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Abstract

Today, the issues of restoring human health, meeting the demand for food, or maintaining
soil fertility in a moderate state are among the issues of a wide range of issues. Therefore, in
order to solve these problems, today more and more natural resources are being eliminated.
Therefore, we also aimed to isolate the secondary metabolites from the fungus Trichderma
asperellum, which contains metabolites of different properties in itself, and to study their prop-
erties. During our treatment, the extract sum obtained from the fungus of Trichoderma asperel-
lum was fractionated in different solvent systems (hexane, hexane chloroform, chloroform,
chloroform methanol, methanol) and its secondary metabolites were extracted. In this study, we
thought it necessary to introduce some chromatographic analyses of the fractionated secondary
metabolites in the chloroform methanol 19:1 system and the properties of some of them.
Keywords: Trichoderma asperellum, extract, secondary metabolites, chromatographic

analyses

Introduction

Identification of beneficial plants, organ-
isms and microorganisms and the study of
their beneficial properties is a wide network
around the world. Our research team also
carries out practical work on the identifica-
tion of microorganisms, including micro- and
macrofungi and the isolation and determina-
tion of metabolites they produce in order to
study their beneficial and harmful properties.
In this regard, in order to make our research
more correct and complete, we have identified
several sources on the isolation of metabolites

of fungi of the constellation Trichoderma, the
study of their biological properties. Volatile
organic compounds produced by the tricho-
derma atrovirid fungus have been found to be
related to plants, that is, these metabolites are
associated with mycoparasitic interactions
with host fungi. Three of them — described as
agents of an antifungal nature — were highly
secreted by the Ahdal mutant, while 3-oc-
tanone was found in smaller amounts in the
head cavity. The metabolites produced by T.
atroviride were also significantly enhanced
in the growth and development of B. cinerea
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Ahdal (Verena Speckbacher et al., 2024). In
addition, 25 different MVOCs were found
when Trichoderma atroviride was applied in
biocontrol cultures (spectral compatibility
factor of at least 90% and LTPRI + 2% max-
imum relative deviation from the literature
values). These metabolites were known to
be VOCs of the classes of alkanes, alcohols,
ketones, furans, pyrones (mainly bioactive
6-pentyl-alpha-pyrone), mono- and sesqui-
terpenes, while the production of 13 Trich-
oderma spp was not previously identified
and 11 volatile substances were additional-
ly validated using valid standards (Norbert
Stoppacher et al., 2010). In another study,
the effect of the herbicide 2,4-dichlorophe-
noxyacetic acid (2,4-D) synthesized by the T.
harzianum IM 0961 strain on lipidome and
selected extracellular substances was studied,
and it was found that the herbicide 2,4-D af-
fects the lipid moiety in the mycelium and that
the herbicide has lipophilic properties (Julia
Mironenka et al., 2020). Available data reveal
the important importance of secondary me-
tabolites of T. harzianum, which may reduce
side effects in antioxidant and anti-inflamma-
tory treatments. Therefore, T. harzianum has
retained a potent antioxidant property and ef-
fectively clears ROS by lowering T-reg mark-
ers. (Alblihed et al., 2023). In order to study
the peptidaibiotic substances synthesized by
fungi of the constellation Trichoderma chro-
matographic and spectroscopic methods
were used. All of these peptidaibiotic groups
have been found to exhibit biological activity
including antibacterial, antifungal, antiviral
effects, as well as cytotoxic effects such as im-
munosuppressive and neuroleptic properties
(Adigo Setargie et al., 2024). Ethyl acetate
extract of TH-TINDO2 Gas Chromatography
— Mass spectrometry analyses revealed 21
major and small volatile organic compounds
counted as a multiplicity component: acet-
amide, 2, 2, 2-trifluoro-N, N-bis trimethyl-
Icylyl-C (94.74%), along with the isolation
produced hydrolytic enzymes chitinase, cellu-
lose, -1, 3 glucanase and protease as a com-
ponent (Abhay K et al., 2024). Trichoderma
releases various volatile compounds, includ-
ing alcohols, aldehydes, ketones, ethylene,
hydrogen cyanide, and monoterpenes, as well
as non-volatile compounds, including peptai-
bols, and diketopiperazine-like glycotoxins

