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Abstract

Microbial contamination of coffee beans arises from various factors such as harvesting, handling, and storage practices,
during which ochratoxin A (OTA)-producing fungi develop and proliferate. The presence of elevated concentrations of OTA
poses a serious health risk to coffee consumers. Therefore, the implementation of a post-harvest treatment involving the use
of bacteria known to antagonize OTA-producing fungi constitutes a safe alternative for reducing or eliminating the toxin’s
concentration in coffee beans. In this study, coffee beans (Coffea arabica L.) were inoculated with Bacillus licheniformis
M2-7, after which we monitored fungal growth, in vitro antagonism, and OTA concentration. Our findings demonstrated
that coffee beans inoculated with this bacterial strain exhibited a significant decrease in fungal populations belonging to the
genera Aspergillus and Penicillium, which are known to produce OTA. Moreover, strain M2-7 decreased the growth rates of
these fungi from 67.8% to 95.5% (P <0.05). Similarly, inoculation with B. licheniformis strain M2-7 effectively reduced the
OTA concentration from 24.35 +1.61 to 5.52 +1.69 pg/kg (P <0.05) in stored coffee beans. These findings suggest that B.
licheniformis M2-7 holds promise as a potential post-harvest treatment for coffee beans in storage, as it effectively inhibits

the proliferation of OTA-producing fungi and lowers the toxin’s concentration.

Introduction

Harvesting, handling, and storage practices play a crucial
role in ensuring the safety and quality of coffee beans.
During the storage phase, fungi capable of producing
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ochratoxins proliferate inside the coffee beans, predomi-
nantly those belonging to the genera Aspergillus and Peni-
cillium [1]. The Ochratoxin A (OTA) is a toxin found natu-
rally in various food items, including nuts, cereals, alcoholic
beverages, and coffee beans [2, 3]. It is important to high-
light that, the OTA is a highly stable molecule, that resists
high temperatures, the use of cooking or roasting processes
for coffee or any other contaminated food does not alter its
structure preserving its toxicity [4].

Consumption of coffee contaminated with OTA causes
this molecule to be absorbed through the gastrointestinal
tract and easily distributed to the blood and tissues [5]. The
consumption of foods and beverages contaminated with
high levels of OTA causes alterations in cellular respiration,
DNA, and protein synthesis, resulting in the production of
hydroxy radicals and consequently important repercussions
for health [6]. The European Regulatory Commission (EC)
[7] has established Regulation N® 1881/2006, which outlines
permissible mycotoxin levels in food, specifying that the
allowable limit of OTA in roasted coffee beans must not
exceed the threshold of 5 pg/kg [8].
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The International Agency for Research on Cancer (IARC)
[9] has classified OTA under category 2B as a possible human
carcinogen. Various methods have been proposed for OTA
removal, including the use of organic and inorganic adsor-
bents, irradiation, high pressure, ultrasonics, ozone treat-
ment, and thermal degradation [8]. However, very few studies
have explored biological alternatives to reduce the growth
of toxin-producing fungi and OTA production in coffee. De
Melo Pereira [10] reported that Pichia fermentans LPBYB13
reduces the growth of Aspergillus westerdijkiae in cof-
fee beans, thus decreasing OTA concentrations. Similarly,
Peromingo [11] found that Debaryomyces hansenii reduced
OTA concentrations in dry-cured sausages and ham. Further-
more, Ragoubi [12] successfully eliminated mycotoxins from
contaminated foods using lactic acid bacteria (LAB). More
recently, Nievierowski [13] reported that Bacillus velezensis
P1 reduces the occurrence of ochratoxins in grapes infected
with Aspergillus carbonarius during winemaking.

The mechanism through which microorganisms inhibit or
diminish the growth of phytopathogenic or OTA-producing
fungi primarily involves an antagonistic effect, which is mainly
attributed to the production of mycolytic enzymes, antibiot-
ics, siderophores, and hydrocyanic acid [14]. Recent reports
indicate that Bacillus licheniformis M2-T acts as an antago-
nist against phytopathogenic fungi such as Aspergillus ory-
zae, Colletotrichum sp., and Aspergillus niger, inhibiting their
growth by 35-45% [15]. This inhibition by B. licheniformis is
associated with malformation and damage to the hyphae, caus-
ing them to become thinner, fragmented, and less defined com-
pared to the well-defined, elongated, and unswollen hyphae of
the fungus when growing in the absence of the bacterium [15].

