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ABSTRACT

In this work, the preliminary phytochemical screening of the compounds found in the leaf extracts of Kitaibelia balansae
Boiss. plant, obtained from solvents of different polarities, was investigated by LC/ESI/QTOF in the negative ion mode,
and their biological activity on fungal species was studied. More than sixty compounds were observed, most of which
were recognized and identified as flavonoids of all classes. Acids such as shikimic, chlorogenic, jasmonic, and its ester,
methyl jasmonate, were also detected. The activity of these extracts on fungi was investigated and the results showed
a dual biological effect on fungi Fusarium solani and F. equiseti, while inhibiting F. redolens and Beauveria bassiana. MIC
values were also determined. However, to date, no detailed research has been conducted on the molecular constituents
of the leaves of K. balansae and their antifungal activity.

Keywords: Antifungal activity, Flavonoids, LC/ESI/QTOF, Plant extract

Introduction

Plants having medicinal properties have been
widely investigated since they compose several com-
plex mixtures of various concentrations of many
compounds, of which an important proportion is
unknown.1–3 Traditional Turkish medicine includes
many compounds with variations in chemical and
physical properties. Kitaibelia balansae Boiss. is the
only Turkish representative of the genus Kitaibelia,
which is traditionally used in the form of a cata-
plasm in the Anatolian part of Turkey.4 However,
in our previous work, we have reported the antimi-
crobial activity of the essential oil and extracts of
the K. balansea Boiss species.5 Since the literature
lacks information about the flavonoid constituents

of the total extracts of the leaves of this plant, and
since, up to date, there is no work conducted on its
activity against fungi, LC/ESI/QTOF in the negative
ion mode was used to identify the molecular content
of this plant extracts and test their biological activity
against fungi. There are few studies on Kitaibelia viti-
folia content6 but not in detail on K. balansea Boiss.,
that was identified by the botanist Pierre Edmont
Boissier from Anatolia, Turkiye (1867). Some studies
on the flavonoids present in the flowers of K. vitifo-
lia such as quercetin, luteolin, kaempferol, and their
glycosides have been reported.7 Various activities of
the extract of this species were also reported.8 How-
ever, flavonoids are naturally occurring polyphenolic
groups and are found in plants as secondary metabo-
lites.9 They are synthesized by plants to prevent
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microbial infections and play an important role as
defense and signaling compounds in plants.10,11 They
are also the active components of many medicinal
plants that exist in natural products, and most of them
are conjugated to a carbohydrate moiety, they occur
in plants as O-, C- glycosides and as free aglycones.
They are responsible for various biological activities
that are structure-dependent.12

At present, medicinal plants have proved to be
an alternative to synthetic drugs in preventing and
treating some diseases13 for example, the flavonone
eriodictyol exerts potent anticancer activity against
the A549 human lung cancer cell line by inducing
mitochondrial-mediated apoptosis, while luteolin in-
duces apoptotic cell death via antioxidant activity in
human colon cancer cells.14 However, the antifungal
efficacy and mechanisms of many classes of known
flavonoids have been well studied, for example, the
flavonone eriodictyol inhibits each of the following:
A. parasiticus, A. flavus, F. semitectum and P. expansum
fungal strains, while the isoflavone genistein inhibits
the T. rubrum strain, and the flavanols gallic acid
inhibits Candida albicans strains.15–17 The flavonol
isoquercitrin shows activity on C. albicans and C.
parapsilosis strains. The anthocyanidin peonidin has
exhibited activity on each of the following: C. albi-
cans, C. tropicalis, C. parapsilosis, C. glabrata, C. krusei
and C. dubliniensis, C. albicans, C. parapsilosis, C. krusei
and Candida strains.18 The potential of quercetin and
its glycoside derivatives as an antidepressant, as well
as other activities, has been reported.19 The associa-
tion between dietary flavonoid consumption and the
prevalence of chronic respiratory diseases has been
also reported.20 Flavonoids have potent anti-tumor
effects and considerable preventive and therapeutic
effects on numerous types of gastrointestinal can-
cers.21 There is increasing evidence for their effects
on hypertension, atherosclerosis, and other diseases,
which have been widely explored.22 Therefore, many
efforts have been made to synthesize active molecules
and investigate their anticancer and antitumor ac-
tivities.23 Other researchers have synthesized new
molecules and studied their antimicrobial efficiency
and cytotoxic effects.24 However, the excessive use
of synthetic drugs has led to the emergence of
multidrug-resistant isolates in pathogens such as
Fusarium, making it difficult to treat infections in
humans.25

Pathogenic fungi species, such as Fusarium, are
known to cause various diseases in plants and hu-
mans, as well as being responsible for significant
economic losses worldwide in the agricultural field.
Various Fusarium species have been identified to
cause local or widespread infections in both immuno-
compromised and healthy individuals.26 Moreover,

strains of this species isolated from the environment
acquire resistance due to their frequent exposure to
fungicides, making it difficult to resist infections in
agricultural areas. Consequently, fungi used for bio-
logical control, such as Beauveria bassiana and some
Trichoderma species, have been observed to cause
various infections, especially skin diseases including
corneal keratitis, in people working in the agricul-
tural field.27–30 Therefore, alternative methods have
been searched to fight against fungal infections in
plants,30 humans, and animals.29–31 These alternative
methods have emerged as biological control methods
and are sought in nature.30,32

In this study, the molecular constituents, and the
biological activity of K. balansae leaf extracts against
Fusarium species and the entomopathogenic fila-
mentous fungi B. bassiana were determined. The
effectiveness of the extracts obtained from different
solvents against the mycelial growth of fungi was
investigated.

Materials and methods

Plant collection

The aerial parts of K. balansae Boiss. were collected
(100 g) during the flowering stage on the 20th of
July 2015 from Konya, Turkiye. Collection locations
were at an altitude of 1400 m, and the plant material
was dried and identified according to the classical
Herbarium rules (Niğde Ömer Halisdemir University
Herbarium stock no. 4700). The leaves were collected
separately and were finely ground before extraction.

Experimental

Extraction of the leaves of K.balansae
12.00 Grams of the ground leaves of K. bal-

ansae plant were extracted in a Soxhlet for five
hours using 500 mL from each of: dichloromethane,
methanol, and water, respectively. The solvents were
evaporated under reduced pressure to give colored,
gum-like extracts. The content of these extracts
was examined by LC/ESI/MS. A yellow-colored ex-
tract (1.05 g) was obtained from the extraction by
dichloromethane, while the methanol extract was
dark green and the yield was 0.85 g. Water extraction
was carried out for three hours to yield 1.17 g of an
orange-colored, gum-like compound.

