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Abstract

Plant extracts are natural sources of bioactive compounds that could be used for crop protection and preserving human health.
The present study aimed to evaluate the impact of ethanolic extracts of Senna alexandrina leaves and Achillea millefolium flow-
ers on the growth of some filamentous fungi and yeasts isolated from yellow corn and human. Alcoholic extract of Achillea mille-
folium flowers showed significant inhibitory effects against the filamentous fungi: Aspergillus flavus, A. ustus, Cladosporium
oxysporum, Fusarium graminearum and Penicillium citrinum, beside the dermatophytes Trichophyton mentagrophytes,
T.rubrum, T. schoenleinii, T. terrestre and T. verrucosum. The superiority of the A. millefolium flower extract over the Senna
alexandrina leaves extract the growth of most of the tested fungi. There was a direct relationship between the concentrations of
the alcoholic extract of A. millefolium flowers and the inhibition in halo diameters of Candida isolates. High concentrations, in-
cluding (200, 150, 125, 100) mg/mL inhibited the growth of all Candida isolates, while the 25 mg/mL concentration was ineffec-
tive against any of the tested isolates. Candida krusei was the most sensitive to the alcoholic extract of Achillea flowers
(inhibition halo=22 mm at a concentration of 200 mg/ mL). Candida glabrata was the most resistant. Also direct relationship
was recorded between the concentration of the alcoholic extract of S. alexandrina leaves and the diameters of the inhibition
halos for Candida isolates. The high concentrations (200, 150, and 125 mg/mL) inhibited the growth of all the tested isolates.
Candida albicans (2) was the most sensitive, while C. glabrata, was the most resistant. The present results showed the possible
use of the two plant extracts as preventing factors for the growth of fungi in plants and humans.

Keywords: Achillea millefolium, Candida isolates, Ethanol extracts, Molecular identification, Pathogenic fungi, Senna
alexandrina

INTRODUCTION

Since ancient times, plants have been a source of nu-
merous significant therapeutic substances for preserv-
ing human health. Extracts and effective compounds of
plants were used in the past as a traditional folk remedy
for about 80% of the people on Earth, in accordance
with the WHO (Muthu et al., 2006). Over half of all clini-
cal medications used today have natural origins (Baker
et al., 1995).

Herbal remedies or herbal medicine (phytomedicine)
are regarded as the most widely used type of comple-
mentary and alternative medicine (Ogbonnia et al.,
2011). Many medicinal herbs are used to treat many

infectious and non-communicable diseases. Many peo-
ple worldwide are susceptible to fungus-related infec-
tions due to the resistance of fungal strains. Antifungal
medications are either very costly or have numerous
adverse effects. Many therapeutic herbs are a valuable
resource for the treatment of fungal diseases, some of
them have a wide range of anti-fungal capabilities
(Murtaza et al. 2015). Compounds of plant origin are
generally less expensive and safer to use because they
are safer and more available than synthetic ones
(Cheesman et al., 2017; Chitsazian-Yazdi et al., 2015).
Iragi people use many plants to treat traditional infec-
tious diseases (Najla and Awaz, 2009).

Achillea millefolium L. (Yarrow) is a medicinal plant
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that contains approximately 100 active anti-fungal and
anti-bacterial compounds (Ghanati et al., 2014). It be-
longs to the Asteraceae family, which has been record-
ed growing on many continents, such as Europe, Asia,
and North America. Many species of Achillea are em-
ployed in gardens as decorative plants. The green parts
of yarrow possess a lengthy history of use in conven-
tional veterinary herbal therapy (Ludwig, 1996; Hir-
ti ,2000; Jangjoo et al., 2023). The essential oils of A.
millefolium L. have medicinal benefits for their antiseptic
and the ability to reduce inflammation (Benedek et al.,
2007). Yarrow preparation is used in the form of a
boiled extract or in the form of juice to treat many ail-
ments such as flatulency, bleeding, bowel inflammation,
cramps, loss of appetite, sores, rashes, and treatment
of snake bites (Chandler et al., 1982 ). Yarrow is used
to treat conventional and folk medicine wounds, diges-
tive problems, respiratory diseases, and skin diseases.
Among its other uses is the treatment of some liver dis-
eases and mild analgesics (Applequist et al., 2011).
Senna is a broad genus of flowering plants belonging to
the Fabaceae family, and the subfamily Caesalpinioide-
ae. There are an estimated number of Senna species )
260 — 350( varying between herbal plants and shrubs.
These species are distributed along the tropical, sub-
tropical, and temperate regions (Randell and Barlow,
1998). Senna plants contain many compounds that be-
long to the anthraquinone group, which are called sen-
nosides, including sennosides A, B, C, and D, as well
as naphthalene derivatives, plant sterols, flavonoids,
tannins, essential oils etc. (Haiek and Tillett, 2010).
Senna alexandrina has been known as a medicinal
plant since 1950 (Duncan, 1957), and is commonly
used as a laxative (Kinnunen et al., 1993). The leaves
and fruits of the plant are used to treat haemorrhoids,
skin and respiratory infections, migraine, and epilepsy
(Srivastava et al., 2006; Ahmad et al., 2010).

