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ABSTRACT
Keywords: The use of liquid organic amendments (biols) is a common practice for farmers due to the multiple
Agriculture benefits in the management and production of their crops, including the control of pests and diseases.
Biopreparations The present study analyzes the chemical composition of the pure compound C1 and fractions F2
Fermentative process ~ and F3 of local biols produced in two provinces of Ecuador and their antifungal activity against
Phytopathogens Moniliophthora roreri (Cif & Par). This work incorporates the use of Gas Chromatography coupled
Plaguicide to Mass Spectrometry (GC-MS), Nuclear Magnetic Resonance (NMR) and in vitro inhibition assays
for sample analysis. C1 was identified as Mannitol. The percentage of inhibition against M. roreri in
F2 and F3 was 44.37% and 8.34%, respectively; and, for C1, 28.63%. The values of the median
lethal dose (LD, ) obtained corroborate that the F2 fraction was the one with the highest controlling
activity against the pathogen. The 1,2-benzenedicarboxylic acid diisooctyl ester compound was
the main compound in F2 (30.88%) and the Pentadecanoic acid, 14-methyl-, methyl ester in F3.
Finally, all compounds obtained from the biol fractions were identified and it was determined that the
fermentative process was suitable for producing bioactive compounds of interest to inhibit the growth
of Moniliophthora roreri.
RESUMEN
Palabras clave: El uso de enmiendas organicas liquidas (bioles) es una practica comln para los agricultores por
Agricultura los mdltiples beneficios en el manejo y produccion de sus cultivos, incluyendo el control de plagas
Biopreparados y enfermedades. El presente estudio analiza la composicion quimica del compuesto puro C1
Proceso fermentativo y fracciones F2 y F3 de bioles locales producidos en dos provincias del Ecuador y su actividad
Fitopatogenos antifingica frente a Moniliophthora roreri (Cif & Par). Este trabajo incorpora el uso de Cromatografia
Plaguicidas de Gases acoplado a Espectrometria de Masas (CG-EM), Resonancia Magnética Nuclear (RMN) y
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rganic amendments have become one of the

widely used cultural strategies for disease

control (Hidalgo et al. 2009; Jaramillo-Rodriguez

2015; Troncoso et al. 2015; Goyes-Campos
and Monserrate-Gémez 2017; Varo-Suérez 2017) and
improved crop productivity, properties attributed to the
presence of micronutrients (Leon-Aguilar et al. 2016) and
other components such as humic acids, phytohormones,
enzymes, and efficient microorganisms (Quiroga et al.
2013; Troncoso et al. 2015; Serrano 2017). Besides, to
incrase production, the application of organic amendments
increases the values of ascorbic acid, beta-carotene, and
chemical compounds in plants with high added value for
human health.

The efficacy of these biopreparations in the control of plant
pathogens has also been evaluated in field experiments
suggesting the presence of antifungal compounds. Earlier
work shows the use of organic amendments controlling
important pathogens such as Phytophthora capcisi
and Fusarium spp, affecting chile plants, and carnation
(Uribe-Lorio et al. 2014), asparagus, and tomato crops,
respectively (Melero-Vara et al. 2017). The positive effect
of using organic amendments has also been documented
for nematode control, including Meloidogyne incognita, a
nematode affecting bell pepper (Revilla-Cervantes and
Palomo-Herrera 2016), and some other species affecting
tomatoes (Bernal 2010).

Cacao is one of the main crops cultivated in Ecuador.
However, plantations continue to be severely affected by
diseases, including Frosty Pod Rot or Moniliasis, caused
by Moniliophthora roreri Cif & Par (Anzules-Toala 2021).
Enriquez (2010) reports that the disease with the highest
incidence in cacao cultivars in Ecuador and Colombia is
Moniliasis, with an average production loss from 20%
to 30%. The use of fungicides helps to fight infection.
However, there are risks of contamination to farmers and
the environment. Additionally, their high cost is a burden
for the majority of small-scale farmers who cultivate cacao
inthe country. One of the alternatives for the control of this
pathogen is the use of fermented products using manure
and several other products referred to as biopreparations.
Previous work showed that bioles could have fungistatic
activity against the mycelial growth of M. roreri in vitro
conditions (Magdama-Tobar 2016).