LC/ESI/MS acquisition

In this work, the G6530B component model MS
Q-TOF dual ESI ion source in negative ionization
Mode was used. The LC column was Poroshell 3 ×
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50 × 2.70 EC, C-18. The temperature was 30°C, and
the analysis temperature was 0.80°C. MS threshold
(abs) 200, MS/MS abs. the threshold was 5, and the
minimum (m/z) range was 100, and the maximum
(m/z) range threshold was 1000. The qualitative
analysis of the total extracts was performed in the
auto MS/MS mode with preferred mass ions m/z at
121.0508 and excluded mass ions at m/z 922.0097.
Isolation width MS/MS: (∼4 amu), Fixed collision
energy:15.00, the mass ranges from 100 to 1000 m/z.
The total time of analysis was 90 min, the UV de-
tection wavelength was 190–600 nm, the scan rate
(spec/sec): 2, Nitrogen gas temperature was 350°C,
and the N2 flow rate was 10 L/min. Nebulizer (psig)
35, V Cap: 3500, Fragmentor voltage: 175, Skimmer1:
65, Octopole RF Peak: 750, Ref Nebulizer (psig): 5,
Average Scans: 1, Detection Window (ppm):100, Min-
imum Height (counts):1000 HIP auto sampler Model,
G1367E, Draw Speed 200 µL/min., Eject Speed 200
µL/min., Injection volume 20 µL/min. LC pump;
Binary Pump Model G1312B, Flow 0.400 mL/min.
Solvent system; gradient; (A) H2O + 0.1% Trifluo-
roacetic acid (TFA): (0–20 min, 100–80%; 20–30 min,
80–65%; 30–50 min, 65–30%; 50–70 min, 30–20%;
70–80 min, 20–0%). Gradient; (B) Methanol: (0–20
min, 0–20%; 20–30 min, 20–35%; 30–50 min, 35–
70%; 50–70 min, 70–80%; 70–80 min, 80–100%).
Samples were dissolved in methanol and 10 ppm so-
lutions were prepared and injected.

Biological activity studies

In this study, fungi were isolated within the frame-
work of a project in Niğde, Ömer Halisdemir Uni-
versity, Biotechnology Department. For the growth
of Fusarium species (F.solani, F. redolens, F.equiseti,
and B. bassiana) and antifungal studies, PDA (potato
dextrose agar, Condalab) was used after sterilization.

The biological activity of each extract obtained
from different solvents against fungi species was
investigated by dissolving three different concentra-
tions (10 ppm, 20 ppm, and 40 ppm) of each extract
in a 10% DMSO (dimethyl sulfoxide) solution. Steril-
ization by filtering through a 0.22-micrometer filter.
Each extract was stored at +4°C.

Bioassay

Seven-days-old pure cultures of the fungi were used
in this study. Fungal disks with a 5 mm diameter were
taken from these cultures and placed on a petri dish
containing different concentrations of plant extract
(10, 20, 40 ppm). The results obtained from the three
parallels were given as the average of mycelial diam-
eter (mm) and calculated as a percentage of mycelial

inhibition using the formula reported by32 as shown
below:

%MI =
[(

dc− dt
)
/dc

]
× 100

Where, dc is the colony diameter developed in the
extract-free medium as a control.

Dt is the colony diameter of the fungi colony de-
veloped in the medium containing extract in the test
medium.

Determination of minimal inhibition concentration
(MIC)

The minimum inhibitory concentration is the low-
est concentration of an antimicrobial agent that pro-
vides complete inhibition (100%) of visual growth.
The protocol of CLSI (Clinical Laboratory and Stan-
dards Institute Methods, the “Reference Method for
Broth Dilution Antifungal Susceptibility Testing of
Filamentous Fungi, Approved Standard) was used to
determine MIC values of the extracts.32 Itraconazole
was used in its commercial formulation (Funit 100
mg, Nobel) as a reference drug. However, following
the protocol of CLSI, this drug was dissolved in 100%
dimethyl sulfoxide (Merck) and was prepared as a
stock solution of 2,000 µg/ ml. From this stock so-
lution, serial two-fold dilutions were prepared. The
concentrations of itraconazole ranged from 0.1 to 60
µg/mL, and each plant extract ranged from 0.05 to
60 µg/mL.

As described by CLSI, the antifungal reference drug
and three plant extracts were placed in a potato dex-
trose broth (PDB) medium in microfuge tubes with
concentrations ranging from (0.05–60 µg/mL). The
final concentrations of the inoculated fungal spore
suspensions for B. bassiana were adjusted to 3,1 ×
104 cells/ mL and 3,8 × 104 cells/ mL for F. redolens.
For the MIC tests, triplicate parallel inoculations were
made, and the tubes were incubated at 28 ± 2°C.
After seven days, the tubes with growing fungi were
considered positive, and the ones that inhibited the
growth were recorded as negative. The individual
tubes containing itraconazole and plant extract that
showed minimum inhibition were regarded as MIC.
The tubes containing only fungal spores inoculated
in the PDB medium were used for comparison as the
positive control.

Results and discussion

The mass spectrometric data chromatograms

The mass spectrometric data chromatograms ob-
tained from the extracts of the leaves of K. balansae
plant by each of dichloromethane, methanol, and
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water are given in Figs. 1 to 3. The compounds in
each extract shown in the mass data chromatograms
in Figs. 1 to 3 were tentatively identified by com-
paring their masses with those in the Main, Wiley,
Mass Bank Data Base, and the Mass Bank of North
America (MoNA) Libraries. However, the compounds
that were tentatively identified belonged mostly to
the known classes of flavonoids Fig. 4 and acids
such as Shikimic, Jasmonic, Chlorogenic and the fatty
acid eicosenoic, in addition to some Glycerophospho-
lipids, as is shown in Tables S1–S3.