Some researches indicate that the use of sennosides A
(SA) inhibit the growth of a wide numbers of microor-
ganisms, including bacteria (Bacillus subtilis, Salmonel-
la typhi, Staphylococcus aureus, E. coli, Pseudomonas
aeruginosa, Streptococcus pneumoniae) and fungi
(Aspergillus flavus, A. niger, Fusarium moniliforme, Rhi-
zoctonia bataticola, beside Candida albicans) (Sharma,
2012; Rizwana et al., 2021).

The yeast Candida is the second most infectious path-
ogen in the world (Whibley and Gaffen, 2015). Candida
species can produce biofilms, which enables them to
resist the action of antibiotics. Therefore, the mecha-
nism of action of antifungals is often investigated
(Bachmann et al., 2002). Of all systemic Candida disor-
ders, C. albicans and C. glabrata account for 65-75%,
followed by C. parapsilosis and C. tropicalis (Brunke
and Hube, 2013).

Since the natural products' composition differs depend-
ing on the region and the method of extraction, this

study aimed to evaluate the impact of ethanolic extracts
of S. alexandrina leaves and A. millefolium flowers on
the growth of some filamentous fungi and yeasts isolat-
ed from yellow corn and human.

MATERIALS AND METHODS

Isolation of fungi from yellow corn

Thirty seeds of yellow corn were randomly collected
from the local markets of Mosul, at the rate of 5 seeds
per plate containing Potato Sucrose Agar (PSA(
medium after sterilizing them with 0.1% NaOCI solution
and three times washing using distilled water, all steps
were carried under sterile conditions then incubated for
5-7 days at 28°C (Prakash et al., 2012; and Noman et
al., 2018).

Isolation of fungi from human

Skin scrapings were taken from patients with skin infec-
tions in the scalp, body, and infected nails (Kidd et al.,
2016), and cotton swabs were taken from patients with
infections in the ears and mouth and between the toes,
planted on the Sabouraud Sucrose Agar medium
(SSA), incubated at 3001 for 2-4 weeks for
dermatophytes, while swab samples were incubated at
3701 for 2 days. Growing samples were kept in slants
and identified using their taxonomic keys (Baumgartner
et al., 1996; Al-Assaf et al.,2020).

Diagnosis of fungal isolates

Diagnosis was conducted based on shape, color, diam-
eter, background, phenotypic secretions, microscopic
diagnosis of fungal hyphae, reproductive structures,
and taxonomic keys (Emmons et al., 1977; Leslie et
al., 1990 ; deHoog and Guarro 1995; Samson et al.,
2004 ; Pitt and Hocking, 2009 ; Al-Rejaboo et al.,
2021).Candida sp. diagnosis were conducted by the
diagnostic culture medium (Chromogenic candida
agar), incubating for 24 - 48 hours at 37°C (Pfaller et
al., 1996; Baumgartner et al., 1996 ).

Collection of plant materials

Yarrow flower and S. alexandrina leaves were collected
from the Zagros Mountains, in Erbil Governorate/ Kurdi-
stan Region/ northern Iraq, then identification was done
according to (Whitson and Burrill, 2002; Lesica, 2002).

Preparation of crude alcoholic extracts

Ten grams of dried powder of each yarrow flower and
S. alexandrina leaves were immersed in a sufficient
amount of absolute ethanol separately, then crushed
using a homogenizer, stirred using a magnetic stirrer
for 24 hours at10 [1 temperature. The mixtures were
filtered using multiple layers of gauze and Whatman
No. 1 filter paper. The filtrate was subjected to a centri-
fuge at a speed of 3000 rpm. The filtrates were then left
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in a rotary evaporator device to evaporate the solvents.
The obtained dry materials were considered crude
plant extracts (Iranbakhsh et al., 2020; Al-Rejaboo and
Jalaluldeen,2019).