The composition of bioles, macro and micronutrients,
the chemical identification of phytohormones, and the
quantification of saponins and alkaloids have also been
assessed (Jiménez 2008; Manzano et al. 2010). Several
efforts have been carried out to standardize the production
of bioles, as their elaboration process can be a significant
variable, using quality indicators that included physical-
chemical parameters (Orellana et al. 2013). Despite all the
above mentioned, still there is lacking information about
the active molecules or compounds present in these types
of liquid amendments.

The present study aims to determine the chemical
composition of bioles, assessing the activity of some
fractions and pure compounds obtained by chromatographic
and spectroscopic methods. The results presented in this
study are of great significance for agriculture as the
bioactive molecules identify in these types of products,
can reinforce their use for the management of complex
diseases affecting crops and food security.

MATERIALS AND METHODS

The samples processed included 10 g of lyophilized
bioles elaborated at the provinces of El Oro (F2)
and Guayas (F3) following anaerobic fermentation.
These bioles were formulated based on internal CIBE
(Biotechnological Research Center of Ecuador) protocols,
containing manure, molasses, local microorganisms, and
several minerals, as their main components. Further,
samples were dehydrated at 60 °C in an oven with an
air circulation system and subjected to constant reflux
exposure to hexane, used as the main solvent, for 2 h.
The hexane residues, namely F2 and F3, were later
homogenized separately in a mortar with 25 g of silica
without plaster with a particle size of 20-60 mesh to form
a chromatography column head of 80 cm in length and
5 c¢min diameter. It includes a 45 pm porous Teflon frit
which was packed with 300 g of silica of 60-200 mesh.
Fractioning was carried out with a mixture of solvents
including, 100% ethyl acetate, ethyl acetate/methanol
(80:20), and ethyl acetate/methanol (60:40). The latter
was chosen for chemical characterization and antifungal
evaluation against M. roreri. Qualitative analysis by thin-
layer chromatography (TLC) was also performed on 60
F254 silica gel chromatoplate (Merck) and observed
under UV light of 254 nm.
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The ethyl acetate/methanol fractions (60:40) obtained
from each of the bioles were rotovaporated to be
reconstituted and analyzed by GC-MS, using an Agilent
7890A gas chromatograph with Agilent 5975 detector
(Avondale, PA.USA), equipped with an HP 5MS
column of 25 m length (0.25 mm diameter and 0.25
um film thickness). The weight of each sample used
for this process was: F2 (721 mg) and F3 (800 mg).
Analytical grade helium was used as the carrier gas,
and the analysis conditions were as follows: initial oven
temperature: 100 °C for 3 min, increasing 8 °C min to
a final temperature of 250 °C, maintaining for 10 min.
Injector and mass detector temperature: 250 °C and
300 °C, respectively. The mass detector was operated
at 70 eV in scan mode with a range of 100 to 400 mass
units. Assignment of F2 and F3 GC-MS structures
was carried out by comparing the mass spectra of the
compounds with those of the team libraries: Wiley, the
9th edition, and NIST- 2011 (Chéez-Guaranda et al.
2022).

The pure compound (C1), also obtained with ethyl
acetate/methanol (60:40), was characterized by determining
its melting point and analysis of the '"H NMR spectra (399
MHz), 3C NMR (100 MHz), and DMSO as a solvent in
a VARIAN-400MHz NMR spectrometer. Chemical shifts
(0) were expressed in parts per million. The values of
the coupling constants (J) are expressed in Hertz, the
spectrometer temperature was 25 °C, the spin of 20 Hz
for H, ™C for the rest of the experiments, and the spin
goes off.

Inhibition tests against M. roreri strains of the pure
compound and sub-fractions obtained: C1, F2, and F3,
were carried out by the agar diffusion method (Montes-
de-Oca-Marquez et al. 2017). The strain used in this
study was obtained from a cacao infected pod showing
symptoms of Frosty Pod Rot. The identity of the fungus
isolated was corroborated by partial sequencing of the
ITS region of the ribosomal DNA. Different concentrations
of each compound, including 1, 10, 50, and 100 ppm
dissolved in 1% DMSO, were mixed with papa dextrose
agar (PDA) medium and poured into Petri dishes. After
solidified, mycelial plugs of 5 days old growing colonies
of M. roreri were placed at the edge of each Petri dish
and incubated at 27 °C for 7 days. The radial growth
of M. roreri mycelium was evaluated by measuring the
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growth on ten points around the radial growth of the
colony. Three replicates per treatment were considered
(n=30). The growth of M. roreriwas also measured from
three Petri dishes containing PDA mixed with DMSO as
solvent (Xia-Hong 2007).