Additionally, B. licheniformis M2-7 has also been evalu-
ated against other phytopathogenic fungi such as Fusarium
oxysporum, Microdocum sp., Curvularia lunata, and Phoma
sp., resulting in growth rate reductions ranging from 22.6%
to 81.1% [16]. Based on these previous reports, our study
sought to explore a novel strategy to mitigate the prolifera-
tion of OTA-producing fungi in coffee beans through post-
harvest treatments employing antagonistic microorganisms.
Specifically, our study assessed the impact of B. licheni-
Jormis M2-7 on OTA-producing fungi and the concentration
of OTA in Capulin coffee beans during storage. Therefore,
the findings of this study provide a valuable basis for the
development of strategies and tools for reducing OTA levels
in coffee beans under storage conditions.

Materials and Methods
Collection of Coffee Samples

The coffee bean (Coffea arabica L.) samples were collected
in the “Eden” community (altitude 1469 m above sea level
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latitude 17°29'41.4 altitude 100°45'56.6) municipality of
Tecpan de Galeana in the Guerrero State, Mexico. A total of
3300 g of Capulin coffee were harvested by hand from ran-
dom coffee plants, transported in a cooler in airtight Ziploc
bags, and kept refrigerated in the laboratory of Molecular
Microbiology and Environmental Biotechnology at the
Autonomous University of Guerrero.

Bacterial Strain and Culture Conditions

All experiments were conducted using the B. licheniformis
M2-7 strain [17]. Briefly, the bacterial cells were grown in
Luria Bertani broth (LB) containing the following com-
ponents per liter: yeast extract (5 g), peptone (10 g), and
sodium chloride (10 g), with a final pH adjusted to 7.5. The
cultivation was performed at 35 °C with continuous agitation
at 180 rpm for 24 h.

Evaluation of B. licheniformis M2-7 Growth
of the Bioformulates

To develop the bioformulation, a 6% molasses-based
medium was inoculated with B. licheniformis M2-7 obtained
from a 24-h incubation in LB medium culture. The initial
optical density at 600 nm (ODg,) was adjusted to 0.02, and
the mixture was incubated at 35 °C with continuous agita-
tion at 180 rpm for up to 10 days. To determine the colony
forming units (CFU), samples were collected at 0, 3, 6, 12,
24,24, 36, 48, 48, 60, 72, 96, 120, 144, 168, 192, 216, and
240 h of incubation. The ODyg, of each sample was then
measured, followed by serial dilutions. At the beginning of
the experiment (time 0), 50 ul of the culture was extracted
and plated. Next, a 1x 107 dilution was plated at 3 and 6 h,
followed by a 1 x 10* dilution from 12 to 240 h. For all dilu-
tions, 50 pl of the culture samples was deposited on nutrient
agar plates with the following composition per liter: plurip-
eptone (5.0 g), meat extract (3.0 g), sodium chloride (8.0 g),
and agar (5.0 g). The plates were then allowed to incubate
at 35 °C for 24 h and CFUs were counted for each sample
in triplicate.

Inoculation of Coffee Beans with B. licheniformis
M2-7 Bioformulates

Two experimental groups were prepared for the inoculation
experiments: the control group (T0), which consisted of
1650 g of coffee beans mixed with a 0.9% saline solution,
and treatment 1 (T1), consisting of 1650 g of coffee beans
mixed with a bioformulation that had undergone 48 h of
incubation (containing 10® CFU/ml). Both treatments were
incubated for 2 h at room temperature, left to dry for 15 days
and then stored for up to 45 days. Throughout this period,
samples were collected at 0, 15 and 45 days of storage to
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monitor the total fungal colony count and OTA concen-
tration. The total fungal colony count was determined by
analyzing four coffee beans from both treatments, TO and
T1, at each of the specified time points (0, 15, and 45 days
of storage). The beans were placed in Petri dishes contain-
ing PDA medium with the following composition per liter:
potato starch (4 g), dextrose (20 g), and agar (15 g). The
Petri dishes were then incubated for 7 days at 30 °C, after
which colony counting was conducted. The drying process
was carried out in an open, ventilated area that facilitated
the natural flow of air, allowing the coffee beans to dry at
an ambient temperature ranging from 20 to 30 °C, with a
relative humidity of approximately 70%, spanning a period
of 15 days. The dried coffee beans were then stored in jute
bags at room temperature.