To prepare the 200 mg/mL stock solution, 1 g of each
crude extract was dissolved in 5 mL of dimethyl sulfox-
ide (DMSO). The stock solution was pasteurized for 10
minutes at 62°C to sterilize it.

Antifungal activity

The concentrations of 5, 10, 15, and 20 mg/mL of alco-
holic extracts for each plant were prepared by adding
certain quantities of plant extracts to certain quantities
of the nutritional medium PDA, then the media was
poured into Petri dishes in triplicates of each concentra-
tion for each fungal isolate. The plates were inoculated
with 6 mm diameters discs of 7 days' age of each cer-
tain fungal isolate. Also, the control dishes containing
medium without any addition were inoculated in the
same way then incubated at 28°C for 7 days. The
results were recorded by calculating the diameters of
the growing colonies (Pandey et al., 1982; Al-Rejaboo
and Al-Obaidy, 2013).

Anti-yeast activity

Assays were carried out in Muller-Hinton agar medium
utilizing the Kirby-Bauer disk diffusion method. Two
replicates were conducted for each treatment. Each
petri dish of the SDA media was inoculated by swab-
bing 0.1 mL of the specific yeast suspension (prepared
from 24-hour incubation colonies at 37°C and calibrated
by comparison with 0.5 McFarland tubes). Six other
concentrations were prepared from the stock solution
(200 mg/mL) previously prepared for each plant extract
(150, 125, 100, 75, 50, 25) mg/ mL.

Then, discs of sterile filter paper measuring 6 mm in
diameter were made. Each disc was soaked with 10 pL
of one of the seven concentrations prepared previously,
discs were sequentially distributed in each pre-
inoculated petri dish.

The filter paper discs soaked with 10 yL of DMSO were
used as negative control treatments, while standard
Nystatin (100 pg) discs were used as positive control
treatments. After incubation for 24 hours at 37°C, the
findings were recorded by measuring the diameters of

the inhibition haloes formed around each disc (Al-Assaf
et al.,2020; Younes et al., 2021).

Identification of fungi by polymerase chain reaction
(PCR)

A molecular study was conducted using PCR to con-
firm the identification of two isolates, one of which was
mold and the other was yeast.

DNA extraction from the mold isolate
Geneaid Genomic DNA Mini Kit was used to extract
pure genomic DNA.

Preparation of agarose gel and electrophoresis of
DNA extracted from the mold sample

DNA was detected on a 2% agarose gel. The electro-
phoresis was run (10 V/cm, 1.5 h). The strips were
photographed under UV light using a gel documenta-
tion device and the product of the PCR reaction.

Employing PCR to identify the highly conserved
ITS region in mold

DNA concentration was adjusted by dilution with TE
buffer. 50 ng/ uL were taken for each sample and the
program in Table 1 was used for amplification.

In an 0.2 mL Eppendorf tube from Biolaps (England),
the DNA sample, primer (Table 2) (Mhmood et al.,
2021), and pre-mix ingredients were combined to cre-
ate the master reaction mixture for PCR. Next, using
distilled water to set the reaction volume to 20 pL, the
mixture was centrifuged for three to five minutes using
a microfuge instrument. Afterward, the tubes were
placed into the thermocycler to carry out the multiplex
reaction, each reaction utilizing a different program,
after that the sample and DNA ladder, manufactured by
Biolaps, were loaded into the wells of agarose. After
that, the samples underwent (60-70) minutes of elec-
trophoresis. Lastly, a picture of the gel was taken with
the gel documentation. Using a DNA clean-up Geneaid
kit, the PCR bands were excized from the gel and puri-
fied for DNA sequence analysis.

DNA extraction from the yeast isolates
DNA was extracted from the yeast using Geneaid Ge-
nomic DNA Mini Kit.

Table 1. PCR program for amplification of the Internal Transcribed Spacer (ITS) region from Aspergillus flavus

No. Stage Temperature Time Cycle number
1. Initial Denaturation 95 5 min. 1
2. Denaturation 95 45sec.
3. Annealing 55 1 min. 35
4. Extension 72 1 min.
5. Final extension 72 7 min. 1
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Table 2. Sequence of primers used to amplify the ITS
region in molds

Primer Sequence 5°-3’
Forward TGAATCATCGACTCTTTGAACGC
Reverse  TTTCTTTTCCTCCGCTTATTGATAT

Detecting the presence of the highly conserved ITS
region in yeast using PCR technique

To get the concentration needed to run PCR reactions
(Table 3), the DNA concentration was adjusted by dilution
with TE buffer. 50 ng/ uL was taken for each sample.