To verify significant differences between the treatments
multiple and paired comparisons analyses were used,
including Kruskal-Wallis, Dunn, and Wilcoxon tests for
non-parametric data, respectively. Bonferroni-Holm
adjusted P values were also considered for reducing the
probability of type | and Il errors. To determine the lethal
dose for each compound (LD, ) a probit transformation
method, applying a polynomial regression model with an
explanation level (R?) greater than 96%, was applied. All
statistical tests were performed with a significance level of
95%. The programs R version 3.6.2 and Infostat version
2018 were used.

RESULTS AND DISCUSSION

Two fractions and one pure compound were obtained in
our study, namely F2, F3, and C1. The biol F2, obtained
by column separation, showed a chromatogram (Figure
1) with 11 peaks of different intensities. Table 1 lists
the compounds that were structurally assigned by the
database. The proposed structures for this fraction
correspond mostly to hydrocarbons.

It is observed that the majority of compounds identified
in this fraction, with a 30.88% relative abundance (Peak
10), were 1,2-Benzenedicarboxylic acid, diisooctyl ester
with a retention time of 15.42 min (NIST 2020). With
a relative abundance of 9.64%, docosane was also
identified in the hexane extract of propolis (relative
abundance 15.5%), this compound has been reported
with antimicrobial activity (Arserim Ugar et al. 2020).
Minority compounds such as tetratetracontane, dibutyl
phthalate hexadecane, 1-iodo, eicosane pentadecane,
heptacosane, 1-chloro, hexadecanoic acid, butyl ester,
octadecane, hexadecane, 2, 6, 10, 14-tetramethyl were
also identified. Literature reports that these compounds
have been identified in extracts obtained from medicinal
plants and microorganisms by using apolar and polar
solvents, hexane and methanol, respectively, then
antioxidant (Xinsong et al. 2019; Arserim Ucar et al.
2020 and Aziz et al. 2022) and antimicrobial activity
(Arserim Ucar et al. 2020; Akwu et al. 2021; Albratty




et al. 2023), was reported. The difference between
the methodology used in that case and the one used
in the present study is that the methanolic extract
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Figure 1. Analytical gas chromatogram of the F2 fraction (60:40 ethyl acetate/methanol), obtained from the biol elaborated at the El Oro

province.

It is observed that the majority of compounds identified
in this fraction, with a 30.88% relative abundance (Peak
10), were 1,2-Benzenedicarboxylic acid, diisooctyl
ester with a retention time of 15.42 min (NIST 2020).
With a relative abundance of 9.64%, docosane was
also identified in the hexane extract of propolis (relative
abundance 15.5%), this compound has been reported
with antimicrobial activity (Arserim Ugar et al. 2020).
Minority compounds such as tetratetracontane, dibutyl
phthalate hexadecane, 1-iodo, eicosane pentadecane,
heptacosane, 1-chloro, hexadecanoic acid, butyl ester,
octadecane, hexadecane, 2, 6, 10, 14-tetramethyl were also

identified. Literature reports that these compounds have
been identified in extracts obtained from medicinal plants
and microorganisms by using apolar and polar solvents,
hexane and methanol, respectively, then antioxidant
(Xinsong et al. 2019; Arserim Ucar et al. 2020 and Aziz
et al. 2022) and antimicrobial activity (Arserim Ugar et
al. 2020; Akwu et al. 2021; Albratty et al. 2023), was
reported. The difference between the methodology used
in that case and the one used in the present study is
that the methanolic extract was fractionated in an open
column with a mixture of half-apolar and polar solvents
(ethyl acetate/methanol 60:40).
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Table 1. Compounds identified in fraction F2 (ethyl acetate/methanol 60:40), obtained from biol elaborated at the EI Oro province.
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Figure 2. Analytical gas chromatogram of the F3fraction (60:40 ethyl acetate/methanol), obtained from the biol elaborated at the Guayas province.
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Analysis of fraction F3 showed a pasty appearance.
Of 5 peaks present in the chromatogram, three esters
and two hydrocarbons were identified. The majority of
peaks identified corresponded to pentadecanoic acid,

14-methyl-, methyl ester (Figure 2). Another compound
with a high percent abundance (14.46%) identified was
1,2-benzenedicarboxylic acid, diisooctyl ester mono
(2-ethylhexyl) ester (Table 2).