Isolation and Macro- and Microscopic Identification
of Fungi

Fungal isolation was conducted as described by Luna and
Trigos [18]. Briefly, four coffee beans were collected from
treatments TO and T1 at 0, 15 and 45 days of storage. The
beans were then placed in Petri dishes containing PDA
medium with the following composition per liter: potato
starch (4 g), dextrose (20 g), and agar (15 g). Afterward,
the Petri dishes were incubated for 7 days at 30 °C, with
daily monitoring. For the microculture technique, a humid
chamber (Petri dish), and a cube of PDA agar were placed
on a slide, then the fungus was seeded on the sides of the
agar and a coverslip was placed. After incubation at 30 °C,
the coverslip with the formed fungal filaments attached was
taken and placed on a slide containing a drop of lactophe-
nol cotton blue for microscopic observation at 100x [19].
The identification of the fungi obtained was carried out by
observing the macro and microscopic morphological charac-
teristics with the help of specialized taxonomic keys Barnett
and Hunter [20]. Additionally, the Index Fungorum data-
base (http://www.indexfungorum.org/) was consulted. The
macroscopic study was determined by observing the color,
mycelial growth form and pigment production of each fungal
strain. The microscopic characteristics considered were the
presence of specialized structures such as conidium, conidi-
ophore, sterigma, metula, microconidium, rhizoid, vesicle,
sporangiophore and sporangium.

Molecular Identification of Fungi

Genomic DNA was extracted from fresh mycelia grown
in PDA medium and incubated at 30 °C using the Quick-
DNATM fungal/bacterial miniprep kit (Zymo research)
according to the manufacturer’s instructions. The extracted
DNA was quantified in NanoDrop Spectrophotometer 2000
(Thermo Fisher Scientific) and analyzed on a 1% (w/v)

agarose gel. Next, a fragment (650 bp) of the ITS gene was
amplified via polymerase chain reaction (PCR) using the
ITS1 (5'-CTTGGTCATTTAGAGGAAGTAA-3') and ITS2
(5'-TCCTCCGCTTATTGATATGC-3") primer pair. Each
sample was amplified in triplicate using 10 ng of DNA as
a template, 10x reaction buffer (2.5 ul), 25 mM dNTPs
(2 ul), MgCl, (2 pl), 10 pmol oligonucleotides ITS1 and
ITS4 (1.5 pl each), and recombinant Taq DNA polymerase
(0.5 pl). The volume of each reaction was adjusted to 25 pl
using sterile distilled water. The thermal cycler protocol
consisted of an initial denaturation cycle at 95 °C for 5 min,
followed by 30 cycles of denaturation at 95 °C for 1 min,
annealing at 59 °C for 1 min, and elongation at 72 °C for
1 min, with a final elongation cycle at 72 °C for 1 min. The
resulting amplification products were separated through 1%
agarose gel electrophoresis (SIGMA) and visualized using
a transilluminator. The samples were then purified using the
Gene JET PCR Purification kit (Thermo Scientific).

Sequencing Data and Phylogenetic Analyses

The sequencing was conducted at the Institute of Biotech-
nology of the National Autonomous University of Mexico
(UNAM) using the Sanger method with fluorescent dide-
oxy terminators and an automated sequencer [21]. The ITS
region sequences were aligned and compared with other
sequences in Clustal O [22] and GeneBank using NCBI
basic local alignment search tools BLAST program [23].
The evolutionary history was inferred using the IQTREE
method [24]. The bootstrap consensus tree inferred from
1000 replicates [25] is taken to represent the evolutionary
history of the taxa analyzed [25]. The percentage of repli-
cate trees in which the associated taxa clustered together in
the bootstrap test (1000 replicates) are shown next to the
branches [25]. The evolutionary distances were computed
using the TIM2 + 1+ G4 method [26]. Trees were visualized
and edited with iTOL v5 [27]. Saccharomyces pastorianus
as a proper outgroup in the tree was used. The GeneBank
accession numbers for the examined ITS region sequences
are as follows: Aspergillus sp. MCA-4 (OR482198) and
Aspergillus sp. MCA-5 (OR482199), Penicillium sp. MCA-1
(OR482195), Fusarium sp. MCA-3 (OR482197) and Cur-
vularia sp. MCA-2 (OR482196).