In a 0.2 mL Eppendorf tube from Biolaps (England), the
DNA sample, primer (Table 4) (White et al., 1990), and
pre-mix ingredients were combined to create the mas-
ter reaction mixture for PCR.

The tubes were then put into the thermocycler to carry
out the multiplex reaction using the designated program
after the reaction volume was set to 20 microliters with
distilled water. The mixture was then centrifuged using
a microfuge equipment for 3-5 minutes.

Agarose gel preparation and DNA electrophoresis
To run and detect DNA, a 2% agarose gel was pre-
pared. The electrophoresis was (10 V/cm, 1.5 h). The
strips were photographed using a UV Tran illuminator
and also the product of the PCR reaction.

DNA extraction from the gel

Using a Geneaid kit, the PCR bands were removed
from the gel for purification and nucleotide sequence
analysis.

Statistical analysis
Prism / P<0.0001 one-way ANOVA analysis was used
for the statistical analysis.

RESULTS AND DISCUSSION

Isolation and identification of fungi

The filamentous fungi isolated from maize were: Asper-
gillus flavus, A. niger, A. ustus , Cladosporium ox-
ysporum, Fusarium graminearum, and Penicillium cit-
rinum. Human pathogenic filamentous fungi isolated
from the different parts of the body of patients attending
Al-jamhouri Hospital in Mosul city and suffering from

Trichophyton dermatophytes including: T. men-
tagrophytes , T.rubrum , T. schoenleinii , T. terrestre
and T. verrucosum

The yeasts isolated from some patients suffering from
infections in the mouth and between the toes, including
Candida albicans , C. krusei , C. glabrata and C. para-
psilosis .

Molecular identification of Aspergillus flavus and
Candida parapsilosis

To confirm the identification of the genotype and genet-
ic affinity of both A. flavus and C. parapsilosis, DNA
was extracted for both fungi to detect it by PCR meth-
od, where it was confirmed that the sample was pure
and that the fungus A. flavus belonged to molds as
shown in Figure (1) where one fluorescent package
appeared, and this was evidence that the fungus A.
flavus was pure.

The purity of the yeast Candida parapsilosis was con-
firmed, and it belongs to the yeasts (Fig. 2). The exist-
ence of a single package indicated that the yeast C.
parapsilosis was pure. The two samples were se-
quenced and Blast was conducted in NCBI. Results
showed that the fungi showed the highest identity with
A. flavus. The sequence was submitted to, and the
strain name Aspergillus flavus M-Z-M1 and the acces-
sion number (LC723826.1) were given.

Also, the DNA sequencing of the yeast isolate was car-
ried out and showed the highest identity with C. para-
psilosis and given the strain name C. parapsilosis M-Z-
M2 and when submitted to NCBI given the accession
number LC723827.1

The origin of A. flavus M-Z-M1 strain was shown in Fig.
(3). From Fig. 3, the Iraqi isolate Aspergillus flavus M-Z-
M1 isolated from yellow corn was genetically close to
the Chinese isolate and diverged by 0.076 for the same
fungus isolated from Nigeria, Poland and Brazil and not
similar to the Pakistani isolate.

The origins of Candida parapsilosis M-Z-M2 was con-
firmed by conducting a genealogy search for several
neighboring countries, as shown in Fig. (4).

The Iraqi isolate C. parapsilosis M-Z-M2 from mouth,
which causes stomatitis and periodontitis, is genetically
identical to the Argentine isolate, and is genetically close
by 2.410 from the Japanese isolate and by 2.911 from the
Iranian isolate, and divergent from the Belgium isolate.

Table 3. PCR reaction program for amplifying the ITS region of Candida parapsilosis

Co. Stage Temperature Time Cycle Cumber
1. Initial denaturation 95 6 min. 1

2 denaturation 95 45 sec.

3 Annealing 58 1 min. 35

4. Extension 72 1 min.

5 Final extension 72 5 min. 1
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Table 4. Sequence of primers used in amplifying the ITS
region from fungi

Primer Sequence
Forward (ITS1) TCCGTAGGTGAACCTGCGG
Revers (ITS4) TCCTCCGCTTATTGATATGC

Impact of using alcoholic extracts of Senna alexan-
drina leaves and Achillea millefolium flowers on
isolated filamentous fungi

