Received: 08 July 2023, Accepted: 28 August 2023

Original Research

Journal of Advanced Veterinary Research
(R023) Volume 13, Issue 8, 1583- 1587

Antifungal Effect of Some Natural Substances on Fluconazole-resistant
Candida species Recovered from Mastitis

Ismail A.R. Raheel, Walid H. Hassan, Hala S.H. Salam, Ahmed H. Abed,

Shaaban S.R. Salem*

Department of Bacteriology, Mycology and
Immunology, Faculty of Veterinary Medicine,
Beni-Suef University, Beni-Suef, 62511, Egypt.

*Correspondence

Abstract

A wide range of essential plant oils and extracts have been shown to be fungal inhibitors and could provide
attempting alternative for treating animal infections. The current study screened the in-vitro antifungal prop-
erties of propolis in addition to Eucalyptus and Moringa essential oils on some fluconazole-resistant Candida
isolates recovered from cases of bovine and ovine mycotic mastitis through determination of their Minimum
Inhibitory Concentration (MIC) and Minimum Fungicidal Concentration (MFC). Propolis recorded MIC and
MFC ranged from 44 mg/mL to 175 mg/mL and the isolates of C. albicans were the most sensitive. Eucalyptus
was the most effective essential oil with MIC and MFC ranged from 2 mg/mL to 16 mg/mL and was mostly
effective against C. tropicalis, C. albicans and C. kefyr. Regarding Moringa essential oil, the recorded MIC
and MFC ranged from 31.25 mg/mL to 125 mg/mL and the most sensitive isolates were C. tropicalis and C.
kefyr. The molecular characterization of azole-resistance genes revealed that all tested isolates harbored CDR
gene 100%, while MDRI and ERG11 genes were represented as 80% and 40%, respectively. Therefore, the
antifungal effect of propolis and essential oils of Eucalyptus and Moringa against fluconazole-resistant Candi-
da species were highlighted in the current study and can be employed as useful alternatives for the treatment
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INTRODUCTION

Bovine and ovine mastitis is a condition brought on by a wide
range of microorganisms that harms the dairy business severely
financially by reducing milk output and driving up the cost of
treatment and culling (Zaragoza et al., 2011).

Antibiotic therapy without identifying the mastitis-causing
organisms is commonly the first choice of treatment for vet-
erinarian and dairy farmers for diseased animals, accordingly,
cases of mastitis, especially the mycotic one, occurs frequently
(Dworecka-Kaszak et al., 2012).

The type of fungus involved, and its proportion of infectivity
determine how serious mycotic mastitis is (Pachauri et al., 2013).

There are numerous species of yeasts and molds that cause
mycotic mastitis in animals including Candida, Cryptococcus,
Rhodotorula, Aspergillus and Penicillium species that are most-
ly incriminated to be associated with bovine and ovine mycotic
mastitis (Bekele et al.,, 2019).

About 70% of mycotic mastitis occurrences in animals are
produced by Candida species (Spanamberg et al, 2014). The
most common kind of Candida that causes mycotic mastitis in
animals is C. albicans, while other Candida species have also been
involved.

Mycotic mastitis has been treated with a variety of medica-
tions but there have not yet been any trials demonstrating the
effectiveness of any treatment (Roberson and Kalck, 2010).

The endogenous fungal flora has been repressed in recent
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years by increased use of antifungal drugs, and more resistant
strains have been reported as a result of the reduction of the
susceptible strains. In addition, some Candida species are in-
nately resistant to specific antifungals, such as intrinsic fluco-
nazole-resistance in Candida krusei (Sonmez and Erbas, 2017).
Therefore, due to the limitations when treating fungus infections,
such as high costs, side effects, shortages, and drug resistance
or reduced susceptibility to the antifungal medications, scientists
have been asked to pay more attention to conventional medicine
than antifungal drugs (Bakr et al., 2015).

Propolis possesses several beneficial biological qualities, in-
cluding antioxidant activities, antibacterial, anti-inflammatory,
anti-cancer, and antifungal capabilities. It also contains compo-
nents used in food, natural products, and pharmaceuticals (Ka-
logeropoulos et al., 2009). Also, propolis and its extract can be
used as natural preservatives in dairy products to prevent fungal
development.

It has been demonstrated that a variety of essential plant oils
and aqueous plant extracts are fungal inhibitors, and thus can
present attempting alternative for avoiding the contamination of
foods with aflatoxins (Ponzilacqua et al., 2018).