In Vitro Antagonism

To determine the antagonistic effect of B. licheniformis
M2-7 against fungal growth, in vitro tests were conducted
as described by Tejera [28]. The B. licheniformis M2-7
inoculum was prepared from a 24-h LB culture incubated at
35 °C. The bacterial culture (10% CFU/ml) was then placed
in Petri dishes containing PDA medium. A 5 mm diameter
disk of mycelium from each fungal isolate was placed in
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the center of the Petri dish and incubated for 7—15 days at
30 °C. The diameter of the mycelium was measured with a
ruler and the percentage of inhibition was calculated using
the equation described by Tejera [28].
- T)x 100

Inhibitionpercentage% = w,

where C is the diameter of the fungal mycelium in the
negative control without bacteria and T is the diameter of
the fungal mycelium with B. licheniformis.

Determination of OTA

The extraction and quantification of OTA from coffee beans
in the TO and T1 treatments at 0, 15, and 45 days of stor-
age were conducted as described by Estrada [29]. Briefly,
10 g of the ground coffee sample was placed in a 125 ml
flask, followed by 50 ml of extraction buffer. The mixture
was then centrifuged twice, first for 5 min at 420 rpm and
then for 5 min at 3500 rpm, both at room temperature. The
OTA concentration was determined using the Ridascreen
Fast Ochratoxin test kit (R-Biopharm AG, Darmstadt, Ger-
many) according to the manufacturer’s instructions. The
absorbance of the samples was measured at 450 nm using a
spectrophotometer (Stat Fax 2100).

Statistical Analysis

Statistical analyses were performed using the Prisma and
SigmaPlot software. All assays were conducted in triplicate
and pairwise comparisons were conducted via Student’s
i-test, whereas the percentage of inhibition was analyzed
via Tukey’s test.
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Fig.1 Growth kinetics of Bacillus licheniformis M2-7 in the bio-
formulation. (a) Absorbance units D.O.4y, (b) and Colony Forming
Units count at 0, 3, 6, 12, 24, 36, 48, 60, 72, 96, 120, 144, 168, 192,
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Results

Bacillus licheniformis M2-7 Growth
in the Bioformulations

The growth of B. licheniformis M2-7 was evaluated in
a molasses-based bioformulation. Figure 1 illustrates the
absorbance units (OD,, Fig. la), as well as the CFUs
(Fig. 1b) obtained from the beginning of the experiment
(time 0) to 60 days of incubation. The ODg, and the initial
CFU concentration of the inoculum in the flasks were 0.02
and 1 x 10° CFU/ml, respectively. The maximum growth
was achieved at 60 h of incubation and onwards, with con-
centrations as high as 10x 10* CFU with an ODy, of 1.04.
These results reflect an increase in CFU of 2 units with
respect to the initial inoculum.

Bacillus licheniformis M2-7 Reduces Fungal Growth
in Stored Coffee Beans

Capulin coffee beans from treatment TO and treatment
T1 were monitored at 0, 15 and 45 days of storage. As
depicted in Fig. 2, the CFU count was monitored through-
out the observation period. Here, we identified significant
differences (P <£0.05) in the number of CFU in coffee
beans without (T0) and with B. licheniformis M2-7 (T1)
at different storage times (0, 15 and 45 days). Particularly,
the TO coffee beans exhibited a greater number of CFU
(Fig. 2a—c), whereas those inoculated with B. licheni-

Sformis M2-7 (T1) displayed an up to 37.5% reduction

in the occurrence of CFU from 0 to 45 days of storage
(Fig. 2a—c).