The results of A. millefolium flower alcohol extract on
isolated filamentous fungi showed significant inhibitory
effects compared to control treatments against each of
the following filamentous fungi: Aspergillus flavus, A.
ustus , Cladosporium oxysporum , Fusarium gramine-
arum and Penicillium citrinum, , beside the dermato-
phytes Trichophyton mentagrophytes, T.rubrum , T.
schoenleinii, T. terrestre and T. verrucosum (Fig. 5).
Figure 5 shows that the higher concentrations caused
greater inhibitions, as there was a progressive reduc-
tion in the colony diameters, especially at a concentra-
tion 20 mg/mL. The growth of the following fungi
(Cladosporium oxysporum, Fusarium graminearum,
and T. verrucosum) was completely inhibited at the
latter concentration, while Penicillium citrinum grew to a
diameter of 0.7cm, T. schoenleinii grew in a diameter
of 1.7cm. At the same concentration, the following iso-
lates (A. flavus, A. ustus, T. terrestre) grew with colony
diameters of (2.2, 2.5, 3) cm, respectively while T. men-
tagrophytes was more resistant to the effect of alcohol-
ic extract, which grew in a diameter of 5.3 cm. Also, the
growth of C. oxysporum and T. verrucosum isolates
was completely inhibited at a concentration of 15 mg/
mL. The rest of the concentrations also significantly
inhibited fungal growth for all fungi used, but the inhibi-
tion was less than what was caused by higher concen-
trations. When comparing the inhibitory effect of Achil-
lea millefolium flowers alcoholic extract with the effect
of the alcoholic extract Senna alexandrina leaves

Fig. 1. PCR reaction product of Aspergillus flavus studied
for the ITS region and a reaction product of 330bp, carried
over by a 2% agarose gel

(Cassia sp.) at the same concentrations, we notice the
superiority of the A. millefolium flowers over the Senna
leaves in inhibiting the growth of most the tested fungi
(Figure 6).

At a 20 mg/mL concentration, A. ustus was the only
fungus completely inhibited by alcoholic extract of S.
alexandrina leaves compared to a control (5.7 cm). The
inhibitory effect of Senna alcoholic extract on A. ustus
was less than the inhibitory effect of the Achillea mille-
folium flowers at the rest of the concentrations. The
present study noticed a decrease in the diameter of the
fungus colony coinciding with an increase in the con-
centration of the plant extract. The diameters of the
colony at concentrations (5, 10, and 15) mg/mL
reached (5.6, 3, and 2.9) cm, respectively. This is also
the case for the other fungal isolates under study. The
growth of all fungal isolates directly decreased propor-
tionally to the increase in concentrations of the plant's
alcoholic extract. The highest growth inhibition after A.
ustus was achieved in P. citrinum whose growth diame-
ter was 1.1 cm at a concentration of 20 mg/mL com-
pared to the control treatment (7 cm), followed by A.
flavus isolate which grew with a diameter of 3.2 cm,
compared to the control treatment (7.5 cm). Fusarium
graminearum diameter was 4.2 cm at the same con-
centration compared to the control treatment (7 cm).
Figure (6) also showed that the dermatophytes Tri-
chophyton schoenleinii and T. terrestre grew with a
diameter of 5 cm compared to the control treatment
(7.5 cm) while, T.rubrum grew with a diameter 5.1 cm
compared with the control treatment (7.5 cm). Tri-
chophyton mentagrophytes diameter growth of 6 cm at
the same concentration compared to a control treat-
ment (7.5 cm).

The study also compared the inhibition activity of the
extracts with antifungal ketoconazole (Figure 7). As a
pure compound, we used small concentrations of keto-
conazole (0.5, 1, 1.5, and 2 mg/mL). The study noticed
a high inhibition in the growth of the tested fungi. The
inhibition levels differed significantly from one fungus to

Fig. 2. Product of the PCR reaction for a sample of the
yeast Candida parapsilosis studied in the ITS region,
700bp reaction yield migrated by 2% agarose gel
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another.

The fungi C. oxysporum, besides A. ustus, and F. gra-
minearum were more sensitive to ketoconazole con-
centrations than the rest of the tested fungi, as they did
not grow at all previous concentrations compared to the
control treatments (2.2cm, 5.7cm, and 7 cm, respec-
tively).

At 2 milligrams per milliliter of Ketoconzole, Tri-
chophyton terrestre grew with a colony diameter 0.4
cm but T. verrucosum ,T. mentagrophytes and
T.schoenleinii grew with a colony diameters (0.6, 0.7,
and 0.7) cm respectively. T. rubrum gave the highest
colony diameter (3.5 cm) at the same concentration.
Ketoconazole was a growth inhibitor of all the fungi
under study, but the fungus T. rubrum was one of the
most resistant to this antifungal compared to the rest of
the tested fungi, despite its inhibition. Thus, this drug is
considered broad-spectrum in its inhibition of different
fungi. Inhibition is due to the similarity between fungi in
the composition of the cell wall, especially the com-
pound ergosterol, which is targeted by the antibiotic to
stop lanosterol from being converted to ergosterol in
the path of formation of the fungal wall, which prevents
its growth and spread and thus reduces or eliminates

its pathogenicity.

