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ABSTRACT

Background / Objetive. Nejayote is an alkaline agroindustrial waste that is
generated from the nixtamalization process of corn. The purpose of this work was
to demonstrate that nejayote can be used as a culture medium for the growth of
Pseudomonas fluorescens NR113647 and to produce metabolites with antifungal
activity for the sustainable management of Aspergillus niger, Botrytis cinerea and
Fusarium solani.

Materials and Methods. Culture media were formulated with nejayote and
nejayote with glycerol, with pH 6 and 12. The bacterial biomass was separated by
centrifugation and filtration and the antifungal capacity of the extracts against 4.
niger, B. cinerea and F. solani was determined. The determination of the metabolites
present in the extracts was carried out. P. fluorescens NR113647 was able to grow
on all media.

Results. The extracts from nejayote at pH 12 showed inhibition of the growth of all
the fungi evaluated; at least five metabolites produced by P. fluorescens NR113647
and involved in the biocontrol of phytopathogens were identified.

Conclusion. Nejayote can be used as a culture medium for P, fluorescens NR113647,
to produce biomass and secondary metabolites with antifungal capacity; in addition,

nejayote could be used for the cultivation of other microorganisms.
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INTRODUCTION

One of the main approaches of modern biotechnology is the use of the biological
control of phytopathogens in agriculture, which is defined as the action of effective
natural agents to fight diseases in crops, which represent an alternative for the
reduction of the use of potentially damaging chemical products to the environment
and human health (Thambugala et al., 2020). Out of the different types of biological
control agents, microbial agents and particularly bacteria of the genus Pseudomonas
are an excellent option for use in agriculture (Santoyo et al., 2012).

Biocontrol mediated by Pseudomonas strains is carried out by mechanisms such
as direct antibiosis, competition for nutrients and for space, the promotion of plant
growth and the induction of systemic resistance in plants (Dimki¢ et al., 2022).
Diverse commercial products have been produced from Pseudomonas biomass,
including BioJect Spot-Less™, Bio-Save® 10LP, AtEze™ and Cedemon (Mark et
al., 2006). The production of microbial biomass and metabolites in liquid culture
media is crucial for the development of products based on bacterial strains such as
Pseudomonas; however, the use of commercial culture media in the multiplication
of microorganisms has a high cost. Therefore, the use of by-products or waste from
the food industry is an option to reduce costs associated to the production and
recovery of biological control agents, while waste management and conversion of
usable products through the application of biotechnological technologies (Khalil ez
al., 2016; Sivakumar et al., 2022; Suryanti et al., 2015).

One of the main residues of the food industry comes from the processing of maize
(Zea mays), which is intimately related to Mexican culture. The tortilla represents
the main food derived from the processing of maize (Hellin et al., 2010). In this
regard, it is estimated that in Mexico, the current annual consumption of maize per
capita is 120 kg (FAOSTAT, 2023). For the production of tortillas, maize grains
undergo an alkaline thermal process called nixtamalization, which consists in the
cooking of mature maize grains with lime, followed by grinding to obtain a dough
and finally process (Serna-Saldivar, 2021). Nixtamalization produces chemical and
nutritional changes in the maize, and the main by-product of the nixtamalization
process is the ‘nejayote,” considered the alkaline water from the cooking of the
maize; it is estimated that for every kilogram of maize processed, between 7 and 8
liters of nejayote are obtained (Diaz-Montes et al., 2020).

The nejayote is considered one of the most effluent contaminants of the food
industry. This liquid contains high concentrations of organic matter dissolved,
corresponding to the structures of the maize grain that is detached during cooking
(mainly the endosperm and the pericarp) and to the lime used in the process (DQO >
28450 mg L'). Additionally, the nejayote is characterized for having an alkaline pH
with a value of over 10 (Meraz et al., 2015). The nejayote represents an important
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source of fermentable sugars and compounds such as proteins, fibers, fats, etc. Due
to this, the use of the nejayote in other processes or purification of components
make it potentially applicable in the biotechnology industry (Xu et al., 2021).

Nejayote has been proven to be usable as an alternative culture medium for the
development of different microorganisms such as Arthrospira maxima, Aspergillus
oryzae, Bacillus thuringiensis, Chlorella vulgaris, Lactobacillus casei, L. helveticus
L. rhamnosus, as well as for the production of different secondary metabolites
such as enzymes, pigments or antibiotics (Bacame-Valenzuela et al., 2020; Lopez-
Pacheco et al., 2019; Ramirez-Romero et al., 2013; Salazar-Magallon et al., 2015).
The aim of this work was to evaluate the use of nejayote as an alternative culture
medium for the growth of Pseudomonas fluorescens NR113647 and for the
production of secondary metabolites with antifungal activity.