From the mass data chromatogram of the leaves
of K.balansea Boiss. extracted by dichloromethane,
given in Fig. 1 and Table S1, many flavonoids
having various biological activities have been de-
tected.10,33–35 Catechin/ Epicatechin and (-)- Epi-
gallocatechin, which possess a variety of an-
timicrobial properties were present.36 The antho-
cyanidin, Cyanidin-3-O-alpha-arabinopyranoside and
iridin that exhibits anti-inflammatory and antioxi-
dant activity,37 were all observed in the early elution
range of (0.653–1.679). Kaempferol, which is known
to have many pharmacological effects,38 and lute-
olin, that possesses many activities14 and inhibits
fungal strains such as C. albicans, C. glabrata, C.
krusei, C. parapsilosis, C. tropicalis, A. fumigatus, and
T. rubrum, were also present. Some flavones, for
example, the isoflavone Equol that inhibits the C.
albicans fungal strain.18 The glucosides, kaempferol-
7-O-glucoside that possesses antiviral activity and
is considered as a new potential drug candidate
for the treatment of infections, as well as 8-
Prenylnaringenin39 were all observed in the region
(46.137–64.4). Whereas the range (65.926–71.128)
included mostly water-soluble flavonoid derivatives,
anthocyanidins, and anthocyanins, which are the
universal plants pigments responsible for the colors
of flowers and fruits.37 They have been consid-
ered as active principles of many medicinal plants
and as an important part of the human diet. These

phytochemicals have been reported to have many
bioactive properties, most notably their significant
abilities, in the suppression of tumor cells, for
example, the ability of the plant pigment, Cyanidin-
3, 5-di-O-glycoside in suppressing prostate cancer
has been reported.37,39–41 Some anthocyanidines
such as peonidin and other cyanidines have exhib-
ited antifungal activities against C. parapsilosis, C.
glabrata, C. krusei and C. dubliniensis strains16 How-
ever, in addition to these, Cyanidin-3-O-glucoside,
Cyanidin-3-O-sambubioside and digalacturonic acid,
were all observed in this region. The biflavonoid
amentoflavone that displays multifunctional biolog-
ical activities has a role as antiviral, antimicrobial
antifungal and anti-cancer activity. It is widely used
in traditional Chinese medicine.41,42

The region from (70.514–84.081) included
mainly the major flavonol, flavonone, isoflavanoids,
flovones, flavan and anthocyanidin type flavonoids,
and organic acids in addition to flavonoids having
one or more carbohydrate moieties in their structure.
2’.4’-Dimethoxy-3-hydroxy-6-methyl flavone had
antioxidant, anti-inflammatory activities and the
ability to scavenge reactive oxygen species was
detected in this region. It is worth mentioning here
that most of the flavonoids present in these extracts
in Tables S1–S3 show many pharmacological and an-
tifungal activities,34,40 for example methoxyflavone
(Wogonin) has exhibited antifungal activity against
A. fumigatus and T. rubrum.16,18 Table S2 included
many other flavonoids or their derivatives, in the
region (70.514–76.737).

Fig. 2 represents the mass data of the extract by
methanol which shows many components that were
tentatively identified and listed in Table S2. The
components present in this chromatogram include
D-Glucose, L-Histidine, 4,6-Dimethyl-3(4’-Hydroxyl
phenyl) coumarin, Dihydroxyflavanone, Anthocyani-
dins, Flavonol O-glycosides, Flavone C, C glyco-
sides, Prenylated flavanones, and isoflavones. Many

Fig. 1. LC/MS/QTOF Mass data chromatogram of the dichloromethane extract of K.balansae leaves.

https://bsj.uobaghdad.edu.iq/cgi/viewcontent.cgi?filename=0&article=5266&context=home&type=additional&preview_mode=1
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https://bsj.uobaghdad.edu.iq/cgi/viewcontent.cgi?filename=0&article=5266&context=home&type=additional&preview_mode=1
https://bsj.uobaghdad.edu.iq/cgi/viewcontent.cgi?filename=0&article=5266&context=home&type=additional&preview_mode=1
https://bsj.uobaghdad.edu.iq/cgi/viewcontent.cgi?filename=0&article=5266&context=home&type=additional&preview_mode=1
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Fig. 2. LC/MS/QTOF Mass data chromatogram of the methanol extract of K.balansae leaves.

Fig. 3. LC/MS/QTOF Mass data chromatogram of the water extract of K.balansae leaves.

more flavonoids were also present in this extract
as is shown in Table S2. However, the flavonoids
such as Catechin, Iridin, epigallocatechin, and cir-
siliol and isoschaftosides, that were observed in
the dichloromethane extract, were observed in the
methanol extract too, while many others were not
detected in the dichloromethane extract as expected
Table 1. This indicates that the polarity of the solvent
does play an important role in the extraction process
of a mixture of compounds with a wide range of
polarities.

The water extract of the leaves of K. balansae
plant is given in Fig. 3 and the compounds present
are listed in Table S3. The most interesting compo-
nents that were present in this extract were methyl
dihydroxy jasmonate, jasmonic acid43 and methyl
jasmonate44 in addition to prenylated flavonoids34,45

such as 8-prenylnaringenin and 6-prenylnaringenin.
The jasmonic acid and its derivatives (jasmonates),
are of particular importance as they are involved in
diverse signal transduction pathways to regulate var-
ious physiological and molecular processes in plants,
thus protecting plants from the lethal impacts of
abiotic and biotic stressors,43,44 While Prenylated
flavonoids are a novel type of nutraceuticals with

great health benefits, possessing a wide variety of
bioactivities, such as estrogenic activity, antioxidant
activity, immunomodulatory activity. They have a
low abundance in nature and are complicated to
be synthesized chemically. Prenylation significantly
enhances some bioactivities of flavonoids, especially
estrogenic activity and anticancer activity.46 This ex-
tract has also contained acids such as shikimic, quinic,
eicosenoic, 4-acetylbutyric acid, and 2, 3-dihydro-p-
coumaric acid as well as the alcohol tryptophol. 4, 6-
dimethyl-3 (4’-hydroxy phenyl) coumarin, and cate-
chin, genistein, naringenin, myricetin and many other
flavonoids that possess antifungal activities against
many fungal strains18 such as 2’.3’.6- trimethoxy
flavone and wogonin, as is shown in Table S3. How-
ever, the common compounds present in each of the
dichloromethane, methanol and water extracts of the
leaves of K.balansae plant are given in Table 1.

Determination of biological activity on Fungi

The mycelium growth of fungal species in cultures
containing plant extract was compared to the control,
i.e. cultures grown in extract-free media in Fig. 5
shows that K. balansea extracts have promoted the

https://bsj.uobaghdad.edu.iq/cgi/viewcontent.cgi?filename=0&article=5266&context=home&type=additional&preview_mode=1
https://bsj.uobaghdad.edu.iq/cgi/viewcontent.cgi?filename=0&article=5266&context=home&type=additional&preview_mode=1
https://bsj.uobaghdad.edu.iq/cgi/viewcontent.cgi?filename=0&article=5266&context=home&type=additional&preview_mode=1
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Fig. 4. Basic skeleton structure of flavonoids and their classes.

growth of F. solani and F. equiseti species and have
inhibited F. rodelens (effective against agricultural
pests). While B. bassiana species (entomopathogenic)
did not grow at any concentration of the extracts.
Fig. 5 also showed that the extracts have stimu-
lated the two fungi (F. solani and F. equiseti) while
inhibiting the other two fungi (F. redolens and B.
bassiana). However, in Fig. 5B, the water extract
of the plant has exhibited significant activity on
F.equiseti at 40 ppm concentration when compared to
the dichloromethane extract in Fig. 5A and methanol
extract in Fig. 5C. This may indicate that the com-
pounds extracted by water which include certain
flavonoids, fatty acids, and some organic acids in
Table S3 had affected the growth of F. equiseti fungi
more than the others in Table 2. The mycelial inhi-
bition percentage for the inhibited two fungal strains
was also calculated and is shown in Fig. 6.