b)
1.5x10° 4

100 150
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0 50 200 250

216 and 240 h. The error bars indicate the Standard Deviation (SD)
of three replicates (n=3)
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Fig.2 CFU fungi count from stored dried coffee beans in storage
conditions. Coffee beans at 0 (a), 15 (b) and 45 (c) days of storage
uninoculated with B. licheniformis M2-7 and coffee beans at 0 (a), 15
(b) and 45 (c) days of storage previously inoculated with B. licheni-

Identification of Two Genera of OTA-Producing
Fungi in Stored Coffee Beans

Pure cultures of the contaminating fungi found in Capu-
lin coffee beans (TO) were established for macroscopic and
microscopic identification (Fig. 3). Using taxonomic keys
and consulting the Index Fungorum database, five fungi
belonging to four genera were identified, which were: two
Aspergillus sp. strains MCA-4 and MCA-5 (Fig. 3a, b, 1, g),
Penicillium sp. MCA-1 (Fig. 3¢, h), Fusarium sp. MCA-3
(Fig. 3d, i) and Curvularia sp. MCA-2 (Fig. 3e, j). Fig-
ure 3a, b shows the characteristic macroscopic morphol-
ogy of Aspergillus sp., yellowish green in color. Figure 3f,
g shows the microscopic structures conidiophore, vesicle,
metula, and conidia are larger and smooth characteristic of

Jormis M2-7. Error bars indicate the Standard Deviation (SD) of

three replicates (n=3). ***Indicates significant statistical differences
(P<0.05, Student’s t-test)

the genus Aspergillus. Figure 3¢ shows the macroscopic
morphology of Penicillium sp., with a woolly or cottony
appearance, turning blue-green or gray and growing in
5 days. Figure 3h shows microscopy with septate hyaline
hyphae, conidiophores have secondary branches, called
metula, long unbranched chains of spores or conidia. Fig-
ure 3d shows the macroscopic morphology of Fusarium sp.,
with purple-violet coloration, white cottony mycelium, and
growth in 5 days. In Fig. 3i, the microscopy shows elliptical
to oval microconidia, single and double chlamydospores,
intercalary and terminal, three or four septa, and three or
four septa. Figure 3e shows the macroscopic morphology of
Curvularia sp. growing in 7 days, black hairy color, micro-
scopic morphology shows that it has conidia of cylindrical
or slightly curved shape, with one of the central cells being

W f."_'
'r' M . N - /
4 y * -7‘€}"‘-$ -
f) g

h)

i

Fig.3 Macroscopic and microscopic morphology of fungi present in capulin coffee beans. Macro and micro morphology defining to Aspergillus
sp. (a, b, f and g), Penicillium sp. (¢ and h), Fusarium sp. (d and i), Curvularia sp. (e and j). The microscopic structure was observed at X100
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larger and darker (Fig. 3j). To further characterize the iso-
lated fungi, their ITS region sequences were obtained by
amplifying, sequencing their DNA fragments, and analyz-
ing from BLAST. These results were found to be the closest
homologs of Aspergillus sp. MCA-4, Aspergillus sp. MCA-
5, Penicillium sp. MCA-1, Fusarium sp. MCA-3, and Cur-
vularia sp. MCA-2 strains (Fig. 4), which coincided with the
morphological identification.

The first one belongs to the Aspergillus group and con-
tain two isolates showing a unique ITS sequence (MCA-4
and MCA-5) sharing a 94.05% identity with Aspergillus
aflatoxiformans (NR_171606.1) and Aspergillus tama-
rit (NR_135325.1) with 97.58% identity. The second one
(MCA-1) belongs to the Penicillium group and displays the
same ITS sequence as Penicillium brocae (NR_111868.1)
with 99.4% identity. The third (MCA-3) belongs to the
Fusarium group, displaying the same ITS sequence as
Fusarium pseudoanthophilum (NR_163682.1) with 98.66%
identity. The fourth one (MCA-2) belongs to the Curvularia
group; displaying the same ITS sequence as Curvularia
pseudobrachyspora (NR_164423.1) with 99.4% identity.