MATERIALS AND METHODS

Biological material. The Pseudomonas fluorescens NR113647 strain, identified
previously based on morphological, cultural and biochemical characteristics of the
organism, was used. Molecular identification was carried out with the amplification
and sequencing of rRNA 16s and alignment with the Gene Bank of the National
Center for Biotechnological Information (Rodriguez-Romero et al., 2019). The
bacterium was cultivated in Agar King B (KB) (King et al., 1954) for 7 days and
incubated at room temperature (25 £+ 2 °C) for later tests. The Aspergillus niger,
Botrytis cinerea and Fusarium solani strains were isolated and provided by the
Postharvest Technology Laboratory of the Biotic Products Development Center
of the National Polytechnic Institute of Mexico (CEPROBI-IPN). Molecular
identification was performed (Harwood, 1996) in the Comprehensive Plant Safety
Diagnose Laboratory (LADIFIT) of the Colegio de Postgraduados. The fungi were
cultivated individually in a Potato-Dextrose-Agar medium (PDA, BD Bioxon,
Mexico) for 4-7 days and incubated at room temperature (25 = 2 °C) for later tests.

Obtaining, conditioning of nejayote and formulation of the culture medium.
The nejayote used was gathered from the maize processing companies located in La
Laguna Ticoman, Mexico City (19° 31 12” N, 99° 07° 45 W and altitude of 2248
masl) and later mixed. To eliminate sedimentable organic matter, the nejayote was
centrifuged (Centrifuga Beckman Coulter® J2-MC, California, U.S.A.) at 10000
rpm for 15 min at a temperature of 4 °C, the supernatant was recovered and the pH
was measured by electrode immersion (HANNA pHep5®, Romania). To produce
the culture media, a completely randomized treatment design was conducted in a
factorial arrangement, resulting in a total of four treatments; 1) Nejayote at a pH of
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6 (N6), 2) Nejayote at a pH of 12 (N12), 3) Nejayote at a pH of 6 with 10 g L' of
glycerol (Ngly 6) and 4) Nejayote at a pH 12 with 10 g L' of glycerol (Ngly12).
The pH of the nejayote was adjusted with NaOH or HC1 1 N as needed. A King B
(KB) culture broth with a pH of 6 was used as a control.

pH and evaluation of the production of P. fluorescens biomass. The cultivation
was carried out in 250 mL Erlenmeyer flasks with 100 mL of each one of the different
treatments; three independent replicates were conducted for each treatment. The
beakers were sterilized (Autoclave Yamato Scientific co. Ltd, SM510, Japan) for 15
min at 121 °C, incubated with 10 mL of Pseudomonas fluorescens NR113647 (10°
UFC mL™") and incubated at 25 + 2 °C for 72 h shaking constantly (120 rpm). At
the end of the cultivation, the pH of the culture media was determined by using an
immersion electrode (HANNA pHep5®, Romania) and the biomass development
of P. fluorescens NR113647 was evaluated using the plate count method. For this
purpose, serial dilutions were carried out from each of the culture media, plated on
standard plate count agar (ACS, BD Bioxon, Mexico) and incubated at 25 °C for
48 h.

