, the combined action 
of all metabolites produced by L. paracasei 22 resulted 

in substantial antagonistic activity against the major 
pathogens responsible for apple fruit rot during storage.

3.3.1. Organic acids

Lactic acid showed moderate inhibition at concentrations 
of 25-50% producing pathogen growth inhibition zones 
ranging from 7.8 to 17.0 mm depending on the rot-causing 
species. At concentrations ≤ 10% no noticeable inhibition 
was observed. Acetic acid demonstrated measureable 
activity only at 50% with inhibition zones ranging from 4.0 to 
16.0 mm while lower concentrations were ineffective. These 
results indicate that organic acids contribute to antifungal 
activity primarily at high concentrations and likely act 
synergistically within the complete metabolite complex.

3.3.2. Volatile compounds

Among the tested metabolites, 2.3-butanediol showed 
the strongest antifungal activity. It completely inhibited the 
growth of F. sporotrichioides at concentrations of 10-50% 
and produced measurable inhibition zones against the 
other tested pathogens depending on concentration. Even 
at a concentration of 1%, significant growth suppression 
was recorded particularly against F. sporotrichioides (29.0 ± 
1.73 mm). Acetoin also demonstrated strong inhibitory 
effects with inhibition zones ranging from 9.0 to 35.6 mm 
at concentrations of 10-50%. Its activity was especially 
pronounced against M. fructigena and P. chrysogenum.

Overall, the obtained data indicate that volatile 
metabolites particularly 2,3-butanediol play a key role in 
the antagonistic activity of L. paracasei 22. The inhibitory 
activity of the main metabolites against the pathogens is 
presented in Figure 4.

Figure 3. Phylogenetic tree constructed based on the nucleotide sequence analysis of the strain L22 and the 16S rRNA gene sequences 
of related strains.
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Table 2. Component composition of the culture broth of the strain determined by chromatographic analysis.

Amount of major 
compounds

Retention 
time. min

Identified compounds
Identification 
probability. %

Content. % 
(culture broth)

1 16.7 Acetic acid 91 46.0 (3.3)

2 22.3 Lactic acid 88 15.7 (1.4)

3 26.2 Hexanoic acid 80 1.8 (0.4)

4 28.5 Heptanoic acid 64 1.1 (0.1)

5 40.2 Hydrocinnamic acid 75 0.4 (0.9)

6 43.2 Pentadecanoic acid 62 0.8 (0.3)

7 44.8 Hexadecanoic acid 80 2.7 (1.1)

8 30.6 Octanoic acid 82 3.0 (1.8)

9 32.2 Sorbic Acid 70 1.0 (0.3)

10 32.6 Nonanoic acid 81 1.9 (0.9)

11 34.6 Decanoic acid 75 1.7 (0.9)

12 37.0 Benzoic acid 86 1.0 (0.5)

13 30.6 Octanoic acid 86 3.0 (1.8)

14 32.2 Sorbic Acid 75 1.4 (0.5)

15 25.3 Pentanoic acid. 4-methyl- 91 1.7 (0.9)

16 22.2 Benzoic acid. ethyl ester 71 1.1 (0.9)

17 12.0 Acetoin 80 1.3 (0.5)

18 18.6 Benzaldehyde 82 2.4 (1.6)

19 19.3 2,3-Butanediol 91 2.7 (1.1)

20 21.7 2-Acetylthiazole 66 1.4 (0.9)

21 21.8 Acetophenone 91 1.7 (0.4)

22 26.8 Benzyl alcohol 93 1.8 (0.2)

3.4. Efficacy of L. paracasei 22 against the main causative 
agents of apple fruit rot in laboratory experiments

3.4.1. Assessment of the inhibitory activity of the L. 
paracasei 22 strain

To evaluate the antagonistic activity of the selected 
L. paracasei 22 strain phytopathogenic fungi obtained 
from previous studies were used as test cultures. These 
were identified by sequencing as Monilinia fructigena, 
Alternaria alternata, Penicillium chrysogenum, and Fusarium 
sporotrichioides. The sequence of each showed ≥ 99% identity 
with those of validated reference strain.

As shown in Figure 5 the strain L. paracasei 22 exhibits 
antagonistic activity against the major causative agents of 
fruit rot. The diameter of growth inhibition zones produced 
by L. paracasei 22 (В-RКМ 1213) against different fungi 
ranged from 25 mm to 51 mm depending on the pathogen 
species. The maximum inhibition zone (51 mm) was 
observed against the pathogen M. fructigena.