Bacillus licheniformis M2-7 Inhibits the Growth
of OTA-Producing Fungi

The impact of B. licheniformis M2-7 on the growth of fungi
isolated from coffee beans, some of which are known OTA
producers (e.g., Aspergillus and Penicillium), was examined.
B. licheniformis M2-7 eftectively inhibited the growth of all
fungi. Specifically, A. oryzae MCA-4 growth was inhibited
by 74%, A. tamarii MCA-5 by 67.8%, P. brocae MCA-1 by
87.5%, Fusarium odoratissimum MCA-3 by 83.9%, and C.
pseudobrachyspora MCA-2 by 95.5% (Fig. 5).

Bacillus licheniformis M2-7 Decreases OTA
Concentrations in Stored Coffee Beans

The concentration of OTA in Capulin coffee was determined
at 0, 15 and 45 days of storage in the absence and presence
of B. licheniformis M2-7 (Table 1). We observed that the
dried coffee beans with 0 days of storage without bacteria
(T0) and with B. licheniformis M2-7 (T1) exhibited OTA
concentrations of 27.76 and 24.35 ng/kg, respectively, with
significant differences between the two groups (£ <0.05).
After 15 days of storage, the dried coffee without bacteria
(TO) and with B. licheniformis M2-7 (T1) exhibited OTA
concentrations of 20.16 and 10.10 pg/kg, respectively.
This timeframe exhibited the most significant difference
(P <0.005) between the two experimental groups. Cof-
fee stored for 45 days without bacteria (TO) and with B.
licheniformis M2-7 (T1) exhibited OTA concentrations of
10.45 and 5.52 pg/kg, respectively (P <0.05, Table 1). In
dry coffee beans stored for 45 days, the concentration of
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OTA decreased by 62.35% without B. licheniformis M2-7,
whereas a 77.33% decrease was achieved in the presence of
B. licheniformis M2-7.

Discussion

Most studies report that processing conditions play an impor-
tant role in OTA contamination, since coffee beans are usu-
ally dried in a rudimentary manner, exposing them to the
environmental conditions of the environment (Dirt, dust and
humidity) which favor the growth of OTA-producing fungi [1].
The way to reduce contamination by OTA-producing fungi
is by controlling handling conditions [30], but we demon-
strate that the development of bacterial formulations and their
use as post-harvest treatment, using low-cost raw materials
(molasses), is also a good option. Mota et al. [31] reported
that molasses is rich in reducing sugars, with approximately
60% of the solids comprising sucrose, glucose, and fructose,
in addition to other organic substances such as amino acids
that facilitate the biomass development of certain microor-
ganisms. Here, the utilization of a formulation containing B.
licheniformis M2-7 in a 6% molasses-based medium yielded
a favorable growth rate using cost-effective raw materials. The
growth of B. licheniformis M2-7 in this culture medium can be
attributed to the utilization or oxidation of available sugars as
energy and carbon sources through catabolic pathways. This
phenomenon aligns with the growth exhibited by Lactobacil-
lus plantarum when cultivated in a medium containing 20%
molasses, reaching concentrations of up to 10° CFU/ml [32].
The presence of fungi in coffee beans may be attributed to
suboptimal harvesting, processing, and storage practices, along
with the prevailing environmental conditions during storage. It
is also worth noting that the municipality of Eden experiences
a humid and cool climate, with temperatures ranging from 20
to 25 °C. This climate is conducive to fungal proliferation,
which is consistent with the findings of Cotty and Jaime [33],
who reported that lower temperatures of approximately 25 °C
favor fungal growth. Multiple studies have demonstrated the
influence of processing conditions on OTA contamination,
particularly the use of rustic drying methods that expose coffee
beans to environmental factors such as dirt, dust, and humid-
ity, all of which create a favorable environment for the growth
of OTA-producing fungi. One common approach to mitigate
contamination by OTA-producing fungi is to carefully control
handling and processing conditions [30]. However, our find-
ings demonstrated that the development of bacterial formula-
tions and their utilization as post-harvest treatments is also a
viable option. This formulation can be effectively used as a
post-harvest treatment to reduce the amount of fungi present
in coffee beans by up to 37.5% during the storage process.
In this work we were able to identify fungi present in cof-
fee beans belonging to the genera Aspergillus, Penicillium,
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= Nt 103650.1 Pansciium herquel CBS 336 48
m