The inhibition rates of F. redolens and B. bassiana
species were determined at all concentrations and
were found to be similar in extract types. B. bassiana
was inhibited at the three concentrations of all ex-
tracts by 100%. The inhibition of F. redolens was
(80%) in the methanol extract (10 ppm C extract) and
93% in the other extracts. As a result, the compounds
present in all extracts have inhibited the growth of F.
redolens and B. bassiana fungi. Therefore, we can con-
clude that the fungi to be used in biological control
are affected by the chemical content of the plant.

Similar studies have been carried out in the litera-
ture and the antifungal activity of flavonoids isolated
from mango (Mangifera indica L.) leaves has been

reported.47 In vitro, antifungal activity of phenolic
content obtained from grapes was also studied.48

However, the effects of yarrow (Achillea millefolium
L.), tansy (Tanacetum vulgare L.), sage (Salvia offic-
inalis L.) and wormwood (Artemisia absinthium L.)
leaf extracts on various phytopathogenic Fusarium
species were investigated. In the study, 5%, 10%,
and 20% concentrations of plant extracts were used
and their effects on the mycelial growth of Fusarium
avenaceum, F. culmorum, F. graminearum, F. sporotri-
chioides were determined. Plant extracts inhibited the
mycelial growth of phytopathogens depending on
the fungal species, extract type, and concentration.
At 20% concentration, extracts of sage and tansy
plants showed a strong inhibitory effect of 83.53%
and 72.58% against the tested fungi, respectively.
Yarrow and wormwood extracts were found to have
low fungistatic effects (63.82% and 67.57%), respec-
tively, indicating that low concentrations of plant
extracts stimulate the growth of Fusarium species.49

In vitro and greenhouse studies conducted by Ain
et al.,50 showed that Pinus wallachiana leaf extracts
showed an inhibitory effect when used to combat
the damage caused by Fusarium oxysporum species
to banana plants. The extracted content was investi-
gated by HPLC and, showed that the phytopathogenic
activity was due to polyphenols such as quercetin,
myricetin, kaempferol, rutin, gallic acid, trans-ferulic
acid, coumaric acid, epicatechin, and catechin.

Other researchers have studied the effect of aque-
ous extracts of 22 plant species on Fusarium solani
and Rhizoctonia solani under in vitro conditions and

https://bsj.uobaghdad.edu.iq/cgi/viewcontent.cgi?filename=0&article=5266&context=home&type=additional&preview_mode=1
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Fig. 5. Biological activity of the leaf extracts with each (A: dichloromethane; B: water; and C: methanol) at (10, 20, and 40 ppm) concentrations
on fungi. For control, mycelial growth was followed on PDA media in the absence of extracts.
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Fig. 6. Mycelia inhibition by K.balansae extracts with each (A: dichloromethane; B: water; C: methanol).

Table 1. Common compounds present in all of the leaf extracts of K.balansae by the three different solvents;
dichloromethane (DCM), methanol (MeOH) and water (H2O).

NO Compound m/z [M-H]- DCM MeOH H2O

1 (+/−) Catechin/epicatechin 290.9363 + + +
2 Cyanidin-3-O-alpha-arabinopyranoside 419.8978 + + –
3 Iridin 521.9139 + + –
4 Cirsiliol 330.9791 + + –
5 (R,S)-Equol 243.179 + + +
6 Hispidulin acetate 426.9677 + + –
7 Sambicyanin 581.2953 + + –
8 Jasmonic acid 209.9517 + – +
9 Eicosenoic acid 310.1774 + + +
10 Chlorogenic acid 355.2008 + – +
11 Shikimic acid 174.0528 + + +
12 Flavanone + 4O, 1Prenyl 563.2849 + + –
13 3-Hydroxy-3’.4’-dimethoxyflavone 298.1563 + + –
14 8-Prenylnaringenin 340.1992 + + +
15 2’.3’.6-Trimethoxyflavone 312.1721 + + –
16 Naringenin 7-O-glucoside (Prunin) 434.2998 + + –
17 5.7-Dihydroxy-8-methoxyflavone (Wogonin) 284.2678 + + +
18 7,4’-Dimethoxy-3-hydroxyflavone 298.156 + – +
19 3’.7-Dimethoxy-3-hydroxyflavone 298.156 + – +
20 4.6-Dimethyl-3(4’-hydroxyphenyl) coumarin 266.1511 + – +
21 3’.4’-Dimethoxy-3-hydroxy-6-methylflavone 312.1721 + – +

reported that except for Basil, Castor bean,
Chamomile, and Mint. All plant extracts were
shown to have antifungal activity against the two
fungi. Aqueous extracts of chili, lantana, lemon

grass, and Onion seeds were reported to significantly
reduce the mycelial growth of F. solani from 60.0%
to 74.4% and the mycelial growth of R. solani from
42.2% to 71.1%. Field experiments of these extracts
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Table 2. Comparison of MIC values for B.bassiana and F. redolens.

Fungal species Itraconazole* A* B* C* Control (Fungal growth)

F. redolens 10.0 60.0 60.0 60.0 +
B. bassiana 2.0 2.0 2.0 2.0 +

*: MIC values (µg/mL) of the leaf extracts with each (A: dichloromethane; B: water; and C: methanol, and
Itraconazole drug; (+): positive fungal growth).

were also conducted and showed that the plant
extracts have reduced the activity of phytopathogens
increased the survival percentage of the plant, and
improved the yield parameters.51 In another study,
pea plant root extract stimulated the germination
of F. solani spores, due to the flavonoids present
in the extract.52 However, plant extracts can have
different effects on fungi depending on their content,
and therefore, the in vitro effectiveness of plant
extracts must be determined before using them
against phytopathogens in agricultural fields. From
the human health point of view, it is necessary to
know how infectious fungi respond to plant extracts
in vitro under similar conditions, and that random
plant extracts should not be used for alternative
treatment purposes. In this study, antifungal studies
showed that the polyphenolic content of the extracts
of plants such as K. balansae, is responsible for
the various effects on fungi as it is reported in the
literature.6,7,18,48 This requires further research to
isolate and identify the polyphenolic compounds
responsible for the antifungal activity.