Section 2. Chemistry

and gliovirin, which show antibiotic activi-
ty. (Amrita Saxena et al., 2025). In addition,
when root samples of the plant were inoccat-
ed with Trichoderma asperellum, sometime
after inoculation with Ganoderma. bonin-
ense, fungus-releasing metabolites were de-
tected and detected in the GC-MS method
(Muniroh Ms et al., 2025). Of the several
isolates of another Trichoderma, the follow-
ing most abundant substances were nabbed:
6-Pentil-2H-pyran-2-A, 2,3,5,5,8a-pentam-
yl-6,7,8,8a-tetrahydro-5H-chrome-8-ol Tol-
uene, 2,4, Ditert-butyl phenol, 1,5, Dimeth-
yl-6-methylene spiro (2,4) heptanes and 2,4,
Ditert-butylphenol, 1,5, Dimethyl-1-meth-
ylenpyro (2,4) heptanes and N, N-dimeth-
yl-1-(4-methylphenyl)ethanol, Benzenetha-
nol, 1,5-dimethyl-6-methylenpyro(2.4) and
6-pentil-2H-pyran-2-one, Anethanol and
1-hydroxy-2,4-di.tert lequinyl Benzene vs
Benzene (Srinivasa Nagappa Chowluru et al.,
2017). In another study with T. hamatum,
it was extracted in ethyl acetate and several
secondary metabolites were obtained and pu-
rified and studied by HRESIMS, NMR, UV,
IQ, circular dichroism, and Mosher depo-
sition method. In this case, 1-7 structure
compounds not previously known, 8 known
are obtained. Metabolites 1, 2, and 9 are
rare, compounds 3-8 are cyclonean sesqui-
terpenes, 6—5—4-7 are harzian diterpenes
composed of tetracyclic carbon skeletons,
and compound 5 is known to be cyclonerane-
sesquiterpenes, which is the first to replace
-OOH (Li Huang et al., 2024). Metabolites
of Trichoderma strains found in the sea
have also been studied. Molecular diversity
of Trichoderma metabolites, especially the
abundance of metabolites that conserve the
skeletons of cycloneran, bisabolan, harzian,
sorbitsillinoid, and peptaibol, has been iden-
tified. Among the metabolites, 235 mem-
bers are known to have several bioactiveites
such as microalgal, antifungal, cytotoxic,
zooplankton-toxic, antibacterial, anti-inflam-
matory, anti-inflammatory (Yin-Ping Song
et al., 2024). Ethyl acetate extraction sum of
TRIO7 isolate When GC—MS was examined,
spathulenol, triacetin, and aspartame were
checked to be the major substances, and were
observed to be 28,90, 14,03, and 12,97%, re-
spectively. The analysis of TRIO7-VOC with
the solid-phase microextraction technique
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revealed that the most common compounds
include ethanol, hydroperoxide, 1-methyl-
hexyl, and 1-octen-3-one. When TRIO7 in-
teracts with Alt3, 34 compounds with key
components including 1-octen-3-one, etha-
nol, and hexanedioic acid, bis(2-ethylhexyl)
ester were identified. (Philip B et al., 2024).
The filamentous fungus Trichoderma reesei
is a multi-producer of plant cell wall-disrupt-
ing enzymes that are regulated in response
to various environmental signals for optimal
adaptation, but also produce a wide range of
secondary metabolites (Schalamun M et al.,
2023). To investigate the antiviral properties
of secondary metabolite compounds derived
from four Trichoderma spp. culture filtrates.
GC-MS analysis. 24 substances with a rela-
tive amount of more than 10% of secondary
metabolites have been reported (Rizk M.N.
et al.,, 2024). In addition, identification of
volatile metabolites isolated from Trichoder-
ma strains and gas chromatography-mass
spectrometry (GC-MS) assays revealed 98
volatile compounds with antifungal activity
through GC—MS analysis: phenethyl alcohol,
benzene derivatives, D-limonene, octadeca-
noic acid methyl ester, toluene, hexadecanoic
acid, several phenolic isomers, and important
volatile compounds with antifungal activity
such as eicosamine and eicosamine (Abde-
naceur R. et al., 2024). Our previous studies
have provided information on the isolation
of secondary metabolites from T. asperellum
fungus and GC-MS analysis and their signifi-
cance (NomozovaM.Z et al., 2023).

Section 2. Chemistry

Method

Preparation of biomass
The strain of T. asperellum was primited
for 2 weeks under mandible feed conditions,
followed by isolation using filitation paper
(Whatman #1.5). The collected biomass was
dried at a temperature (+ 45 °C). In the next
step, the biomass was ground until it became
a powder. The resulting mass ethyl alcohol
was mixed in a 1:2 state and put on a pendu-
lum shaker at 155 pl/min for 20 h. The alco-
hol mixture was then subjected to filtration
process and the obtained filtrate was driven
in a rotary drive at 40 pL./min at 78.5 °C. This
process was repeated 7—8 times. The total
extract mass was collected and dried, so that

the finished mass was 15gr.