HR 173372.1 Panicillium dokdosnss CNUFC DDS11-1

NR 177502.1 Peniollium cemadense UB 23077
m

NR 121224.1 Paricitium ciirinum NRRL 1841

MR 163675,1 Penicilum terranum CBS 313,67
NR 137612.1 Panicillium Muviserpens NRRL 358348
NR 1213441 Panicillium malacasnse NRRL 36754

™

.I—Nn 163549.1 Penicilium neoechinulatum CBS 169,67
NR 176682.1 Panicillium digitatum

-{-“R 121232.1 Penicillum oxaicurn NRAL 787
t

™
NR 172002,1 Panicilium infrabuccalum DAOMC 250537

— NR 138307 1 Penicilium hispanicum CBS 601.77

NR 131268.1 Aspergiilus japonicus CBS 11461

NR 136399, 1 Aspergilus coramilfarmis NRRL 13603

NR 1716061 Aspergilus aflstoxiformans CBS 143670
“ onaszios Aspergitus sp MCA-4

OR482190 Aspargitus sp MCA-6

NR 135384 1 Aspergilus lanosus NRRL 3648

NR 135327.1 Aspergillus leporis NRRL 3216

R 154725.1 Aspargillus hancookil FRR 3425

NR 077148,1 Aspergillus candidus ATCC 1002

©NR 1036051 Aspergitus efipticus CBS 707.79

NR 118514.1 Aspergillus ibericus IMI 391420

MR 136373.1 Aspergillus robustus NRRL 6362
NR 111840.1 Aspergibus lanneri ATCC MYA-4905
N 111684.1 Aspargiius affinis ATCC MYA-4773

NR 135388, 1 Asporgillus auricomus NRRL 391

Fig.4 Phylogenetic identification of the fungi based on ITS region of DNA sequences. The evolutionary detachments were calculated using IQTREE method
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Fig.5 In vitro antagonistic effect of B. licheniformis M2-7 on fungi
isolated from coffee beans, Aspergillus oryzae MCA-4, Aspergillus
tamarii MCA-5, Penicillium brocae MCA-1, Fusarium odoratissi-
mum MCA-3 and Curvularia pseudobrachyspora MCA-2. Error bars

Table1 OTA concentrations of capulin coffee samples at different
storage times with no bacteria and with B. licheniformis M2-7

Time of Concentration (ug/kg) TO"  Concentration (ug/kg) T1°
storage

(days)

0 2776+ 1.12% 2435+ 1.61*

15 20.16+ 1.68* 10.10+0.59**

45 10.45+3.67* 5.52+1.69%

Error bars indicate Standard Deviation (SD) (n=3)
*TO: Coffee without B. licheniformis M2-7
"T1: Coffee inoculated with B. licheniformis M2-7

* and ** Indicates significant statistical differences (P <0.05* and
P <0.005%*, Student’s r-test)

Fusarium and Curvularia by macro- and microscopic and
molecular identification. The macro- and microscopy iden-
tification of Aspergillus sp. coincides with that reported by
Hu et al. [34], who explain that it is a filamentous fungus with
a green color. The identification of Penicillium sp. coincides
with what was reported by Morales and collaborators [35],
who point out that this fungus presents filamentous and hairy
bluish-green and gray colonies, with septate hyphae with
metulae with long unbranched chains, growth conidia. It is
well-known that this fungus causes postharvest fruit rot. The

@ Springer

indicate Standard Deviation (SD) of three independent experiments
(n=3). ***Indicates significant statistical differences (P <0.05, Tuk-
ey’s test)