From the previous results, a gradual reduction in the
ability of the fungi colonies under test to grow was no-
ticed, coinciding with an increase in the concentrations
of the alcoholic extracts of the two plants. A. millefolium
alcoholic extract was superior in inhibiting the tested
fungi, and greatly increased effectiveness in inhibition
compared to the alcoholic extract of the S. alexandrina
leaves, even though the two extracts gradually inhibited
the growth of all fungal colonies. Compared with the
control sample, there are highly significant differences
in inhibition for all concentrations and all tested fungi.
This is evidence of the existence of effective com-
pounds capable of inhibiting the growth of fungi despite
their different isolation sources.

Impact of Senna alexandrina leaves and Achillea
millefolium flowers' alcoholic extract on isolated
yeasts

Table 5 shows, in general, a direct relationship be-
tween the concentrations of the alcoholic A. millefolium
flower extract and the inhibition halo diameters of the
yeast isolates under study. The high concentrations,
including (200, 150, 125, and 100) mg/mL prevented
every yeast isolation from growing. The inhibition halos'
diameters ranged between 9 and 22 mm. The 75 mg/
mL concentration prevented all yeasts from growing
except for C. glabrata. The diameters of the inhibition
halos ranged between 7 and 13 mm. The concentration
of 50 mg/mL was only effective in the growth of C.
krusei and the diameter of the inhibition halo reached
12 mm, while the concentration of 25 mg/mL was not
effective against any of the tested isolates. The results
of Table 5 also show that C. krusei was the most sensi-
tive to the alcoholic extract of Achillea flowers, as its
growth was affected by all concentrations of the extract
(except for the concentration of 25 mg/ mL), and
through it, the highest inhibition was achieved (22 mm)
at a 200 mg/mL concentration, which exceeded the
value of inhibition halo in the positive control treatment
(18 mm) and differed significantly from it.

On the contrary, C. glabrata was the most resistant, as
the lower concentrations of the extract (25, 50, and 75)
mg/mL did not show any inhibitory activity, while the
high concentrations of the extract (100-200) mg/mL
inhibited the growth of this yeast with values ranging
between (9 -13) mm, which was less than nystatin
treatment (22 mm).

Additional findings indicated that the yarrow flower ex-
tract had a moderate effect on C. albicans 1,2 and C.
parapsilosis, as the extract inhibited the growth of these
isolates only at higher concentrations (75-200) mg/ mL.
In these concentrations, the growth inhibition values did
not reach the values achieved when using the antifun-
gal nystatin, except the isolate C. albicans 2 .The value
of the growth inhibition halo at a 200 mg/mL concentra-
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under study; (#) significant inhibitory effect

tion for the last isolate was equal to the halo formed by
the antifungal nystatin (20 mm).

Table 6 demonstrates the direct correlation between
the alcoholic extract's concentrations of Senna alexan-
drina leaves and the diameters of the inhibition halos
for the tested yeast isolates. The high concentrations,
including 200, 150, and 125 mg/mL inhibited the devel-
opment of every isolate examined. The diameters of
the inhibition zones ranged between 8 and 18 mm.

All Candida isolates were inhibited at a dose of 100 mg/
mL except C. glabrata, and the diameters of the zone
inhibition ranged between (9 and 14) mm. The concen-
trations (75 and 50) mg/mL did not affect the growth of
each of the C. krusei and C. glabrata, while they inhibit-
ed the rest of the species, but the inhibition was less
than what was achieved by the rest of the higher con-
centrations since the inhibition zones varied in size
from 7 to 11 mm. The concentration of 25 mg/mL only
had an impact on C. albicans (2) growth, and the inhibi-
tory zone was only 7 mm in diameter. The growth of
Candida albicans (2) was inhibited by all concentrations
of the extract, so it was considered the most sensitive.
In contrast to C. glabrata, which was the most resistant.
Its growth was affected only in high concentrations of
125, 150, and 200 mg/ mL of the extract. The diame-

ters of the inhibition halos were 8, 10, and 12 mm, re-
spectively.

However, in all treatments, the diameters of the inhibi-
tion halos caused by the addition of the standard anti-
fungal (nystatin) were the best. They differed signifi-
cantly from the best values achieved when adding any
concentration of the alcoholic extract. This applies to
any of the yeast isolates under study.