The minimum inhibitory concentrations (MIC100)
of plant extracts are compared in Table 2. According
to Fothergill,32 MIC research has not been enough to
allow the classification of pathogenic molds for their
antifungal susceptibility. However, general guide-
lines have been established to assist in analyzing mold
data. Based on large amounts of data, some fungi are
regarded as susceptible to antifungal compounds such
as itraconazole, when MIC is ≤ 1.0 µg/mL, interme-
diate when MIC is 2.0 µg/mL, and resistant when the
MIC is ≥ 4.0 µg/mL according to Fothergill.32

The MIC100 ranges for the two fungi (F.redolens and
B. bassiana) that have been investigated for their anti-
fungal susceptibility indicated that the reference drug
itraconazole and the plant extracts had the lowest
MIC values (2.0 µg/ml) for B. bassiana and showed
the highest MIC values, (10 µg/ml) for the plant
extract and (60µg/ml) for F.redolens. The scientists
have considered that this variation might be due to
species-specific susceptibility to the drug and plant
extracts.

As reported in the literature, the phytochemical
composition of the extracts, particularly polyphenols
such as quercetin, kaempferol, and gallic acid and
coumarin derivatives have been reported to signif-
icantly contribute to antifungal activity, correlating
these compounds with the observed inhibition has

provided insights into the mechanisms of action53,54

Comparative literature analysis has highlighted the
importance of combination with other compounds
and concentration dependence of extract effects,55,56

showing that bioactive polyphenol compounds, singly
or in combination with organic acids, interfere with
the life processes of fungi by binding to their protein
molecules, therefore acting as chelating agents, alter-
ing structural component synthesis. this results in the
weakening or destroying of the permeability barrier
of the cell membrane and changing the physiological
status of the cells, which has been shown to be active
against F. oxysporum.57 Ruan et al.52 proposed that
flavonoids could stimulate spore germination while
other authors,18,51,56 have found that extracts of some
plant species were able to inhibit fungi and bacteria
and that their ability was due to the presence of
flavonoids. These findings have practical implications
for biological control strategies and demonstrate that
careful selection of extract type and concentration is
critical to minimize undesirable stimulation of target
pathogens while maximizing antifungal efficacy.

Conclusion

This work is the first phytochemical and antifungal
study of the leaf extracts of K. balansae plants, where
the extracts have shown dual biological effects on
fungi by stimulating some species, while inhibiting
others. The leaf extracts and the reference antifungal
drug itraconazole had different effects on the fun-
gal species. However, the selection of an appropriate
concentration and species is critical for the effective
use of the extracts against target pathogens. The an-
tifungal agents of plant origin have arisen as safer
alternatives, since fungal pathogens cause significant
losses in agriculture, threatening food security and
human health through mycotoxin contamination. K.
balansae species contained more than 60 compounds,
which were identified, mainly as flavonoids of all
classes and organic acids, which are known to pos-
sess biological and pharmacological activities. The
extracts of this plant have also been traditionally
used by people in the Anatolian part of Türkiye as a
painkiller in the form of a cataplasm and the roots
were used for kidney and other infections. There-
fore, this research will continue to isolate prominent
compounds, test their activity and make use of their
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antifungal activity against the growth of various phy-
topathogenic fungi.
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A.Ş) and Yunus BOZKURT (Doavita A.Ş) for their
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Abdullah MI. Antimicrobial activity of the essential oil
and the extracts of Kitaibelia balansae species. J Essent Oil
Bear Plants. 2017;20(3): 809–819. https://doi.org/10.1080/
0972060X.2017.1324323.

6. Kurcubic VS, Raketic SV, Maskovic JM, Maskovic PZ, Kurcubic
LV, Heinz V, et al. Evaluation of antimicrobial activity of
Kitaibelia vitifolia extract against proven antibiotic-susceptible
and multidrugresistant (MDR) strains of bacteria of clini-
cal origin. Plants. 2023 Sep;12(18):3236. https://doi.org/10.
3390/plants12183236.

7. Maskovic P, Solujic S, Mihailovic V, Mladenovic M, Cvijovic
M, Miadenovic J, Dokovic GA, Kurcubic V. Phenolic com-
pounds and biological activity of Kitaibelia vitifolia. J Med
Food 2011;14(12):1617–1623. https://doi.org/10.1089/jmf.
2011.0013.

8. Matlawska I. Flavonoid compounds in the flowers of Ki-
taibelia vitifolia Willd (Malvaceae). Acta Pol Pharm Drug Res.
2001;58(2):127–131.

9. Liga S, Paul C, Péter F. Flavonoids: Overview of biosyn-
thesis, biological activity, and current extraction tech-
niques. Plants. 2023 Jul;12(14):2732. https://doi.org/10.
3390/plants12142732.

10. Mutha RE, Tatiya AU, SuranaSJ. Flavonoids as natural pheno-
lic compounds and their role in therapeutics. Future J Pharm
Sci. 2021;7(25):1–13. https://doi.org/10.1186/s43094-020-
00161-8.

11. Mandal SM, Chakraborty D, Dey S. Phenolic acids act as
signaling molecules in plant-microbe symbioses. Plant Signal
Behav. 2010;5(4):359–68. https://doi.org/10.4161/psb.5.4.
10871.

12. Ahmadi SM, Farhoosh R, Sharif A, Rezaie M. Structure-
antioxidant activity relationships of luteolin and catechin.
J Food Sci. 2020;85(2):298–305. https://doi.org/10.1111/
1750-3841.14994.

13. Kopustinskiene DM, Jakstas V, Savickas A, Bernatoniene J.
Flavonoids as anticancer agents. Nutrients. 2020;12(2):457.
https://doi.org/10.3390/nu12020457.

14. Kang KA, Piao MJ, Ryu YS, Hyun YJ, Park JE, Shilnikova
K, Zhen AX, Kang HK,Koh YS, Jeong YJ, Hyun JW. Lute-
olin induces apoptotic cell death via antioxidant activity in
human colon cancer cells. Int J Oncol. 2017;51:1169–1178.
https://doi.org/10.3892/ijo.2017.4091.

15. Ullah U, Munir S, Badshah SL, Khan N, Ghani L, Poulson BG,
Emwas AH, Jaremko M., Important flavonoids and their role
as a therapeutic agent. Molecules, 2020;25(22):5243. https:
//doi.org/10.3390/molecules25225243.

