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Abstract

Apple vinegar has many uses that include burn and wound healing and as an
antimicrobial agent against different microorganisms, but not as a solvent.
Therefore, this study aimed to use commercial apple vinegar as solvent to the plants
of roselle (Hibiscus sabdariffa), green tea (Camellia sinensis), and clove (Syzygium
aromaticum). The effects of apple-vinegar extracts of these plants were compared
with those of aqueous and ethanolic extracts against biofilm formation by Candida
genus. Clove vinegar extract demonstrated antibiofilm activity against C. albicans,
alone (2.4907+ 0.382) or in combination with the antifungal agents fluconazole
(1.689£0.33), nystatine (1.941+0.64), and clotrimazole (2.0353+0.71819). These
plant extracts possessed a variable number of antimicrobial compounds, as tested by
the HLPC technique. Therefore, apple vinegar was the most efficient solvent, in
comparison with the other solvents used in this study, to obtain some phytochemical
compounds from the tested plants that have antibiofilm activity against C. albicans.

Keywords: Antibiofilm activity; antifungal agents; C. albicans; apple vinegar.

daddiucal) UL ary QadAial B LY Jeatll g slall A5jlie culeS ) JA 5olis
Ciliapall (ggall elial) (385 M

Lﬁdt@i‘d&d)ﬁu‘sd@&hbﬁ‘hﬁcéﬁhﬂ#&&@c%héb&uh&c\)lﬂ;@s-\ﬂéﬁs‘gﬁlﬁ\u

wo

-]

Ghal) 33t el caslall IS (glall (phliall Aunglpldl Slas) any

adal)
oSl A dujgae sbal aa Jlad sliaas By ally zosall Sl 8 sayse cilasial #lal) Jal
Cihal Al ol (il sl Sl 3 ahadiad ) duball ciae Gl cuieS
Syzygium ) Judls (Camellia  sinensis) adyl s\l (Hibiscus  sabdariffa)
OsSall (goanll eliall aa il o3¢l Jgiti¥ly Sl Galiiudl ae aiillad 43)\ae5 «(@romaticum
Gl eliall oSl Balias dille Adlad Jaijally ~ il J& paldius elal . Candida soall J8 o
(1.689 £ 0.33) Js3lsSshs sihill cloliae e ol (2.4907% 0.382) snjier jiledll o3¢l
e e Glaldied) sda dbiay (2.0353+ 0.71819) JgilasisS (1.941+0.64) (it

*Email: sinaiwaleed47@uobaghdad.edu.iq
1829



Mohammed et al. Iragi Journal of Science, 2021, Vol. 62, No. 6, pp: 1829-1835

I3 ey Gl ) ol il i) Ll sile S 4 Lehelal LeS Ajgad) eln U saliadl) <S5l
Baliae Adled i Ally B8l @blal) e Aba)) Sl Gan e Jpaanll s Lude 2Ll
Apall s3a & Landional) gAY Slulall ae 4ilie dic C. albicans Al gaall cLasl) o<l
Introduction
Biofilms are sessile microbial cell populations composed of exopolysaccharide, proteins, and DNA.
Biofilms provide nutrients and stable adherence to the cells, along with their roles in conferring
resistance to host immune responses and acting as a barrier to treatment with antimicrobial agents [1].
Therefore, biofilm formation on biotic and abiotic surfaces is associated with high rates of morbidity
and mortality among hospitalized patients [2]. Candida species are the most popular human
pathogenic fungi and can infect various locations in the body, causing severe morbidity worldwide due
to their colonization of medical devices, such as catheters, by forming biofilms [3,4]. The formation of
biofilms is one of the important virulence factors of Candida species, via limiting the penetration of
antifungal agents through the matrix and protecting cells from immune responses of the host [5].
Resistance to many antifungal drugs has led to the need to finding new therapies for medicinal uses
[6]. Therefore, several studies supported the use of medical and traditional plants which possess good
antifungal compounds that can be used for the treatment of fungal disease [7,8]. In addition, many
studies used different solvents, such as ethanol methanol, hexane, acetone, chloroform, distilled water,
and ethyl acetate, for the extraction of bioactive components from plants that show antifungal
activities [9-12]. A previous study found that clove extract has the ability to destroy cell walls and
membranes or enter the cells to inhibit DNA and proteins synthesis. Also, it could inhibit the
production of some enzymes in the microorganisms [13]. Other studies found that roselle had the
strongest antibacterial activity among other plants extracts. In addition, green tea revealed remarkable
antifungal activities against Candida albicans and Cryptococcus neoformans [12,14]. Apple vinegar
has been used for burn and wound healing and as an antimicrobial agent against different
microorganisms [15-18], but not as a solvent. Therefore, more studies are needed to study the effects
of vinegar plant extract on mature biofilm formation of Candida spp. and, hence, this research was
conducted.
Materials and Methods
Isolation and identification of Candida species
Nineteen clinical isolates of Candida strains, including twelve C. albicans, six C. krusei, and one C.
tropicalis were obtained from mouth swabs of tuberculosis patients attending Al- Yarmouk teaching
hospital during the period from September 2018 to January 2019. The swabs were streaked directly on
Sabouraud dextrose agar and incubated at 37°C for 72 hrs. The yeasts were identified according to
their morphology and chemical characters [19].
Fungal susceptibility testing
The disk diffusion method on PDA agar was used to study the susceptibility of Candida isolates
against three antifungal disks, namely fluconazole (Flu 10 pg), clotrimazole (Clo10 pg), and nystatin
(Nys 10 pg) disks, according to a previously described method mentioned [20].
Extracts preparation
Roselle, green tea, and Clove were purchased from local markets. Aqueous, ethanolic, and apple
vinegar extracts of these plants were prepared according to an earlier mentioned method [21]. The
final concentration for all extracts was 50mg/ml.
Antifungal agent solution preparation
Stock solutions of the antifungal agents of nystatine, fluconazole, and clotrimazole were prepared
by dissolving 50 mg of the antifungal agent in 1ml of sterile distilled water [22].
Detection of biofilm formation
Biofilm formation was detected by using the microtiter plate assay [23] with some modifications.
Candida isolates were grown in brain heart broth and incubated at 37 °C for 48 hrs. The broth cultures
were diluted to 1/100 by adding 10 ul of yeast suspension to 1000 ul of brain heart broth with 0.1 %
glucose. Of this suspension, 200 ul was added into each well of a sterile 96-well. The control column
was filled only with brain heart broth, then all plates were incubated for 72 hrs at 37 °C. The
supernatant was discarded and the microtiter plates were washed for three times with distilled water to
remove the plankton cells and left to dry for 15 minutes at room temperature. After that, 200ul of
crystal violet (0.1%) was added in each well and left for 20 min. Then, the stain was washed three
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times by distilled water and the plates were left to dry. In the last step, 200ul of ethanol was added to
the plates which were left for 10 min and read for their optical density values by using an ELIZA
reader at 630nm.