All negative control treatments were ineffective against
all yeast isolates, which indicates that any inhibitory
effect of ethanol extracts of the plant flowers resulted
from its active components, and the solvent used in
preparing them has no effect. As for the positive control
treatments, all Candida species showed sensitivity to
nystatin (100 ug), which inhibited their growth.

The inhibitory effect of Achillea millefolium flower ex-
tract in this research can be attributed to its various
secondary metabolites like flavonoids, phenolic sub-
stances, essential oils, and sesquiterpenes (Fierascu et
al., 2015; Faiku et al., 2018). Khare (2007) indicated
that Achillea millefolium extract includes salicylic acid,
flavonoids, polyacetylenes, triterpenes, coumarins, tan-
nins, alkaloids (achilleine), and volatile oil that contains
linalool, camphor, sabinene, chamazulene, and other
azulenes. Some of these compounds act as anti-

1450



Al-Rejaboo, M. A. et al. / J. Appl. & Nat. Sci. 16(4), 1444 - 1455 (2024)

Ketoconazole

Aspergillus flavus

A. ustus

Cladosporium oxysporum
Penicillium citrinum

Fusarium graminearum
Trichophbyton mentagrophytes
T. rubrum

T. schoenleinii

T. terrestre

T. verrucosum

=

3 #
24 |# # ##
il hf#_f ####l#### el Huu# fimnd
& REPR 5 9BEPR 5 RER 5 2EP & 9P & &8P &
S S TS TN T SRR

Concentrations mg/ml

Fig. 7. Inhibitory effect of different concentrations of antifungal Ketoconazole on the growth of isolated fungal colonies

from different sources measured in centimeters

Table 5. Inhibition zone diameters caused by ethanolic extract of Achillea millefolium flowers ( mg/ mL) against Candida

isolates

Candida Nystatin DMSO Achillea millefolium flowers extract concentrations

isolates (100ug) 200 150 125 100 75 50 25
C. albicans 1 22a IN (117:1") (1;_;%) 25;‘(;) (101.(?0) (71'_ sy N IN

(0.70)

Cabioans2 oo N 0 T s G4y o NN
C. krusei (1?4(1:) N (25781) (1(?.:;) (1(§37e1f) (1(;1.;?) (103.791h) (1027h1|) IN
C. glabrata (?4[1)) N (153(?) (101.7ij1) ?OI.(OO) ?ol.(m) IN IN N
e DA N DB UL WKWK S W

According to Duncan multiple range test, the different letters that follow the inhibition zone diameters indicate significant differences in

probability (0.01).
IN= inactive (Inhibition zone diameter= zero)

inflammatories, like salicylic acid and chamazulene.
Also the ability of alcoholic Senna alexandrina leaf ex-
tracts to inhibit the yeasts under study can be explained
by the fact that they include a wide range of secondary
metabolites such as flavonoids, aromatic compounds,
phenols, alcohol (Rizwana et al., 2021), beside sapo-
nins as well as tannins (Khan and Srivastava, 2009).
Tannins bind to protein rich in proline and thus disrupt
the process of protein synthesis (Shimada, 2006).
Plants produce flavonoids naturally in response to mi-
crobial infections, and it is not surprising that these
compounds are secreted outside the body of the organ-
ism to become effective against a wide range of micro-
organisms. The effectiveness of saponins against mi-
croorganisms is due to their capacity to cause the leak-

Each diameter refers to the mean of two replicates The numbers in brackets refer to the standard deviation values

ing of microbes' proteins and enzymes (Patra and
Saxena, 2009).

The reason for the different sensitivity of yeast isolates
to the extract prepared in this research is that each
species has unique properties in terms of its posses-
sion of virulence factors, and it has different sensitivity
patterns to antifungal (Pappas et al., 2018), as Candida
species have diverse pathogenic factors, such as the
release of enzymes, cellular adhesion, host defense
evasion, and the creation of biofilms (Silva et al., 2012).
The limited capacity of some extracts to prevent the
growth of some yeast isolates, such as C. glabrata,
may be attributed to these isolates' capacity to create a
biofilm, which acts as a barrier that prevents the extract
from penetrating the cell membrane, or by binding to

1451



Al-Rejaboo, M. A. et al. / J. Appl. & Nat. Sci. 16(4), 1444 - 1455 (2024)