16. Cui X, Wanga L, Lü Y, Yue Changwu. Development and
research progress of anti-drug resistant fungal drugs. J In-
fect Public Health. 2022;15(9):986–1000. https://doi.org/10.
1016/j.jiph.2022.08.004.

https://doi.org/10.21123/2411-7986.5265
https://doi.org/10.21123/2411-7986.5265
https://doi.org/10.4324/9781003117964
https://doi.org/10.4324/9781003117964
https://doi.org/10.1007/s43188-020-00080-z
https://doi.org/10.1007/s43188-020-00080-z
https://doi.org/10.36347/sajp.2023.v12i07.001
https://doi.org/10.36347/sajp.2023.v12i07.001
https://doi.org/10.1080/0972060X.2017.1324323
https://doi.org/10.1080/0972060X.2017.1324323
https://doi.org/10.3390/plants12183236
https://doi.org/10.3390/plants12183236
https://doi.org/10.1089/jmf.2011.0013
https://doi.org/10.1089/jmf.2011.0013
https://doi.org/10.3390/plants12142732
https://doi.org/10.3390/plants12142732
https://doi.org/10.1186/s43094-020-00161-8
https://doi.org/10.1186/s43094-020-00161-8
https://doi.org/10.4161/psb.5.4.10871
https://doi.org/10.4161/psb.5.4.10871
https://doi.org/10.1111/1750-3841.14994
https://doi.org/10.1111/1750-3841.14994
https://doi.org/10.3390/nu12020457
https://doi.org/10.3892/ijo.2017.4091
https://doi.org/10.3390/molecules25225243
https://doi.org/10.3390/molecules25225243
https://doi.org/10.1016/j.jiph.2022.08.004
https://doi.org/10.1016/j.jiph.2022.08.004


1500 BAGHDAD SCIENCE JOURNAL 2026;23(4):1490–1502

17. Zhang Y, Zhang R, Ni H. Eriodictyol exerts potent anticancer
activity against A549 human lung cancer cell line by in-
ducing mitochondrial-mediated apoptosis, G2/M cell cycle
arrest and inhibition of m-TOR/PI3K/Akt signalling pathway,
Arch Med Sci. 2020;16(2):446–452. https://doi.org/10.5114/
aoms.2019.85152.

18. Al Aboody MS, Mickymaray S. Anti-fungal efficacy and mech-
anisms of flavonoids. Antibiotics. 2020;9(2):45. https://doi.
org/10.3390/antibiotics9020045.

19. Chen S, Tang Y, Gao Y, Nie K, Wang H, Su H, Wang Z, Lu F,
Huang W, Dong H. Antidepressant potential of quercetin and
its glycoside derivatives. Front Pharmacol. 2022;13:865376.
https://doi.org/10.3389/fphar.2022.865376.

20. Wu R, Zhu X, Guan G, Cui Q, Zhu L, Xing Y, Zhao J. Associa-
tion of dietary favonoid intakes with prevalence of chronic
respiratory diseases in adults. J Transl Med. 2024;22:205
https://doi.org/10.1186/s12967-024-04949-7.

21. Ding Y, Yu Y. Therapeutic potential of flavonoids in gas-
trointestinal cancer: Focus on signaling pathways and im-
provement strategies. Mol Med Rep., 2025;31(4):109. https:
//doi.org/10.3892/mmr.2025.13474.

22. Liu Y, Luo J, Peng L, Zhang Q, Rong X, Luo Y, Li J.
Flavonoids: potential therapeutic agents for cardiovascu-
lar disease. Heliyon 2024;10(12):e32563. https://doi.org/10.
1016/j.heliyon.2024.e32563.

23. Mohammed YHI, Shamkh IM, Alharthi NS, Shanawaz MA,
Alzahrani HA, Jabbar B, Beigh S, Alghamdi S, Alsakhen
N, Khidir EB, Alhuthali HM, Karamalla THE, Rabie AM.
Discovery of 1 -(5 -bromo pyrazin-2 -yl)-1-[3-(trifuorom
ethyl)benzyl]urea as a promising anticancer drug via synthe-
sis, characterization, biological screening, and computational
studies. Sci. Rep. 2023;13:22824. https://doi.org/10.1038/
s41598-023-44662-x.

24. Nashaana FA, Al-Rawia MS, Alhammerb AH, Rabiec AM,
Tomma JH. Synthesis, characterization, and cytotoxic activity
of some imides from galloyl hydrazide. Eurasian Chem Com-
mun. 2022;4:966–975. https://doi.org/10.22034/ecc.2022.
340135.1453.

25. Cighir A, Mare AD, Vultur F, Cighir T, Pop SD. Horvath,
K Man, A. Fusarium spp. in human disease: Exploring the
boundaries between commensalism and pathogenesis, Life
2023;13(7):1440. https://doi.org/10.3390/life13071440.

26. Batista BG, Chaves MA, Reginatto P, Saraiva OJ, Fuentefria
AM, Cui. Human fusariosis: An emerging infection that is
difficult to treat, Rev Soc Bras Med Trop. 2020;53:e20200013.
https://doi.org/10.1590/0037-8682-0013-2020.

27. Henke MO, Hoog GS, Gross U, Zimmermann G, Krae-
mer D, Weig M. Human deep tissue infection with
an entomopathogenic Beauveria species. J Clin Microbiol.
2002;40(7):2698–2702. https://doi.org/10.1128/JCM.40.7.
2698--2702.2002.

28. Ducange P, Verdina T, Stiro F, Grottola A, Orlando G,
Delvecchio G, Mastropasqua R. Beauveria bassiana keratitis:
Management of an atypical clinical presentation. Med My-
col Case Rep. 2021;33:1–4. https://doi.org/10.1016/j.mmcr.
2021.05.001.

29. Sal E, Stemler J, Salmanton-García J, Falces-Romero I, Kredics
L, Meyer E, Würstl B, Lass-Flörl, C, Racil Z, Klimko N,
Cesaro S, Kindo AJ, Wisplinghoff H. et al. Invasive Tricho-
derma spp. infections: clinical presentation and outcome of
cases from the literature and the FungiScope registry. J
Antimicrob Chemother. 2022;77:2850–2858. https://doi.org/
10.1093/jac/dkac235.

30. Seiber JN, Coats J, Duke SO, Gross AD. Biopesticides: State
of the art and future opportunities. J Agric Food Chem.
2014;62(48):11613–9. https://doi.org/10.1021/jf504252n.

31. Ali-Shtayeh MS, Ghdeib SA. Antifungal activity of plant ex-
tracts against dermatophytes. Mycoses. 1999;42(11-12):665–
72. https://doi.org/10.1046/j.1439-0507.1999.00499.x.

32. Fothergill AW. Antifungal susceptibility testing: Clinical lab-
oratory and standards institute (CLSI) tethods. Pages 65-74:
G.S. Hall (ed.), Interactions of yeasts, moulds, and antifun-
gal agents: How to detect resistance. Springer, 2012. https:
//doi.org/10.1007/978-1-59745-134-5_2.

33. Alam W, Khan H, Shah MA, Cauli O, Saso L. Kaempferol as
a dietary anti-inflammatory agent: current therapeutic stand-
ing. Molecules. 2020;25(18):4073. https://doi.org/10.3390/
molecules25184073.