identification of Fusarium sp. corresponds to that reported
by Castro and collaborators [36], who indicate that present
mycelial growth of purple-violet coloration in PDA culture
medium with the microscopic characteristics macroconidia,
septa, phialides and chlamydospores and is a phytopathogenic
fungus of leaves, seeds and fruits. And finally regarding Cur-
vularia sp., Requena and collaborators [37] report that it has
conidiophores and curved conidia, its growth takes 7 days,
its color is black, and it is a phytopathogenic fungus. Among
these four identified genera, Aspergillus and Penicillium have
been reported as OTA producers [38, 39]. Wang and Zhuang
[40] reported a comprehensive summary of OTA-producing
Aspergillus species, including Aspergillus alliaceus, Aspergil-
lus sclerotiorum, Aspergillus sulphureus, Aspergillus alberten-
sis, Aspergillus auricomus, and Aspergillus wentii. Similarly,
OTA-producing Penicillium species such as Penicillium ver-
rucosum, Penicillium nordicum and Penicillium expansum
have also been isolated and identified. However, there may
still be unexplored species within these genera that possess the
capability to produce this mycotoxin. Deoxynivalenol (DON)
and T-2 are among the most important mycotoxins produced
by the members of the genus Fusarium. These mycotoxins
are produced during plant infection and, when consumed by
humans, can induce intracellular oxidative stress, potentially
leading to DNA damage [41]. Curvularia, on the other hand,
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is primarily recognized as a phytopathogenic agent responsi-
ble for seed deterioration and the causative agent of leaf spot
disease in maize [42]. The presence of fungi in food poses
a serious safety concern, and considerable efforts have been
dedicated to inhibiting the growth of microorganism in food.
The use of antagonistic bacteria such as B. licheniformis M2-7
constitutes an effective strategy is to inhibit the growth of fungi
within food matrices [43]. In the present study, inoculating cof-
fee beans with B. licheniformis M2-7 substantially decreased
the occurrence of fungi during the storage period by imped-
ing their growth. These findings align with those of Bahena-
Oregodn [16], who reported that the same bacterial strain
inhibited the growth of phytopathogenic fungi (e.g., Micro-
dochium, Curvularia, Hypoxylon, Phoma, Xylaria, Micro-
phaeropsis, and Fusarium) associated with various diseases
in maize, with inhibition rates ranging from 22.6% to 81.1%.
Additionally, other studies have indicated that B. licheniformis
M2-7 inhibited the growth of phytopathogenic fungi such as
A. oryzae, Colletotrichum sp., and A. niger by 35-45%. These
phytopathogenic fungi are responsible for diseases such as
anthracnose and cenicilla in mango crops. The presence of
B. licheniformis M2-T causes fragmentation of fungal hyphae
and triggers the activation of metacaspases leading to pro-
grammed cell death [15]. This mechanism could explain the
inhibitory effect exerted by B. licheniformis M2-7 against the
fungi in this study. It is worth noting that the OTA concentra-
tions in the Capulin coffee used in this study (10.4-27.7 ug/
kg) substantially exceeded the permissible levels of OTA
established by the European Commission (5 pg/kg). These
findings are consistent with those of Alvarez et al. [38], who
reported OTA levels in coffee beans from Atoyac de Alvarez,
Guerrero, ranging from 6.1 to 93.4 pg/kg. Similarly, Estrada
et al. [29] detected high OTA levels ranging from 15.49 to
65.22 pg/kg in coffee beans collected in the State of Guerrero,
municipality of Atoyac de Alvarez. Our findings demonstrated
that the reduction of OTA in coffee beans inoculated with B.
licheniformis M2-7 was due to the inhibition of the growth of
OTA-producing fungi. However, previous reports have sug-
gested that the microbial load in coffee beans can impact the
fermentation process during storage, affecting sensory quali-
ties such as aroma, flavor, body, and acidity [44]. Therefore,
additional studies are needed to evaluate whether the presence
of Bacillus influences the organoleptic characteristics of stored
coffee [45].

Conclusions

In this study, we were able to reduce the concentration of
OTA in stored coffee beans using a molasses-based biofor-
mulation of B. licheniformis M2-7. The mechanism used
by the bacterium to decrease this mycotoxin is due to its
ability to reduce the growth of OTA-producing fungi. These

findings allow consider its application in post-harvest treat-
ments and storage conditions of coffee, which currently are
the only strategies to reduce OTA concentrations in coffee
through the control of handling conditions. This is due to the
application of microorganisms is null and void and has only
been reported for sausages, raw hams, and grapes. However,
the flavor and aroma qualities of coffee after the implemen-
tation of B. licheniformis have not been evaluated, which
means that these organoleptic qualities should be investi-
gated after the treatment of coffee with this bacterium.
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