Essential plant oils have little possibility in the emergence of
antimicrobial resistance, in addition to not being harmful; there-
fore, they are categorized as GRAS (generally recognized as safe)
by the United States Food and Drug Administration (Cardile et
al, 2009). They act through denaturing the spore-germinating
enzymes and interfering with essential amino acids, resulting in
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damage to the fungal enzymatic system by lowering the produc-
tion of proteins and structural components in fungal cells (Basak
and Guha, 2018).

Along with being powerful inhibitors of A. flavus growth, Eu-
calyptus and other plant essential oils also decrease the synthesis
of aflatoxins (Kim et al., 2018).

The medical properties of Moringa oleifera include anti-in-
flammatory, anti-ulcerative, antioxidant, antifungal and anti-
bacterial effects that led to widespread use of Moringa for the
treatment of various diseases (Mehta et al., 2003). Moringa has
been applied for its antibacterial properties; it has also been used
for bioenhancement and as nanoparticles in medication delivery
(Arora et al,, 2013).

Hence, the current research designed to identify the in-vitro
antifungal properties of propolis in addition to Eucalyptus and
Moringa essential oils on fluconazole-resistant Candida isolates
recovered from cases of bovine and ovine mycotic mastitis.

MATERIALS AND METHODS

Ethics approval and consent to participate

All animal sampling and handling for isolation of tested yeasts
were ethically treated according to the Institutional Animal Care
and Use Committee of Cairo University (CU-IACUC) and they ap-
proved this study with approval number (Vet CU 01122022580).

Animals

A total of 250 animals including 120 cows and 130 sheep and
goats in different farms and villages in Beni-Suef and Fayoum
provinces were used for milk collection during the period from
January to October 2021.

Diagnosis of mastitis

The diagnosis of mycotic mastitis was based on the signs of
mastitis (including swelling of the udder and changes in the color
as well as the consistency of milk) and California Mastitis Test.

Yeast isolates

Fourty nine Candida isolates were recovered from 250 milk
samples collected from cows, ewes and does that were suffered
from mastitis and not responding to antibiotic therapy, all isolates
were tested for fluconazole susceptibility through disc diffusion
method (Wayne, 2020) Table 1. Out of them, 20 fluconazole-resis-
tant Candida isolates including 5 C. tropicalis, 5 C. guilliermondi,
4 C. parapsilosis, 3 C. albicans and 3 C. kefyr were used in the
present study. They were identified morphologically by micro-
scopic observations of Gram stained smears, colony morphology
on Sabouraud’s Dextrose Agar (SDA), germ tubes formation in
human serum and chlamydospores production on rice agar me-
dium as well as biochemical identification through sugar assimi-
lation and fermentation reactions (Pincus et al., 2007).

Propolis and essential oils

Propolis 70% (Sigma Aldrich) as well as the crude essential
oils of Eucalyptus and Moringa oleifera (MULTIPHARMA co. for
veterinary and agricultural development) were used for detection
of their Minimum Inhibitory Concentrations (MIC) and Minimum
Fungicidal Concentrations (MFC) through the microdilution tech-
nique, where it is a more sensitive method. The essential oils were
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dissolved in DMSO to prepare stock concentrations of 250 mg/
mL (Palmeira-de-Oliveira et al., 2009).

Table 1. Number of different yeasts recovered from each animal species.

Strain Ovine Bovine Total
C. guilliermondii 14 4 18
C. parapsilosis 14 2 16
C. tropicalis 4 3 7
C. albicans 1 3

C. kefyr 2 2

Determination of MIC of propolis and essential oils (Eucalyptus and
Moringa) against Candida isolates

Following the guidelines of the M60 methodology, propo-
lis and essential oils were tested for their antifungal activity on
Candida isolates to determine their MIC and MFC (Wayne, 2020).

The inoculum, which contained 5x10° CFU/mL, was made in
saline solution. The inoculum was standardized at 2.5x10° CFU/
mL by serial dilution. One hundred pl of Sabouraud’s Dextrose
Broth (SDB) (Oxoid) were spread evenly throughout the wells of a
sterile microplate. 100 pl of propolis and the initial concentration
of the essential oils were added to the first column, and then
propolis and essential oils were serially microdiluted. Ten pl of
the adjusted inoculum was added following the dilution process,
resulting in the following groups:

Positive control group: SDB and inoculum, for observation of
yeast growth.