Table 2. Compounds identified in fraction F3 (ethyl acetate/methanol 60:40), obtained from biol elaborated at the Guayas province.

Peak Retention time (min) Compound Abundance (%)
1 9.87 Pentadecanoic acid, 14-methyl-, methyl ester 28.49
2 11.83 Octadecanoic acid, methyl ester 10.09
3 12.47 Eicosane 7.92
4 1417 Heptacosane 4.09
5 15.42 1,2-Benzenedicarboxylic acid, mono (2-ethylhexyl) ester 14.46

1,2-benzenedicarboxylic acid diisooctyl ester identified in
F2 was also identified in F3 with the same retention time
of 15.42 minutes, but as a different percentage of relative
abundance. The compounds reported in this study have
also been referenced by other authors. For instance, the
1,2-benzenedicarboxylic acid diisooctyl ester identified in
F2, was the main compound observed in the extract of P.
granatum fruits (Basheera et al. 2021). Some compounds
identified in F2 and F3 have pharmacological properties
that are more than antimicrobial, such as butyl palmitate
(hexadecanoic acid, butyl ester), which is reported to be a
potential alternative to combat sickle cell anemia (Tshilanda
etal. 2015), was reported as a liquid emollient and solvent/
diluent in the cosmetic industry, obtained in a solvent-
free system (Khan et al. 2018). Krishnan et al. (2014)
reported that the compound 1,2-Benzenedicarboxylic
acid, mono (2-Ethylhexyl) ester (F3) exhibited cytotoxic
activity against HepG2 and MCF-7 cancer cell lines and
low toxicity against normal HaCaT and NIH 3T3 cell lines
30. As shown, F2 fraction presented a greater amount of
compounds (11) than F3 (5) from biols from EI Oro and
Guayas provinces, respectively. This could be caused
by typical microorganism and the specific agroclimatic
conditions of the location where the biol was prepared,
impacting on its production (Compant et al. 2019; Saad
et al. 2020).

The analysis and interpretation of the 'H NMR and
BC-NMR (Table 3), compared with the literature,
indicates the presence of an alditol, specifically the so-
called Mannitol (2R, 3R, 4R, 5R-Hexane-1,2,3,4,5,6-
hexol) m/z: 182, with the molecular formula C.H,,O,
(Chapelle et al. 1991; SDBS 2019).

In the ®C-NMR spectrum, three peaks corresponding to
three carbons were observed, which compared to the
mass spectrum (M+ of 182), helped to conclude that
the molecule shows symmetry. Of the three carbons
observed, two of them appear in the DEPT in the normal
phase identified as methins C-2.5 and C-3.4, signals
consistent with carbons adjacent to hydroxyl groups (HO-
CH), their chemical shifts correspond at : 71.32 and 6:
69.38 respectively, whose H-2.5 protons appear as a
multiple with a chemical shift of &: 3.40; H-3.4 appears
as a triplet at &: 3.54 with an 8 and 6.8 Hz coupling
constant with their respective adjacent hydrogens. The
third signal in the *C-NMR spectrum was identified in
DEPT as methylene (C-1.6), with a chemical shift of 5:
63.87, also unprotected, which is why it is concluded that
it is bound to one hydroxyl group. In '"H NMR two groups
of complex signals consistent with their enantiotopic
character were also identified, corresponding to d: 3.38
H-1a, 6a, and d: 3.60 H-1b, 6b.

The spectrum of '"H NMR , 'H COSY (Table 3), shows
correlations between protons H-1.6<>-OH-1.6 (oH-
1a, b,6a, b: 3.38; 3.60m; 60H-1.6: 4.31f, J= 5.6; 6.4),
H-2.5-0H-2.5 (8H-2.5" 3.40m; 60H-2.5: 4.40d J=
5.4), H-3.4-0H-3.4 (8H-3.4": 3.54 {, 30H-3.4:4.13 d
J=6.8).

Antifungal evaluation

The antifungal assessment carried out against M.
roreri, revealed significant inhibitory activity on the three
compounds evaluated; fractions F2, F3, and the pure
compound C1 when compared to the control, 7 days
after inoculation (Figure 3 and 4).
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Table 3. Chemical shifts (3) of the pure compound C1 in the 'H NMR (DMSO, 400 MHz) and *C-NMR (DMSO 100 MHz), of the (2R, 3R,

4R, 5R)-Hexan-1,2,3,4,5,6-hexol.