Evaluation of the antifungal in vitro activity of the P. fluorescens extracts. To
obtain the antifungal extracts, after incubation, each one of the treatments were
centrifuged (Beckman Coulter® J2-MC Centrifuge, California, U.S.A.) for 15 min
at 10015 xg at 4°C, the supernatant was extracted, a filtration was carried out using
0.22 pm sterile membranes (Cole Palmer, U.S.A.). The antifungal effect of the
extracts was determined using the poisoned culture medium technique (Erhonyota
et al., 2023). For this, Potato-Dextrose-Agar (PDA, BD Bioxon, Mexico) was
prepared at double the concentration recommended by the manufacturer (78 g L),
then sterilized (Yamato Scientific co. Ltd, SM510 Autoclave, Japan) for 15 min at
121 °C. Later, the PDA medium (BD Bioxon, Mexico) was cooled to a temperature
of 45 °C, mixed with the filtered supernatant of each one of the treatments in a
proportion of 1:1, deposited in Petri dishes (90 x 15 mm) and left to solidify. PDA
medium (BD Bioxon, Mexico) was used at the concentration recommended by the
manufacturer (39 g L) as a control; five independent replicates were performed
per treatment. In the middle of the Petri dishes, discs with a diameter of 5 mm were
planted with the mycelia of each one of the fungi. The test finished when the growth
of the fungi in the negative control reached the edge of the dish. The percentage of
inhibition was calculated with the measurement of the diameter of the culture of
each experimental unit, followed by the use of the formula: Inhibition (%) = [(Da-
Db) / Da] x 100, where Da (mm) is the diameter of growth of the fungi in the dish
used as a negative control and Db (mm) is the diameter of growth of the fungi in
the test dish (Al-Hetar ez al., 2011).
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Identification of the P. fluorescens antifungal metabolites. To identify the
metabolites, the nejayote medium extract with the highest in vifro antifungal
activity was used; the treatment was mixed with ethyl acetate in a 1:1 ratio and
shaken for 2 h at 120 rpm. The aqueous fraction was discarded and the organic
fraction evaporated at reduced pressure to obtain a dry raw extract. The dry extract
was suspended in ethyl acetate at a concentration of 1 mg mL!. The standards of
phloroglucinol and phenazine (Sigma-Aldrich, St. Louis, U.S.A.) were suspended
in ethyl acetate at a concentration of 0.5 mg mL-!. Aliquots of 50 uL. were taken and
subjected to thin-layer chromatography (TLC; silica gel. 60 F254, 20 X 20, 0.5 mm,
Merck and Co, Inc) using a hexane:acetone 3:2 solvent system. The plate was dried
completely and the compounds were recovered and detected at 254 nm (Suleimana
et al.,2010).

To identify hydrogen cyanide (HCN), the method described by Verma et al.
(2007) was used. Petri dishes containing soybean casein digest agar (AST, BD
Bioxon, Mexico) were inoculated with 100 uL of the extract from the nejayote
medium with the highest antifungal activity, KB medium extract (positive control)
and distilled water (negative control). Filter paper (Whatman no. 1) impregnated
with 0.5% pyric acid and 2% sodium carbonate were placed on top of the dishes.
The dishes were sealed and incubated at 30 °C for 24 h. After incubation, a color
change in the filter paper indicated a positive HCN production.

To identify siderophores, the method used was the CAS-agar plate assay
method (Schwyn and Neilands, 1987). The Chrome Azurol S (CAS)/Fe3+/
Hexadecyltrimethylammonium bromide (HDTMA) complex was used as the
indicator. To prepare 1 L of blue agar, 60.5 mg of CAS were dissolved in 50 mL of
water mixed with 10 mL of Fe III (1 mM FeCl,-6H,0 in 50 mL of 10 mM HCI),
then mixed with 900 mL bacteriological agar (of 15 g L) adjusted to a pH of
7. The dishes were inoculated with 1mL of the nejayote extract with the highest
antifungal activity, | mL of KB extract (positive control) and 1 mL of distilled water
(negative control). The dishes were incubated for 6 days. Siderophore production
was classified visually in the culture medium in four categories: 1. No production,
2. Low production (light yellow), 3. High production (moderate yellow) 4. Very
high production (yellow).

Statistical analysis. The experimental data were analyzed using the SAS® Studio

3.82 software (SAS Institute, Cary, NC). The analysis of variance (ANOVA) and
Tukey’s test (*=p < 0.05) were used to compare the means of the treatments.
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RESULTS AND DISCUSSION

pH and evaluation of the production of P. fluorescens biomass. Approximately
40 L of de nejayote were gathered, and the pH after centrifuging was 12.21,
therefore it was adjusted to the corresponding values for each treatment. P
fluorescens NR113647 was able to grow in all the culture media of this study. The
concentration of biomass produced in the different culture media was variable,
where the highest cell development was obtained in the KB medium (control)
and there were no statistical differences in relation to the media 3 and 4; the three
media were supplemented with glycerol in their initial formulation. Media 1 and 2
(without the addition of glycerol) presented a lower concentration of biomass than
the control and the media with nejayote, which contained added glycerol (Table
1). Pseudomonas has simple nutritional requirements due to its ability to degrade
a large variety of organic substrates, from aromatic compounds to halogenated
derivatives and other organic residues (Sah et al., 2021). In this sense, the ability
of the nejayote has been proven for use as a culture medium, since it contains
fermentable sugars at an approximate concentration of 148.6 mg L' (Garcia-
Depraect et al., 2017). On the other hand, Pseudomonas is able to use glycerol
as a source of carbo for the production of biomass (Poblete-Castro et al., 2020).
Furthermore, Pseudomonas has been observed to produce a greater concentration
of biomass in the media containing glycerol as a source of carbon in comparison to
those with other carbon sources such as glucose or succinate (Nikel et al., 2014).