3.4.2. Efficacy of the biopreparation under artificial inoculation

To evaluate the potential biological activity of the 
strain L. paracasei 22 in vitro apples were treated with a 
bacterial suspension prior to exposure to pathogenic fungal 

microflora. The results of assessing different application 
variants of the experimental biopreparation are presented 
in Table 4 and Figure 6 below.

Based on the data presented in Table 4 and Figure 6 visible 
symptoms of rot in untreated control fruits appeared on the 
5th day after inoculation. In the untreated controls, lesion 
development progressed throughout the observation period. By 
day 12, fruits inoculated with M. fructigena, A. alternata, and P. 
chrysogenum were completely rotted, whereas F. sporotrichioides 
produced mean lesion diameters of approximately 69–70 mm. 
In contrast, no visible lesions were observed up to day 12 in 
most fruits pretreated with L. paracasei 22 at 109 CFU mL−1. 
Statistical analysis confirmed significant differences between 
the treated and control groups (Р ≤ 0.05).

The addition of Tween 20 did not result in a significant 
increase in protective efficacy suggesting that the bacterial 
suspension provided sufficient surface colonization without 
the need for an additional surfactant.

3.5. Evaluation of different application methods of the 
biopreparation and storage conditions under production 
settings

Considering that under production conditions the 
application of the biopreparation by soaking fruits prior 
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Table 3. Toxic activity of different concentrations of the major metabolites produced by Lacticaseibacillus paracasei 22 against apple 
fruit rot pathogens.

Concentration, %
Inhibition zones, mm

Lactic acid Acetic acid Acetoin 2,3-Butanеdiol

M. fructigena

50 15.0±7.0 4.0±3.2 35.6±5.6 28.0±2.8

25 10.0±3.25 0 22.0±4.8 12.0±7.4

10 0 0 14.3±6.3 7.3±3.2

5 0 0 0 1.0±0.14

1 0 0 0 0

Control 0 0 0 0

F. sporotrichioides

50 17.0±3.7 16.0±1.26 21.3±3.25 -

25 7.6 ±2.92 0 19.6±3.74 -

10 0 0 9.0±3.0 -

5 0 0 0 -

1 0 0 0 29.0±1.73

Control 0 0 0 0

P. chrysogenum

50 7.8±2.25 4.9±4.0 26.0±1.41 28.3±4.0

25 1.1±0.5 0 20.3±6.37 27.0±3.7

10 0 0 0 20.0±5.6

5 0 0 0 5.6±4.12

1 0 0 0 0.4±0.5

Control 0 0 0 0

A. alternata

50 13.0±2.44 7.1±2.0 22.0±0.9 36.0±5.6

25 5.0±2.44 0 16.0±2.8 28.3±4.9

10 0 0 7.6±2.9 9.0± 3.7

5 0 0 2.1±4.0 1.5±2.4

1 0 0 0 0

Control 0 0 0 0

Note: Values are presented as mean ± standard deviation. 0 indicate the absence of a measurable inhibition zone; «-» indicates complete inhibition 
of fungal growth.

to storage is a labour-intensive process; experiments were 
conducted to evaluate the effectiveness of two application 
methods: spraying trees directly in the orchard at the stage 
of commercial fruit maturity and soaking fruits in the 
preparation immediately before long-term storage. These 
fruits were also stored under two types of storage conditions. 
The results of these experiments are presented in Table 5.

As shown in Table 5, the incidence of fruit rot varied 
depending on the treatment and storage conditions. Under 
standard cold-storage conditions (0–2°C; RH 85 ± 5%), 
fruit rot affected 35–40% of the untreated control fruits, 
compared with only 9–10% of the treated fruits. Under 
controlled-atmosphere storage, the incidence of fruit rot 
was substantially lower overall, ranging from 0.2–0.3% in the 
treated fruits and from 0.8–1.0% in the untreated controls.

Therefore, from a practical standpoint it is more 
advisable to apply the biopreparation by spraying directly 

in the orchard at the stage of commercial maturity of apple 
fruits as this method provides a comparable protective 
effect while offering greater technological convenience.