Negative control group: SDB and propolis or the essential oil
for observation of possible contaminations in the microdilution.

Test group: propolis (initial concentration 350 mg/mL), essential
oil (initial concentration 250 mg/mL) in addition to SDB and the
adjusted inoculum.

The microplates were incubated at 25°C for 48 h and then vi-
sual reading was performed, through detection of the concentra-
tion that completely prevented a visible yeast growth. The tests
were performed in triplicate.

Determination of MFC of propolis and essential oils (Eucalyptus
and Moringa) against Candida isolates

The 96 wells were homogenized by pipette then 10 pl was
inoculated onto Sabouraud'’s Dextrose Agar (SDA) (Oxoid) plates
followed by incubation at 25°C for 48 h, formerly the lowest con-
centrations of propolis and essential oils that didn't allow the
growth of any yeast colony on SDA were determined and consid-
ered as MFC. The tests were performed in triplicate.

Polymerase Chain Reaction (PCR) for detection of fluconazole-re-
sistance genes of Candida isolates

Five Candida isolates considered as mostly associated with
bovine and ovine mycotic mastitis including 3 C. albicans and 2
C. tropicalis were selected for molecular characterization by PCR
for detection of 3 fluconazole-resistance genes (CDR, MDRT and
ERGTT). Primers sequences, amplified products and annealing
temperatures for the targeted genes were illustrated in Table 2.
The Candida field isolate that tested positive in the RLQP (Ref-
erence laboratory for veterinary quality control on poultry pro-
duction, Dokki, Giza, Egypt) provided the positive control DNA.
As a negative control, a PCR mixture without the DNA template
was used.
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Table 2. Primers used for amplification of fluconazole-resistance genes.

Gene Sequence Temp. Product Reference

F  GTGGTGTTTCCGGTGGTGAAAGAAA .
CDR R CCTGGTGTTGGATCGTTCACATTCA 7C 303 bp

Henry et al. (2000)

MDRI F GAGTCGTAGCTACATTGCCATTAACA 52°C 500 b

R GGTGATTTCTAATGGTCTCCATAATGT P

F CAAGAAGATCATAACTCAAT .
ERG1I R AGAACACTGAATCGAAAG 53°C 1641 bp Wang et al. (2015)

CDR: Candida drug resistance; MDR: Multi-drug resistance; ERG: Ergosterol

RESULTS

MIC of propolis and essential oils (Eucalyptus and Moringa) against
Candida isolates

Propolis and essential oils showed inhibitory activities on
tested Candida isolates.

Propolis recorded a MIC of 44-87.5 mg/mL for C. albicans
followed by 87.5 mg/mL for C. guilliermondii and C. kefyr and
87.5-175 mg/mL for C. tropicalis and C. parapsilosis.

Concerning Eucalyptus, it was the most effective essential oil
with a MIC of 2-3.9 mg/mL for C. albicans and C. kefyr followed
by 2-7.8, 3.9-7.8 and 3.9-16 mg/mL for C. tropicalis, C. parapsilo-
sis and C. guilliermondii, respectively.

Regarding Moringa essential oil, it showed a MIC of 31.25-
62.5 mg/mL for C. tropicalis and C. kefyr followed by 31.25-125
mg/mL for C. parapsilosis and 62.5-125 mg/mL for C. albicans
and C. guilliermondii.

MIC and MFC ranges of propolis, and essential oils were rep-
resented in Table 3.

MFC of propolis and essential oils (Eucalyptus and Moringa)
against Candida isolates

Propolis revealed a MFC of 44-87.5 mg/mL for C. albicans fol-
lowed by 87.5 mg/mL for C. kefyr, 87.5-175 mg/mL for C. guillier-
mondii, 175 mg/mL for C. parapsilosis and 87.5-350 mg/mL for
C. tropicalis.

Eucalyptus essential oil demonstrated fungicidal activity
against tested Candida isolates with a MFC of 2-7.8 mg/mL for
C. tropicalis followed by 3.9-7.8 mg/mL for C. albicans and C. ke-
fyr, 3.9-16 mg/mL for C. guilliermondii and 7.8-16 mg/mL for C.
parapsilosis.

Concerning Moringa essential oil, it showed a MFC of 31.25-
125 mg/mL for C. parapsilosis and 62.5-125 mg/mL for other
tested Candida isolates as shown in Table 3.