Table 1. Evaluation of the growth of P. fluorescens NR113647 and pH values of
the different treatments after 72 h of incubation.

Treatment Cnllli:jui;e ( Ln%;rgisqsL 1y Final pH
Control KB6 20.52+0.03 * 6.93+0.05 *
1 N6 19.55+0.17° 8.40+0.06 °
2 NI12 19.72£0.25° 8.46+0.06 °
3 Ngly6 20.17+0.11® 8.02+0.09 °
4 Nglyl12 20.22+0.03 ® 8.03+0.03 ¢

Results expressed with the mean + standard deviation for each sample (n = 3).
*Different letters in each column indicate a significant difference (*=p < 0.05)
according to Tukey’s test.

The pH values varied during cultivation in all the culture media used. In the
treatments that began with a pH of 6.0, an increase was observed in the pH value,
whereas in the cultures that began with a pH of 12, it decreased (Table 1). In media
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1 and 2, in which there was only nejayote, no statistical differences were observed
(*=p < 0.05). The pH value between treatments 3 and 4 displayed no statistical
differences either (*=p < 0.05). On the other hand, the culture medium used as
a control maintained a low and significantly different pH in comparison with the
other treatments (Table 1).

P fluorescens, and bacterial cells in general, crucially depend on the pH of
the medium in which they develop. pH values closer to 7 are adequate for most
bacteria. The self-regulation of pH, which includes the detection and adaptation
to external pH, is an important mechanism for microbial development. In this
regard, numerous adaptations have been identified that contribute to homeostasis
in an alkaline pH (Sanchez-Clemente, 2018). When bacteria are found in alkaline
conditions (pH<10), the active transport of protons or the motor force of protons is
crucial for their adaptation to their ecological niche; the mechanism includes high
levels of transporters and enzymes that promote the capture and retention of protons
(ATP synthase and proton/monovalent cation antiporters). Additionally, metabolic
changes take place, leading to increased acid production and changes in the in the
cell surface layers that contribute to protein retention in the cytoplasm (Krulwich et
al., 2011; Padan et al., 2005). Tolerance to the alkaline medium and the reduction of
the initial pH (from 12 to 8, approximately) is important, considering that in Mexico
it is established that the permissible pH range for wastewater discharged into urban
or municipal sewer systems is between 5.5 and 10.0 (NOM-002-ECOL-1996).
Therefore, nejayote should not be deposited in the municipal sewer system, but
rather, on the contrary, it could be used as a culture medium for the development of
biomass and the production of metabolites, considering that the final culture broth
used would have a pH value in accordance with Mexican regulations and could be
discarded.

In vitro evaluation of the antifungal activity of the P. fluorescens extracts.
The incubation period, until the fungi in the negative control (PDA, BD Bioxon,
Mexico) reached the rim of the Petri dish, was of 9 days for Aspergillus niger and
Botrytis cinerea, whereas for Fusarium solani it lasted 14 days. Table 2 shows the
growth (mm) and inhibition values (%) generated by the different treatments in
fungi.

The fungi used in this study and cultivated in a PDA medium had a radial growth.
The extracts obtained from the KB6 medium (positive control) produced the highest
levels and percentages of in vitro inhibition of all treatments. Botrytis cinerea was
the most sensitive, since its growth was inhibited by 100%. Other studies observed
different inhibition values ranging from 60% up to 75-99%, with extracts obtained
from a nutritional broth (Mikani et al., 2008; Wallace et al., 2019).
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Table 2. Evaluation of the antifungal effect of the extracts obtained from P. fluorescens NR113647, on the

mycelial growth and the inhibition of Fusarium solani, Botrytis cinerea and Aspergillus niger.