4. Discussion

Biological control based on plant-associated antagonistic 
microorganisms is increasingly recognized as a promising 
and environmentally responsible strategy for protecting 
fruit from phytopathogens. Interest in this approach 
is driven by the need to reduce reliance on chemical 
fungicides, limit the development of fungicide-resistant 
pathogen populations, improve food safety and lower 
the environmental burden associated with pesticide use.

Recent research on postharvest disease management has 
therefore focused increasingly on epiphytic and endophytic 
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bacteria, particularly lactic acid bacteria (LAB), which 
can suppress pathogens through several complementary 
mechanisms (Gerez et al., 2013; Marin et al., 2019).

In the present study, the LAB strain Lacticaseibacillus 
paracasei 22, formerly classified as Lactobacillus paracasei 

was isolated and identified using molecular methods. 
The strain displayed broad antagonistic activity against 
major fungal pathogens associated with apple fruit 
decay, including Monilinia fructigena, Alternaria alternata, 
Penicillium chrysogenum, and Fusarium sporotrichioides.

Figure 4. Results of the evaluation of the toxic activity of different concentrations of the main metabolites of the strain Lacticaseibacillus 
paracasei 22 against pathogens causing fruit rot.

Figure 5. Inhibitory activity of the strain Lacticaseibacillus paracasei 22 against the main causative agents of apple fruit rot.
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Table 4. Efficacy of different application variants of L. paracasei 22 against the main causative agents of rot under laboratory conditions.

Experimental treatments
Fruit rot diameter, mm/day

5 7 10 12

M. fructigena

L.paracasei 22 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

Control 23.0±0.61 42.0±4.1 75.0±0.7 FR*

L.paracasei22 + Tween 20 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

Control 24.4±19.2 57.8±30.1 84.4±26.9 FR

A. alternata

L.paracasei 22 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

Control 24.4±19.2 57.8 ± 30.1 84.4 ± 26.9 FR

L.paracasei22 + Tween 20 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

Control 24.4±19.2 57.8±30.1 84.4±26.9 FR

P. chrysogenum

L.paracasei 22 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

Control 23±10.1 33.4±9.8 69.0±7.2 FR

L.paracasei22 + Tween 20 20.0±0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

Control 24.4±19.2 57.8±30.1 84.4±26.9 FR

F. sporotrichioides

L.paracasei 22 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

Control 0.0 ± 0.0 0.0 ± 0.0 12.6±2.9 70.0±1.41

L.paracasei+ Tween 20 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

Control 0.0 ± 0.0 1.8±2.7 7.9±11.4 69.0±5.6

Note: FR indicates that the fruit samples were fully rotted.

Figure 6. Efficacy of apple fruit treatment with a biopreparation based on L. paracasei 22 against major pathogens under artificial 
inoculation (day 12); (а) against M. fructigena; (b) P. сhrysogenum; (с) F. sporotrichioides; (d) A. alternata.

These findings are consistent with previous studies 
showing that members of Lacticaseibacillus and related 
LAB genera can inhibit a wide range of fungal pathogens 
responsible for postharvest diseases of pome and stone fruits. 

Their effectiveness is unlikely to depend on a single antifungal 
factor. Instead, it appears to result from several interacting 
processes, including the production of antimicrobial 
metabolites, competition for nutrients and colonization 
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sites, biofilm formation, acidification of the fruit surface, 
and, potentially, the stimulation of host defense responses 
(Dubourg et al., 2015; Gerez et al., 2013; Marin et al., 2019).

Importantly, the combined activity of several 
antimicrobial compounds may provide stronger and more 
stable pathogen suppression than any individual metabolite 
acting alone. A similarly multifactorial mechanism is 
likely to operate in L. paracasei 22. This could explain why 
the strain inhibited fungal species belonging to several 
taxonomically distinct groups.

The broad spectrum of activity displayed by L. paracasei 
22 is particularly noteworthy. Many previous studies of 
LAB-based biocontrol have concentrated on one pathogen 
or a small group of pathogens, especially species belonging 
to Penicillium, Botrytis, and Monilinia (Crowley et al., 2013; 
Gerez et al., 2013; Marin et al., 2019). In contrast, L. paracasei 
22 simultaneously inhibited several economically important 
agents of postharvest apple decay. This broader activity 
may increase its value as a practical biocontrol agent.

Taken together, these properties support the potential 
use of L. paracasei 22 for the biological protection of apple 
fruit. The strain may offer an environmentally safer means 
of reducing postharvest losses and decreasing reliance on 
conventional fungicides. This approach is also consistent with 
the broader principles of integrated disease management, in 
which chemical treatments are complemented or partially 
replaced by effective biological products.