Fluconazole-resistance genes of Candida isolates

All tested isolates including 3 C. albicans and 2 C. tropicalis

Table 3. The visual reading results of MIC and MFC of Candida isolates (mg/mL).

harbored CDR gene 100%, while 4 isolates 80% (2 C. albicans and
2 C. tropicalis) harbored MDR1 gene and 2 isolates 40% (One C.
albicans and one C. tropicalis) were positive for ERGTT gene as
shown in Table 4 and Figs 1 and 2.

503 bp
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Fig. 1. PCR amplification of the CDR and MDRI genes at 503 bp and 590 bp,
respectively. On the right side, lanes (1-5) showed positive amplification of CDR
gene. On the left side, lanes (1, 2, 4, and 5) showed positive amplification of
MDRI gene. L = 100-bp DNA molecular size ladder; P = Positive control; N =
Negative control.
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Fig. 2. PCR amplification of the ERG 1] gene at 1641 bp. Lanes (2 and 4) showed
positive amplification of ERG 1/ gene. L = 100-bp DNA molecular size ladder; P
= Positive control; N = Negative control.

Propolis Eucalyptus Moringa
Isolate
MIC MEC MIC MEC MIC MFC

C. albicans 44-87.5 44-87.5 2-3.9 3.9-7.8 62.5-125 62.5-125
C. tropicalis 87.5-175 87.5-350 2-7.8 2-7.8 31.25-62.5 62.5-125
C. guilliermondii 87.5 87.5-175 3.9-16 3.9-16 62.5-125 62.5-125
C. parapsilosis 87.5-175 175 3.9-7.8 7.8-16 31.25-125 31.25-125
C. kefyr 87.5 87.5 2-3.9 3.9-7.8 31.25-62.5 62.5-125

MIC: Minimum Inhibitory Concentration; MFC: Minimum Fungicidal Concentration.
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Table 4. Fluconazole-resistance genes of Candida isolates.

Gene 1 2 3 4 5 (%)
CDR + + + + + 100
MDRI + + - + + 80
ERGI1 - + - + - 40

1, 2, 3: C. albicans; 4,5: C. tropicalis; CDR: Candida drug resistance; MDR: Multi-drug
resistance; ERG: Ergosterol.

DISCUSSION

Mycotic mastitis is mostly prevented and treated with antibi-
otics, however the rising antimicrobial resistance of microorgan-
isms as well as antimicrobial residues in milk and the environ-
ment, could influence the effectiveness of traditional medications
and constitute a risk to human health. Consequently, the use of
natural substances as propolis, plant extracts, and essential oils
may also prove to be effective treatments for the management
of bovine and ovine mastitis (Lopes et al., 2020).

Chemical compounds found in medicinal plants have bio-
logical qualities that are thought to be beneficial to human and
animal health (Paz et al., 2018), where all plants produce primary
metabolites as carbohydrates, fatty acids, amino acids and or-
ganic acids that exert essential functions for their survival (Tian
et al, 2018). They also create secondary metabolites, usually in
lower concentrations, that are important for the plant’s defenses
and protect it from the majority of herbivores and microbes. The
generic methods described by Pandey and Tripathi (2014) can be
applied to acquire these metabolites, which could then be used
to make preparations with different compositions and consisten-
cies (Gouvea et al., 2017).

In this study, the data showed the antifungal activities of
propolis and the tested essential oils against all tested Candida
isolates.

The target of propolis action in fungal cells is the cell mem-
brane, besides the induction of cell death. Additionally, propolis
extract inhibits extracellular phospholipase activity, which reduc-
es the adherence of fungal cells to epithelium. Now, it has been
observed that propolis may influence the formation and integrity
of the cell wall of fungi and can inhibit the morphological trans-
formation of C. albicans. Furthermore, it has been declared that
propolis inhibited filamentation and germination of yeasts and
increased production of the superoxide anion radical. Propolis
extract not only had an anti-biofilm impact but also had inhibi-
tory effects on the growth and decreased the metabolism of C.
albicans within the biofilms (Ozarowski et al., 2022).

In the current study, propolis recorded an inhibitory activ-
ity of up to '44 mg/mL’, as well as other inhibitory concentra-
tions ranged from '87.5 mg/mL’ to ‘175 mg/mL’. Kousedghi et al.
(2012) reported lowest MIC results of ‘8 mg/mL" and MFC of 16
mg/mL’ for C. albicans, but they recorded similar results of MIC
(64 mg/mL) and MBC (128 mg/mL) for Enterococcus faecalis.