F solani B. cinerea A. niger
Culture Growth Inhibition Growth Inhibition Growth Inhibition
media (mm) (%) (mm) (%) (mm) (%)
PDA 90.0+0.0 * 0.0 90.0+0.0 @ 0.0 90.0+£0.0 a 0.00
KB6 30.5+1.4° 66.0 0.0+£0.0 ° 100.0 48.6+2.5¢ 459
N6 90.0+0.0 ® 0.0 90.0+0.0 ® 0.0 90.0+0.0 ® 0.00
NI12 31.9+1.4° 64.5 21.0+4.54 76.6 66.0+£3.6 ¢ 26.5
Ngly6 90.0+0.0 # 0.0 60.9+£1.6° 323 90.0+0.0 ® 0.00
Ngly12 67.4+2.3 ¢ 25.0 273+22 ¢ 69.5 76.9£2.16° 14.5

Negative control=PDA. Positive control=KB6. Results expressed with the mean + standard deviation for
each sample (n = 5). Different letters in each column indicate a significant difference (*=p < 0.05) according
to Tukey’s test.

In the treatments of the positive control for the Fusarium solani strain, an
inhibition of 66% was obtained, in comparison with other studies in which P
fluorescens strains displayed an inhibition ranging from 43% to complete inhibition
(100%) of the mycelial growth of Fusarium spp. (Al-Fadhal, 2019; Trejo-Raya
et al., 2021). The Aspergillus niger strain developed the greatest growth, with
an inhibition of 45%. However, other studies have reported that P. fluorescens
displayed an inhibition of 20 to 30% in comparison with the control (Akocak et al.,
2015) and a mycelial growth of up to 78.77% (Deshmukh, 2015).

The extracts obtained from the N6 medium did not inhibit the growth of any of
the fungi evaluated in vitro in this study. This behavior was similar for the extracts
obtained from the Ngly6 medium, which did not inhibit the growth of neither
Aspergillus niger nor Fusarium solani, although for Botrytis cinerea, an inhibition
of approximately 32% was recorded. On the other hand, the extracts obtained
from Nglyl2 generated inhibition values ranging from 14 to 25% for Aspergillu
niger and Fusarium solani, although an inhibition of nearly 70% was observed in
Botrytis cinerea. The extracts obtained from N12 for the fungi Botrytis cinerea and
Aspergillus niger generated numerically similar inhibition values, but significantly
different to those obtained with the extracts of the positive control (KB6). For the
fungus Fusarium solani there were no statistical differences between the KB6 and
N12 media.

Because the composition of the nejayote media is basically the same in all
treatments, the results of this study may suggest that the differences in the inhibition
effect is linked to the initial pH values and the addition of glycerol to the culture
media. Saleh-Lakha et al. (2009) determined that the genic expression values for
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the production of metabolites by Pseudomonas mandelii were 539 and 6190 times
lower in media with a pH of 5 than for pH values of 8. On the other hand, Zhou et
al. (2012) observed that for a Pseudomonas strain to express antifungal activity, the
pH value of the culture medium must be of at least 10. The genes involved in the
production of metabolites are directly related with the transcription of genes involved
in the protection against stress, as well as damage in the cell membrane and the cell
wall. These genes are a part of the global regulatory system for the activation of the
synthesis of antibiotics and cyanide (GaC) and the secondary metabolite repressor
system (RsM), which are positively influenced by environmental signals, in which
pH values of 8 stand out (Anderson et al., 2017; Xue et al., 2013). Regarding the
addition of glycerol to the medium, Nikel et al. (2014) concluded that the growth
of Pseudomonas in the presence of glycerol alters the transcription of around 104
genes that codify metabolic and non-metabolic activities, which may be involved
in the production of antifungal metabolites. In the case of this study, it is probable
that the cultivation of P. fluorescens NR113647 at a pH of 12 may increase the
expression of the production of metabolites related to biocontrol.

Identification of the metabolites involved in the antifungal activity. The thin-
layer chromatography of the dry P. fluorescens NR113647 raw extracts cultivated
in the N12 culture medium displayed the presence of at least five compounds,
which were compared with the standards of phenazine and phloroglucinol
(Table 3). The elution paths of the components could indicate that the dry raw
extract contains at least one antifungal compound that may be a derivative of
phloroglucinol and which corresponds to stain 1. Phloroglucinol is a metabolite
with numerous derivatives and is widely known for its antifungal capacity. Some

Table 3. Retention factors of the P. fluorescens NR113647
extracts obtained from treatment N12, comparison

against standard compounds.