For practical production, the strain was cultivated in 
modified MRS-T medium. The medium was developed 
from the conventional MRS formulation. Cultivation was 
conducted in a temperature-controlled incubator at 30°C 
for one to two days.

The resulting L. paracasei 22-based preparation was 
effective both in laboratory experiments involving artificial 
inoculation with major fruit-decay pathogens and during 
apple storage under controlled conditions. This consistency 
is important because strong antagonistic activity in vitro 
does not always translate into effective protection on 
fruit. Successful postharvest biocontrol also depends on 
the microorganism’s ability to survive on the fruit surface, 
compete with the resident microbiota, colonize available 

ecological niches, and maintain an effective population 
throughout storage (Larena et al., 2005; Trias et al., 2008).

Two application methods were evaluated under production 
conditions: spraying fruit in the orchard at commercial 
maturity and dipping harvested fruit before storage. No 
substantial difference in protective effectiveness was 
observed between the two treatments. From a technological 
and economic perspective, however, preharvest spraying in 
the orchard appeared to be the more practical approach.

This result agrees with the findings of Larena  et  al. 
(2005), who reported that preharvest treatment of trees 
with a biological preparation based on Epicoccum nigrum 
significantly reduced brown rot incidence during storage. 
The authors attributed this effect to early colonization of 
the fruit surface by the antagonist, which gave the biological 
control agent a competitive advantage over the pathogen.

Comparable persistence has also been reported for LAB. 
Trias et al. (2008), for example, found that the population 
of Lactiplantibacillus plantarum ATCC 14917 remained 
almost stable in apple wounds for 142 days of storage at 
0.5-1°C. Roselló et al. (2013) likewise demonstrated that 
several L. plantarum strains were effective in the biological 
preservation of apples and pears against Erwinia amylovora.

Together, these studies indicate that early and stable 
colonization of the fruit surface is a major determinant 
of successful biological control. Establishment before 
pathogen infection allows antagonistic microorganisms 
to occupy available sites, use local nutrients, and form 
persistent populations that restrict subsequent pathogen 
establishment and development.

The present study not only supports earlier reports 
describing LAB as promising biological control agents but 
also expands current knowledge of the potential application 
of L. paracasei 22 during long-term apple storage. Unlike 
studies limited to individual laboratory models, this work 
demonstrated protective activity under both laboratory and 
production conditions. This substantially strengthens the 
practical relevance of the findings.

Nevertheless, additional work is needed before large-
scale commercial implementation. Future studies should 
evaluate formulation stability, shelf life, compatibility with 
existing storage technologies, consistency across apple 

Table 5. Effectiveness of different storage methods and application approaches of a biopreparation based on L. paracasei 22 against 
apple fruit rot during storage.

No Variants
Number of fruits affected by rot. %

Fruit storage facility with a ventilation system Controlled atmosphere (CA) storage

Treatment of trees at the stage of commercial maturity

1 L.paracasei 22 10 0.2

2 L.paracasei 22 + Twеen 20 10 0.2

3 Control (without treatment) 40 1.0

Soaking in the antagonist culture liquid prior to storage

5 L.paracasei 22 10 0.3

6 L.paracasei 22 + Twеen 20 9 0.25

7 Control (without treatment) 35 0.8
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cultivars and growing seasons, sensory effects on treated 
fruit, and biosafety under commercial conditions. Direct 
comparisons with standard fungicide programs would also 
help determine the extent to which L. paracasei 22 could 
reduce conventional chemical treatments.

5. Conclusion

This study investigated the antagonistic potential of the 
lactic acid bacterium Lacticaseibacillus paracasei 22 against 
major postharvest pathogens of apple fruits. The quantitative 
composition of its metabolites was determined, and their 
antifungal activity predominantly associated with volatile 
compounds was demonstrated. The biological efficacy 
of the developed biopreparations was evaluated under 
laboratory conditions using artificial inoculation as well 
as under commercial storage conditions with comparison 
of preharvest and postharvest application strategies. The 
results obtained confirm the high potential of L. paracasei 
22 as an innovative and environmentally safe biocontrol 
agent capable of replacing or significantly reducing the use 
of chemical fungicides while enhancing the preservation and 
quality of apple yield under practical production conditions.
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