Fractionation technology

For extraction of the extracted dry curd
mass, colonical (columnar) chromatography
was used to isolate the solids. The length of
the glass column is 60 cm, and it is consid-
ered to have a diameter of 12 cm. Initially,
the kalonka was washed in hexane substance,
then 240gr of 100/250 m size from silicagel
L (Chemapol Prana-Czechoslovakia) was
placed on this kalonka. The 15g biomass
was thoroughly mixed with 14g silicagel and
turned into paroshok and put into a column
over the silicagel. Fractionation was applied
sequentially according to the polarity of the
solvents and each separated fraction was ver-
ified by TLCH analysis.

Figure 1. Thin-layer and gaseous liquid chromatography
of chloroform methanol 19:1 fraction
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Results

In this study, we cited several analyses
and some of the metabolites obtained when
the fractionation process was conduct-
ed in a ratio of 19:1 to chloroform meth-
anol. During this step of fractionation,
the obtained fractions were treated with
thin-layer (chloroform, methanol 9:1 sol-

14 16 18 20
[min]

vent system was used) and gaseous liquid
chromatographic analysis was performed
(Fig. 1).

The volatile substances detected by the
obtained chromatographic examinations were
found to be the following compounds when
compared with the data in the MS data library
(Table 1).

Table 1. Chloroform: methanol 19:1 in the fraction of metabolites decomposed

Metabolit name

Molecular Moleculyar Time to ab-

formula massg/mol sorption
1 Trans-2-undecenoic acid C11H2002 184.28 11,879
2 giif;’fggiﬁeocmnom acid, 2-octyl-, C20H3802 310.5 12,990
3 9-Tetradecenal, (Z) C14H260 210.36 13,061
4 }lliﬁéi;zgz;;[gflcarboxyllc acid, bis(2-eth- C2413804 39055 13,226
5 }lliﬁéi;elr;z:;gflcarboxyhc acid, bis(2-eth- C2413804 39055 13,352
6 }Zlez‘elrtlarlloy‘g 4-(2,6,6-trimethyl-1-cyclo- 1911990 1943132 13,438
7 9,12-Octadecadienoyl chloride, (Z, Z)- C18H31ClO 298.9 13,688
8 Tetradecanoic acid C14H2802 228.37 13,760
9 Pentadecanoic acid C15H3002 242.40 14,455
10 Hexadecanoic acid, methyl ester C17H3402 270.4507 14,864
11 n-Hexadecanoic acid C16H3202 256.4241 15,312
12 11-Octadecenoic acid, methyl ester C19H3602 296.4879 16,028
13 Oleic Acid C18H3402 282.4614 16,473
14 Octadecanoic acid C18H3602 284.4772 16,530
15 Hexadecanoic acid, ethyl ester C18H3602 284.4772 17,272
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Ne Metabolit name Molecular Moleculyar Time t? ab-
formula massg/mol sorption
16 Z;&B-Elcosatrlenom acid, methyl C21H3602 320.5093 17.318
17 Linoleic acid ethyl ester C20H3602 308.4986 17,956
18 9-Octadecenoic acid (Z)-, 2,3-dihy- C921H4004 356.53 18,311
droxypropyl ester
19 Diisooctyl phthalate C24H3804 390.6 18,709
20 Ogxiraneoctanoic acid, 3-octyl-, cis- C18H3403 298.4608 19,053
21 Retinoic acid, methyl ester C20H2802 300.4351 19,243

Discussion

During this further fractionation, sever-
al undissociated metabolites were detected:
1,3-Benzenedicarboxylic  acid, bis(2-eth-
ylhexyl)  ester,  1,4-Benzenedicarboxylic
acid, bis(2-ethylhexyl) ester, 2-Butanone,
4-(2,6,6-trimethyl-1-cyclohexen-1-yl),  reti-
noic acid, methyl ester. When the properties
of retinoic acid were studied, it was found
that vitamin A and its active metabolite all-
trans-retinoic acid (ATRA) are a collection of
substances that regulate several physiological
functions in some organ systems, and normal
immunity was considered important. Vita-
min A derivatives are useful in the treatment
of cancer, and ATRA is used in the differential
treatment of acute promyelocytic leukemia

(APL) (bukasz Szymanski et al., 2020). Vita-
min A and retinoid derivatives are recognized
as morphogens that govern body structure and
skeletogenesis and, when excessive, cause pro-
found defects (Alanna C. Green et al., 2016). At
the same time, the decomposed linoleic acid
(18:206; cis, cis-9,12-octadecadienoic acid)
was also known to be the most consumed PUFA
in the human diet (Jay Whelan et al., 2013).

Conclusion
The results of the above study show that
as a result of this stepwise fractionation, or-
ganic substances, unlike some other frac-
tions, have decomposed and these substanc-
es are substances of specific biologically
active properties.
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