Compound Rf
Spot 1 0.20
Spot 2 0.31
Spot 3 0.47
Spot 4 0.52
Spot 5 0.92
*Phenazine 0.83
*Phloroglucinol 0.21

*Standards [0,5 mg mL'] and P, fluorescens NR113647 extracts
[1 mg mL"]. Hexane-acetone system (2:1). These compounds

were detected using UV at 254 nm.
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Pseudomonas strains produce 2,4-diacetylfluoroglucinol and its intermediates
monoacetylphluoroglucinol and phloroglucinol (Biessy and Filion, 2021). On the
other hand, stain 5 is the nearest to the phenazine standard, which may indicate
the presence of a derivative of this component, since the genus Pseudomonas is
known to produce phenazine-1-carboxylic acid and 2-hydroxyphenazine, which
are metabolites with antifungal activity against phytopathogenic fungi (Castaldi et
al., 2021). Despite not being able to identify all the metabolites present in the dry
raw extract, Zhang et al. (2020) observed that Pseudomonas harbors genes involved
in the production of more than 10 metabolites, such as diacetylphluoroglucinol,
pyoverdines, pyochelins, pyrrolnitrin, HCN, etc., which could correspond to the
rest of the eluted components in the thin-layer chromatography assay. However, the
results might not be entirely extrapolated, and in-depths studies are required for the
determination of metabolites in this study.

To identify the production of HCN (Figure 1), in the control dish (A), no
color change was observed. The extracts obtained from the KB6 medium
(control) displayed an orange color on the periphery, indicating that P. fluorescens
NR113647 produces HCN in this culture medium. The plate of the extract from
the N12 medium showed a light orange-yellow color, so it can be assumed that
there is also a presence of HCN, though in smaller amounts compared to KB6. The
production of HCN by microorganisms plays an important role in inhibiting the
growth of various fungi and other biotic phytopathogenic agents, including weeds,
insects and nematodes. It has a broad spectrum, since it directly interferes with
cell respiration in eukaryotic pathogens, so it can be widely used as a biocontrol
metabolite (Sehrawat et al., 2022).

Figure 1. Identification of the production of hydrogen cyanide in a Petri dish. Negative control of distilled water (A), extracts
free of P, fluorescens NR113647 cells in a KB6 medium (B) and extracts free of P. fluorescens NR113647 cells in a
N12 medium (C).
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Regarding the production of siderophores, according to the trial in CAS-agar
plates described in the methodology (Figure 2), no changes in color were observed
in the Petri dish with sterile distilled water. In the KB6 medium, an intense yellow
color was observed that displays a large proportion of these metabolites. In the case
of the N12 medium, a pale-yellow color was observed, which displays a limited
production of siderophores. These metabolites are reported as one of the main
biological control compounds with an antifungal effect produced by P. fluorescens,
which allow the acquisition of Fe from the medium or colonization site and thus
maintain the normal growth of the bacterium (Rizzi et al., 2019). However, this
study showed that the conditions of the N12 medium did not promote the production
of siderophores, due to the low production in comparison with the control and
therefore were not the main biocontrol metabolites.

Figure 2. Identification of siderophores, Petri dish with distilled water as a control (A) and extracts free of P. fluorescens
NR113647 cells (B) (Trejo-Raya et al., 2021) and extracts free of P. fluorescens NR113647 cells in a N12 medium

(©).

The Pseudomonas fluorescens complex includes more than fifty species
of taxonomically assigned strains, most of which have potential applications
for biocontrol. A high proportion of these strains have not been completely
sequenced and display a high molecular homology. In addition, new species are
frequently being described (Garrido-Sanz et al., 2016); therefore, the results of
this investigation cannot be directly correlated for all P. fluorescens populations.
However, the use of P. fluorescens NR113647 and this culture medium proposed
could be useful to value the metabolisms of other strains and/or genetic populations
of the P, fluorescens complex.

Rodriguez-Romero et al., 2024. Vol. 42(3): 28 1
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CONCLUSIONS

This study investigated the potential use of nejayote as an alternative culture
medium for Pseudomonas fluorescens NR113647. The strain was able to grow
in all treatments containing nejayote; among the extracts evaluated, the Nejayote
extract with a pH of 12 displayed the best results, since it inhibited the mycelial
growth in vitro of the fungi Botrytis cinérea, Fusarium solani and Aspergillus niger
by 76.66, 64.55 and 26.56%, respectively. In the analysis of antifungal metabolites
of the Nejayote extract with a pH of 12, the production of hydrogen cyanide and
siderophores was identified, as well as the possible production of compounds
derived from phenazine and phloroglucinol. The valorization of the nejayote and
its use at a pH of 12 without the addition of glycerol represents a viable and eco-
friendly alternative for its use as a culture medium for P. fluorescens NR113647 in
the production of biomass and extracts containing secondary metabolites of interest
in the agriculture industry for the control of diseases caused by phytopathogenic
fungi.
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