Table 6. Inhibition zone diameters caused by ethanolic extract of Senna alexandrina leaves ( mg/ mL) against Candida

isolates
Candida iso- (1%)(()sta)tin DMSO Senna alexandrina leaves extract concentrations
lates Hg 200 150 125 100 75 50 25
. 22a 18c  16de  15ef  14fg  11ij 11j
C. albicans 1 (0.70) IN 070) (0.00) (0.70) (1.41) (141) (o00) N
. 20 b 17cd  15ef  14fg  12hi 11§ 9k 7m
C. albicans 2 (0.00) IN (141)  (000) (0.70) (0.00) (0.70) (0.00)  (1.41)
. 18¢ 16de  15ef  12hi 9K
C. krusei (1.41) IN ©000) (0.70) (141) (141) N IN IN
20b 12fg 10jk  81Im
C. glabrata G IN N S A P IN IN IN
. 23a 14fg  13gh 1§ 9k 9Kl 7m
C. parapsilosis (4 70) IN 000) (0.70) (0.70) (0.00) (0.00) (1.41) N

According to Duncan multiple range test, the different letters that follow the inhibition zone diameters indicate significant differences in

probability (0.01).
IN= inactive (Inhibition zone diameter= zero)

the active substances of the extract and preventing
them from reaching the target locations (Lafleur et al.,
2006; Nett et al., 2007).

Other research results are consistent with what was
obtained in this research and related to the effect of the
Achillea millefolium extract, such as the findings of Ri-
beiro et al. (2010). Their results showed that the oils of
Achillea millefolium had a moderated effect on Candida
albicans, C. glabrata, and C. tropicalis. The results of
Grigore et al. (2020) demonstrated that the extract of
ethanol of the Achillea millefolium did not have an anti-
fungal impact on Candida albicans ATCC10231 growth.
Also, the results of the current research related to the
effect of the alcoholic extract made from senna plant
leaves agreed with (Ibrahim and Osman, 1995), who
claimed that a senna ethanolic extract had strong anti-
fungal efficacy against dermatophytes, while disagree-
ing with the results of Rizwana et al., (2021), who re-
ported that the human pathogenic Candida species
were resistant to all of Senna alexandrina leaves ex-
tracts.

The values of the inhibition halos were achieved using
high concentrations of the plant's alcoholic flower ex-
tract against the species of yeasts under test, especial-
ly the concentration 200 mg/ mL, which ranged be-
tween 13 and 22 mm also, the values of inhibition
zones achieved using high concentrations of alcoholic
extract of Senna alexandrina leaves against Candida
species under study, especially the concentration 200
mg/ mL which ranged between 12 and 18 mm are close
to the values achieved using the antifungal nystatin,
which ranged between 18 and 23 mm. This matter en-
hances the possibility of using A. millefolium flowers
and S. alexandrina leaves as a novel antifungals after
conducting more studies related to the detect the pure

Each diameter refers to the mean of two replicates The numbers in brackets refer to the standard deviation values

active substances of these plants, which may be ap-
plied in the management of infectious disorders brought
on by harmful organisms.

In a related investigation, the alcoholic extract of these
two plants was utilized to stop the growth of the fungus
Rhizoctonia solani, which was isolated from rice plant
seeds, which caused its damage and death. Concen-
trations of 5, 10, 15, and 20 mg/mL of the culture medi-
um were used, and they observed a high inhibition in
the growth of the fungus, as it inhibited 100 percent and
no growth of the fungus was recorded at all concentra-
tions, starting from the minimum concentration (5 mg/
mL) up to the maximum concentration (20 mg/mL), for
both plants. This demonstrates that some substances
effectively prevent the growth of this fungus and the
other fungi under study in the two extracts. These are
good results that indicate the possibility of using the
two plants or their waste or extracts to help in sterilizing
soil from pathogenic fungi, especially the fungus Rhi-
zoctonia solani, which causes the wilting and death of
most field crops and other plants that are important
economically and globally (Al-Rijabo and Mahmood,
2013).

Conclusion

From the previous results, we note that the alcoholic
extracts of the two plants have a clear inhibitory effect
on the growth of all the filamentous fungi and yeasts
under study due to their effective compounds that may
inhibit cell wall formation or prevent the production of
compounds important for the activity and vitality of the
fungal cell, such as the production of proteins and their
vitality or ergosterol, chitin, or beta-glucan, and other
important compounds in the maintenance and activity
of the fungal cell, especially there is variation in the
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proportions of some compounds present in the fungal
cell walls, which are more targeted than the rest of the
vital compounds of the fungal cell. Antifungals target
them due to their difference in composition from the
animal cell; thus, the harmful effect is reduced. These
antibodies are resistant to animal cells, whether human
or animal.
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