34. Osorio M, Carvajal M, Vergara A, Butassi E, Zacchino S, Mas-
cayano C, Montoya M, Mejias S, Martin MC, Martinez VY.
Prenylated flavonoids with potential antimicrobial activity:
synthesis, biological activity, and in silico study. Int J Mol Sci.
2021;22(11):5472. https://doi.org/10.3390/ijms22115472.

35. Sadowska-Bartosz I, Bartosz G. Antioxidant activity of
anthocyanins and anthocyanidins. Int J Mol Sci. 2024;
25(22):12001. https://doi.org/10.3390/ijms252212001.

36. Xu YQ, Gao Y, Granato D. Effects of epigallocatechin
gallate, epigallocatechin and epicatechin gallate on the
chemical and cell-based antioxidant activity, sensory prop-
erties, and cytotoxicity of a catechin-free model bever-
age. Food Chem. 2021;1:339. https://doi.org/10.1016/j.
foodchem.2020.128060.

37. Tena N, Martin J, Asuero A. State of the Art of Anthocyanins:
Antioxidant Activity, Sources, Bioavailability, and Therapeu-
tic Effect in Human Health. Antioxidants. 2020;9(5):451.
https://doi.org/10.3390/antiox9050451.

38. Alrumaihi F, Almatroodi SA, Alharbi HOA,. Alwanian WM,
Alharbi FA, Almatroudi A, Rahmani AH. Pharmacological
potential of kaempferol, a flavonoid in the management of
pathogenesis via modulation of Inflammation and other bio-
logical activities. Molecules. 2024;29:2007. https://doi.org/
10.3390/molecules29092007.

39. Ibrahiem AA, Mosa AA, Mohammed LY. Polyphenol profile,
antioxidant potential, vitamin C and mineral contents of crude
parsley leaves extract (Petroselinum crispum) and its isolated
Apigenin. Baghdad Sci J. 2024;22(5):1465–1476. https://doi.
org/10.21123/bsj.2024.9622

40. Slika H, Mansour H, Wehbe N, Nasser SA, Iratni R,
Nasrallah G, et al. Therapeutic potential of flavonoids
in cancer: ROS-mediated mechanisms. Biomed Pharma-
cother. 2022;146:112442. https://doi.org/10.1016/j.biopha.
2021.112442.

41. Olivas-Aguirre F, Rodrigo-Garcia J, Martinez-Ruiz NR,
Cardenas-Robles AI, Mendoza-Diaz SO, Alvarez-Parrilla E,
et al. Cyanidin-3-O-glucoside: Physical-chemistry, foodomics
and health effects. Molecules. 2016;21:1264. https://doi.org/
10.3390/molecules21091264.

42. Xiong X, Tang N, Lai X, Zhang J, Wen W, Li X, Li A, Wu Y and
Liu Z. Insights Into amentoflavone: a natural multifunctional
biflavonoid. Front Pharmacol. 2021;12:768708. https://doi.
org/10.3389/fphar.2021.768708.

43. Rehman M, Saeed MS, Fan X, Salam A, Munir R, Yasin MU
et al. The multifaceted role of jasmonic acid in plant stres
mitigation. Plants 2023;12:3982. https://doi.org/10.3390/
plants12233982.

44. Nguyen TH, Goossens A, Lacchini E, Jasmonate: A hormone
of primary importance for plant metabolism, Curr Opin Plant
Biol. 2022;67. https://doi.org/10.1016/j.pbi.2022.102197

45. Yang X, Jiang Y, Yang J, He J, Sun J, Chen F, et al. Prenylated
flavonoids, promising nutraceuticals with impressive biolog-
ical activities, Trend Food Sci Technol. 2015;44(1):93–104.
https://doi.org/10.1016/j.tifs.2015.03.007.

https://doi.org/10.5114/aoms.2019.85152
https://doi.org/10.5114/aoms.2019.85152
https://doi.org/10.3390/antibiotics9020045
https://doi.org/10.3390/antibiotics9020045
https://doi.org/10.3389/fphar.2022.865376
https://doi.org/10.1186/s12967-024-04949-7
https://doi.org/10.3892/mmr.2025.13474
https://doi.org/10.3892/mmr.2025.13474
https://doi.org/10.1016/j.heliyon.2024.e32563
https://doi.org/10.1016/j.heliyon.2024.e32563
https://doi.org/10.1038/s41598-023-44662-x
https://doi.org/10.1038/s41598-023-44662-x
https://doi.org/10.22034/ecc.2022.340135.1453
https://doi.org/10.22034/ecc.2022.340135.1453
https://doi.org/10.3390/life13071440
https://doi.org/10.1590/0037-8682-0013-2020
https://doi.org/10.1128/JCM.40.7.2698--2702.2002
https://doi.org/10.1128/JCM.40.7.2698--2702.2002
https://doi.org/10.1016/j.mmcr.2021.05.001
https://doi.org/10.1016/j.mmcr.2021.05.001
https://doi.org/10.1093/jac/dkac235
https://doi.org/10.1093/jac/dkac235
https://doi.org/10.1021/jf504252n
https://doi.org/10.1046/j.1439-0507.1999.00499.x
https://doi.org/10.1007/978-1-59745-134-5_2
https://doi.org/10.1007/978-1-59745-134-5_2
https://doi.org/10.3390/molecules25184073
https://doi.org/10.3390/molecules25184073
https://doi.org/10.3390/ijms22115472
https://doi.org/10.3390/ijms252212001
https://doi.org/10.1016/j.foodchem.2020.128060
https://doi.org/10.1016/j.foodchem.2020.128060
https://doi.org/10.3390/antiox9050451
https://doi.org/10.3390/molecules29092007
https://doi.org/10.3390/molecules29092007
https://doi.org/10.21123/bsj.2024.9622
https://doi.org/10.21123/bsj.2024.9622
https://doi.org/10.1016/j.biopha.2021.112442
https://doi.org/10.1016/j.biopha.2021.112442
https://doi.org/10.3390/molecules21091264
https://doi.org/10.3390/molecules21091264
https://doi.org/10.3389/fphar.2021.768708
https://doi.org/10.3389/fphar.2021.768708
https://doi.org/10.3390/plants12233982
https://doi.org/10.3390/plants12233982
https://doi.org/10.1016/j.pbi.2022.102197
https://doi.org/10.1016/j.tifs.2015.03.007


BAGHDAD SCIENCE JOURNAL 2026;23(4):1490–1502 1501

46. Chen X, Mukwaya E, Wong MS, Zhang Y. A systematic
review on biological activities of prenylated flavonoids.
Pharm Biol. 2014;52(5):655–660. https://doi.org/10.3109/
13880209.2013.853809.