Type H 3'HNMR m J(HH) J (Hz) c 3“C-NMR
-CH,0 16 361 m 16 64.36
3.38
>CH-0 25 3.45 m 25 72.05
>CH-0 34 3.54 t H-3/H-4 6.8 34 70.48
8
-OH 1 4.31 t OH-1/H-1a, 6.4 -
H-1b 56
-OH 2 442 d OH-2/H-2 5.2 -
-OH 3 415 t OH-3/H-3 6.8 -

d = Doublet; 3 = Chemical shifts; H= Proton; H/H= Proton distance; J= Coupling constant; m= Multiplicity; ¢ = triplet.

The non-parametric Kruskal-Wallis test confirmed that
not all treatments are equal or that there are significant
differences between at least one pair of treatments
(P-val=3.36x10%2). This was confirmed with the post hoc

non-parametric comparisons through Dunn’s test with
Holm correction which revealed all pairwise comparisons
between treatments had statistical differences (P-Val
Holm-Corrected <0.05).

2 22 A2
Csraaiiel3) = 103.08, p =336x10% &2 =027, Clggy, [0.21, 0.33], 1 gps = 390
20 - PHolm-corrected = 0.036
PHolm—corrected = 1.48x10"7 ] 1
! pHoInkcorledeld =1.22x1 0-‘3
P Hoim-corrected — 7.28x10°
! P Holm—corrected=1.24x10° - 1
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At |
E . A
£ K N
S 10 - o - g
% Py - Fmedian = 10-00
% ﬁmedian =8.50 HMmedian = 7.00 V R
S il
i . IF%
0 -
ct F2 F3 Control
n=120 n=120 n=120 n=30

Compound

Figure 3. Comparative analysis of M. roreri mycelial growth on PDA media containing different compounds (C1, F2, and F3) evaluated 7
days after inoculation. Each plot represents the total measures per compound compared to the control (Dunn test). Significance is shown as

corrected P values (Holm-correction) for each comparison.

The control treatment exhibited superior stability, with
minimal dispersion in the observed data (values ranging
from 10 to 15), and the highest median of 11 among all four
treatments. Compound F3 demonstrated moderate stability
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(values ranging from 7 to 13), with a slightly lower median
of 10 compared to the control. However, there is an evident
skewness in the violin plot, indicating data accumulation
above the median and greater dispersion below the median.




Compounds F2 and C1 display higher levels of dispersion
and instability in their results, with lower medians of 7.0 and
8.5, respectively (Figure 3). C1 and fraction F2 presented
an inversely proportional effect between concentration
and growth showing higher inhibition as concentrations
of both products were increased. Conversely, fraction F3
showed a directly proportional effect between concentration
and growth. Fraction F2 had a higher inhibitory effect
of 44.37% compared to C1 and F3 which had values

Control 1 ppm

10 ppm

of 28.63% and 8.34%, respectively (Figure 5). The
concentration of 100 ppm from fraction F2 showed the
most significant control against M. roreri, (P<0.05) and
was also the treatment with more stable results (less
variability) compared to F1 compound evaluated at the
same concentration (100 ppm). C1 showed LD, values
of 45 ppm and F2 of 32.51 ppm. LD, values for F3 could
not be determined. P<2.2x10'® was obtained by using
the Krustal-Wallis method.

50 ppm 100 ppm

7 days of inhibition

Figure 4. Inhibition of mycelial growth of M. roreriin PDA media with different compounds (C1, F2 and F3) evaluated 7 days after inoculation.