The antifungal effect of Eucalyptus essential oil is related to
its contents of eucalyptol (1,8-cineole) (Kim et al, 2018). Lugman
et al. (2008) presumed the mechanisms of action of Eucalyptus oil
as either, cell wall damage, cytoplasmic membrane disturbances,
leak of cell contents, damage to membrane proteins and active
transport or cell contents coagulation.

Our results showed that the Eucalyptus essential oil was more
active towards the tested Candida isolates that is in agreement
with previously issued reports (Ahmad and Beg, 2001; Ramezani
et al,, 2002; Wilkinson and Cavanagh, 2005).

In this study, Eucalyptus essential oil had an inhibitory activity
of 2 mg/mL that agreed with that of Barbosa et al.(2018), where
they recorded MIC and MFC of 2 mg/mL for C. albicans. Mean-
while, Agarwal et al. (2010) recorded a lower MIC of 0.05 pg/mL
for C. albicans.

Other recorded inhibitory concentrations of Eucalyptus es-
sential oil in this study were ranged from 3.9 mg/mL to 16 mg/
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mL that approved with the results of Lugman et al. (2008), where
they recorded MIC of 5 mg/mL against C. albicans.

The majority of the microorganisms that are suspended
during the water purification process are removed by 4-a-rham-
nosyloxybenzyl isothiocyanate, also known as glucosidal mustard
oil, which is contained in Moringa extracts (Eilert et al, 1981),
moreover Moringa essential oils exhibit antifungal activity against
Trichophyton rubrum, T. mentagrophytes, Epidermophyton floccos-
um, and Microsporum canis (Chuang et al., 2007). Also, both etha-
nolic and aqueous extracts of Moringa recorded activities against
Saccharomyces cerevisiae and C. tropicalis (Patel et al., 2014).

In our study, the essential oil of Moringa recorded inhibitory
activities against the tested isolates with a lower inhibitory ac-
tivity of 31.25 mg/mL; other recorded inhibitory concentrations
ranged from 62.5 mg/mL to 125 mg/mL. Similar results were re-
corded by Sahar et al. (2015) against Streptococcus pyogens with
MIC of 125 mg/mL and methicillin-resistant Staphylococcus au-
reus (MRSA) and Staphylococcus epidermidis with MIC of 62.5-125
mg/mL. Other studies reported lower concentrations of MIC as
Rocha et al. (2014) recorded MIC of 2.5 mg/mL.

Candida drug resistance gene (CDR) and multidrug resistance
gene (MDRT) are responsible for coding of the efflux pumps in
fluconazole-resistant Candida (Khosravi Rad et al, 2017). In
the current study, CDR gene was detected in all tested isolates
(100%), while MDRT gene was detected in 4 out of the selected
5 isolates (80%), similar results were recorded by Khosravi Rad et
al. (2017).

A crucial enzyme in the process of ergosterol production
known as lanosterol 14a demethylase is inhibited by azoles as
they enter the yeast cells through enhanced diffusion. Since er-
gosterol is a key sterol in fungal membranes and is essential for
both the fluidity and integrity of cell membranes as well as fun-
gal cell development and proliferation. Enzyme inhibition results
in both ergosterol depletion and the generation of a hazardous
methylated sterol. As a result, the functions of the membrane
are compromised (Monapathi et al., 2018). In our study, 40% of
Candida isolates were positive for ERGT7 gene that agreed with
the results of Mohamed et al. (2022) meaning that the ERGT1
gene is not present in all azole-resistant Candida isolates. Mean-
while a higher result of 68.1% was detected by Diba et al. (2020).
In summary, propolis, together with Eucalyptus and Moringa es-
sential oils recorded different antifungal activities against fluco-
nazole-resistant Candida species, demonstrating that after fur-
ther in vivo studies they can be employed as effective alternatives
in the treatment of bovine and ovine mycotic mastitis.

CONCLUSION

The current study emphasized the in vitro antifungal effect
of propolis as well as essential oils of Eucalyptus and Moringa on
fluconazole-resistant Candida species revealing that after further
in vivo studies, they can be used as effective alternatives in the
management of bovine and ovine mycotic mastitis.
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