47. Kutawa AB, Bakori SS, Musa H. Antifungal activity of
Mangifera indica leaf extract on fungi isolated from bread
vended within bakori, Nigeria. Innovare J Agric Sci. 2021 Feb;
9(2):1–4. https://doi.org/10.22159/ijags.2021.v9i2.40710.

48. Simonetti G, D’Auria FD, Mulinacci N, Milella RA, Antonacci
D, Innocenti M, Pasqua G. Phenolic content and in vitro an-
tifungal activity of unripe grape extracts from agro-industrial
wastes. Nat Prod Res. 2019;33(6):803–807. https://doi.org/
10.1080/14786419.2017.1410811.

49. Kursa W, Jamiołkowska A, Wyrostek J, Kowalski R. Antifungal
effect of plant extracts on the growth of the cereal pathogen
Fusarium spp.- an in vitro study. Agronomy 2022;12:3204.
https://doi.org/10.3390/agronomy12123204

50. Ain QU, Asad S, Ahad K, Safdar MN, Jamal A. Antimi-
crobial activity of Pinus wallachiana leaf extracts against
Fusarium oxysporum f. sp. cubense and analysis of its fractions
by HPLC. Pathogens 2022;11(3):347–360. https://doi.org/10.
3390/pathogens11030347.

51. Abd-El-Khair H, El-Gamal Nadia G. Effects of aqueous ex-
tracts of some plant species against Fusarium solani and
Rhizoctonia solani in Phaseolus vulgaris plants. Arch Phy-
topathol Plant Prot. 2011;44(1):1–16. https://doi.org/10.
1080/03235400802678436.

52. Ruan Y, Kotraiah V, Straney DC. Flavonoids stimulate spore
germination in Fusarium solani pathogenic on legumes in a
manner sensitive to inhibitors of cAMP-dependent protein
kinase. Mol Plant- Microbe Interact. 1995;8(6):929–938.

53. Loncar M, Gaso-Sokac D, Molnar M. Coumarin derivatives as
antifungal agents. Czech J. Food Sci. 2023;41(2):79–91. https:
//doi.org/10.17221/178/2021-CJFS.

54. Padzil KNM, Rinai KR, Rukayadi Y, Abas F, Sanny M, Abdul-
Mutalib A. Antifungal activity and phytochemical profile of
kayu manis hutan (Cinnamomum iners Reinw. Ex Blume Lau-
receae) leaf extract against spoilage microorganisms. Food
Res. 2025;9(2):306–315. https://doi.org/10.26656/fr.2017.
9(2).132.

55. Mishra P., Singh P, Tripathi NN. Evaluation of plant extracts
against Fusarium oxysporum f.sp. lycopersici, wilt pathogen
of tomato. Int J of Food Agr Vet Sci. 2014;4(2)163–
167.

56. Sanchez-Hernandez E, Gonzalez-Garcia V, Correa-Guimaraes
A, Correa-Guimaraes A, Casanova-Gascon J, Martin-Gil J,
et al. Phytochemical profile and activity against Fusar-
ium species of Tamarix gallica bark aqueous ammonia ex-
tract. Agronomy 2023;13(2):496; https://doi.org/10.3390/
agronomy13020496.

57. Rongai D, Pulcini P, Pesce B, Milano F. Antifungal activity
of some botanical extracts on Fusarium oxysporum. Open Life
Sci. 2015;10:409–416. https://doi.org/10.1515/biol-2015-
0040.

https://doi.org/10.3109/13880209.2013.853809
https://doi.org/10.3109/13880209.2013.853809
https://doi.org/10.22159/ijags.2021.v9i2.40710
https://doi.org/10.1080/14786419.2017.1410811
https://doi.org/10.1080/14786419.2017.1410811
https://doi.org/10.3390/agronomy12123204
https://doi.org/10.3390/pathogens11030347
https://doi.org/10.3390/pathogens11030347
https://doi.org/10.1080/03235400802678436
https://doi.org/10.1080/03235400802678436
https://doi.org/10.17221/178/2021-CJFS
https://doi.org/10.17221/178/2021-CJFS
https://doi.org/10.26656/fr.2017.9(2).132
https://doi.org/10.26656/fr.2017.9(2).132
https://doi.org/10.3390/agronomy13020496
https://doi.org/10.3390/agronomy13020496
https://doi.org/10.1515/biol-2015-0040
https://doi.org/10.1515/biol-2015-0040


1502 BAGHDAD SCIENCE JOURNAL 2026;23(4):1490–1502

 Kitaibeliaتحليل المركبات الكيميائية النباتية في أوراق نبات )

balansaeونشاطها البيولوجي على بعض الفطريات ) 

 ³، ميسون إبراهيم عبد الله³، فاديمه يلدريم ديمين²، زرين زرينلر جاليشكان¹آيتن أوزتورك

 ديمير، نغدة، تركيا.قسم التكنولوجيا الحيوية، كلية العلوم، جامعة نغدة عمر خالص  ¹

 قسم البيولوجيا الجزيئية وعلم الوراثة، كلية العلوم والآداب، جامعة يلدز التقنية، إسطنبول، تركيا. ²

 قسم الكيمياء، كلية العلوم، جامعة نغدة عمر خالص ديمير، نغدة، تركيا. ³

 الخلاصة

 Kitaibelia balansaeالموجودة في مستخلصات أوراق نبات  في هذا العمل، تم إجراء الفحص الكيميائي النباتي الأولي للمركبات

Boiss والتي تم الحصول عليها باستخدام مذيبات ذات قطبية مختلفة، وذلك باستخدام تقنية ،.LC/ESI/QTOF  ،في نمط الأيونات السالبة

التعرف على معظمها وتحديدها على أنها  كما تمت دراسة نشاطها البيولوجي على الأنواع الفطرية. تم رصد أكثر من ستين مركباً، تم

فلافونويدات من جميع الفئات. كما تم الكشف عن أحماض مثل الشيكيميك والكلوروجينيك والجاسمونيك وإستره ميثيل جاسمونات. تمت 

 .Fو Fusarium solaniدراسة نشاط هذه المستخلصات على الفطريات، وأظهرت النتائج تأثيرًا بيولوجياً مزدوجًا على فطريات 

equiseti في حين تم تثبيط ،F. rodelens وBeauveria bassiana( كما تم تحديد قيم التركيز المثبط الأدنى .MIC ومع ذلك، حتى .)

 ونشاطها المضاد للفطريات. K. balansaeالآن، لم يتم إجراء أي دراسة مفصلة حول المكونات الجزيئية لأوراق نبات 

 ، مستخلص نباتي.LC/ESI/QTOFشاط المضاد للفطريات، الفلافونويدات، الن الكلمات المفتاحية: 
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