It is known that 1,2-benzenedicarboxylic compound
reports high antimicrobial activity against gram-positive
bacteria such as Bacillus cereus, Bacillus coagulants,
Streptococcus spp., and Staphylococcus aureus; gram-
negative bacteria: Escherichia coli, Proteus mirabilis,
Yersinia spp., and Pseudomonas aeruginosa; and two
yeasts: Candida albicans and Candida utilis (Binti et al.
2019). In F3, the compound 1,2-benzenedicarboxylic
acid, mono (2-ethylhexyl) ester with a high percentage
of abundance was also present, for which the literature
reports having high efficacy in the control of plant diseases
with a similar activity like that of a compound identified from
a crude extract of ethyl acetate from a strain of Trichoderma
(Xu et al. 2018) This compound was also present in F2,
probably responsible for the main affect against the growth
of M. roreri. Studies carried out by Ali et al. (2017) report

that this compound was the main obtained (58.56%)
in a methanolic extract from the roots of Chenopodium
album, which also showed high antifungal activity against
Sclerotium rolfsii. There were compounds with antibacterial
activity, such as eicosane; 1,2 benzenedicarboxylic acid;
and diisocityl ester acid. Eicosane, has been identified in
macroalgae (Troncoso et al. 2015) and acid, diisooctyl
ester (5.17%) in ethanolic extract of Phoenix pusilla fruit
(Thangadurai and Velavan, 2018). Other compounds with
antifungal activity, such as heptacosane, 1-chloro (7.04%
relative abundance), have also been found in ethyl acetate
extracts of aerial parts of Quisqualis indica (Akriti et al.
2017). The hexadecanoic acid butyl ester was reported in
the alcoholic extract of Chenopoidium (Al et al. 2017 and
El-Shahir et al. 2022), which differs from what we reported
in this study, ethyl acetate/methanol 60:40.
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Figure 5. Comparative analysis of M. roreri mycelial growth on PDA media containing different concentrations (1, 10, 50 and 100 ppm) of
compounds C1, F2, and F3, evaluated 7 days after inoculation. Each plot represents the total measures per treatment compared to the control
(Wilcox test). A general test, following the multiple Kruskal-Wallis method, is also shown in the graph. All tests were run with a significance of
95%. Significance shown on the top of each boxplot is read as follows: (0.0001="***), (0.001="**), (0.01="*), (0.05="), (ns=1).

From the compound isolated from the ethyl acetate fraction
of biol (C1) fromthe province of El Oro. After the isolated we
obtained a white solid pellet (60 mg) with a 164 °C melting
point, soluble in methanol. The compound C1, identified by
NMR in this study as mannitol, has also been isolated from
the olive leaves (Lama-Mufioz et al. 2020). The activity
of mannitol has been characterized as bacteriostatic
(Fernandez-Bolafios et al. 2000) against positive bacteria
including  Bacillus circulans, ~Enterococcus — avium,
Enterococcus avium Proteus vulgaris Bacillus circulans
Enterobacter gregoviae, Enterococcus asacchrolyticus,
and Bacillus brevis (Singh, 2014). Other studies show the
role of mannitol in increasing the sensitivity of persistent
bacteria forming biofims (Pseudomonas aeruginosa)
to antibiotics (Barraud et al. 2013), advising it as an
attractive raw material for developing next-generation
antibiotics (Nguyen et al. 2019). It could be inferred
from our results that the biological activity found in the
liquid organic amendments of this research, including
its effect on reducing the growth of M. roreri; could be
to the presence of antifungal compounds including
1,2-benzene carboxylic acid, bis (2-methyl propyl) ester,
acid 1,2-benzenedicarboxylic acid, mono (2-Ethylhexyl)
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ester and mannitol. Further research is needed to assess
if these compounds have synergistic interactions with
other compounds also present in these products.

CONCLUSIONS

The biological activity observed in some liquid organic
amendments (Biols), as the ones studied in this
work obtained by anaerobic fermentation, can be
related to the presence of secondary metabolites and
hydrocarbons with antifungal properties. The high
abundance (30.88%) of 1,2-Benzenedicarboxylic acid,
diisooctyl ester and the rest of the compounds identified
in fraction F2 could be related to the higher inhibitory
activity against Moniliophthora roreri. The use of GC-
MS and NMR can be used to identify compounds with
high accuracy for further characterization and serve the
purpose of molecule discovery for new applications,
either in agriculture or related fields. This report presents
a novel method of improving bioles to promote multiple
crop growth, using a natural fermentation process that
produces bioactive compounds capable of inhibiting
the growth of M. roreri. Notably, the process avoids
synthetic chemical products, facilitating organic waste




management and promoting green chemistry. Moreover,
in this study the biol production process could serve as a
potential natural bioreactor for developing other bioactive
components, such as antioxidants and antimicrobials,
for future applications in the cosmetic, food, and
pharmaceutical industries. However, further research
is necessary to explore these exciting possibilities fully.
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