Antibiofilm detection

The antibiofilm activities of plant extracts and antifungal agents were studied on mature biofilms by
adding 50 mg of plant extracts or antifungal agents (100ul) in each well as triplicate. Then, the plate
was incubated at 37°C for 72 hrs. After that, all the remaining steps of the reference method were
followed [24].

Phytochemical screening by high performance liquid chromatography (HPLC)

One mg of powdered agueous, ethanolic, and vinegar extracts of clove, roselle, and green tea were
dissolved in one ml of methanol to obtain 1mg/ml and then the solutions were filtered by a Millipore
filter (0.45um) for sterilization. The standards were prepared by dissolving 1 mg of each standard
stock in 1ml of methanol and sterilized by filtering through a Millipore filter (0.45 pm) before being
subjected to the HPLC analysis according to a previously described method mentioned [25].
Statistical analysis

The data were given as mean + standard deviation (n=3) and analyzed by using the analysis of
variance (ANOVA) test performed with GraphPad Prism version 8.0.0 for Windows [26]

Results and Discussion

The results of biofilm production revealed that, from nineteen Candida spp. isolates, there were
two isolates that gave strong biofilm production, which are C. albicans (C5) (2.850+ 0.077) and C.
krusei (K6) (0.712+ 0.124). Also, two isolates showed moderate biofilm production, namely those of
C. krusei (K3) (0.241+ 0.087) and C. krusei (K4) (0.487x 0.285), while fifteen isolates showed weak
production of biofilm, as shown in Figure-1. According to these results, the C5 isolate was selected for
further experiments in this study, since it gave the highest productivity and appeared to have resistance
to all antifungal disks (Flu, Clo, and Nys), as shown in Table-1. This finding agrees with that
previously reported [21]. C. albicans is a human pathogen that has several virulence factors, such as
adhesion, proteinases secretion, biofilm formation, hyphal formation, and phenotypic switching.
Therefore, it can colonize different body sites including the skin, oral cavity, gastrointestinal tract, and
vagina [22,23].
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Figure 1- Biofilm detection of Candida isolates (C1-C12: C. albicans, K1-k6: C. krusei, T1: C.
tropicalis; ****: P<0.0001).

1831



Mohammed et al. Iragi Journal of Science, 2021, Vol. 62, No. 6, pp: 1829-1835

Table 1- Antifungal sensitivity patterns of Candida isolates.

. ) C.
Antifungal C. albicans C. krusei tropicalis
YR 12345678931121234561
Clotrimazole | p '\ p IR |R|R|1 |R|1 |1 ]s |1 |R|[R|II|S|1]|R|S]|S
(10pg)

Nystatine

ooy RIRIRIT|R|Is|1]1|R|s|s |R|I|IR|s|sS|R|s]|s
'(legﬁ)gr;amleRRRRRRRRRSRRRISRRSS
*S: sensitive, R: resistance, |: intermediate

Figure-2 shows the effects of aqueous, ethanolic, and apple vinegar extracts of the following plants:
H. sabdariffa (Roselle), C. sinensis (Green tea) and S. aromaticum (Clove) on mature C. albicans
biofilm. The results revealed that apple vinegar extract of clove (2.4907+ 0.382) has significant effects
against C. albicans biofilm when compared with control group (untreated) (2.85+ 0.138) and other
extracts. There was no significant difference between plant extracts against C. albicans as compared to
the control (untreated). Table-2 shows that B-Caryophyllene and p-cymene were the major compounds
in all extracts. These compounds have antibiofilm activity against C. albicans due to their synergistic
actions [26-30].
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Figure 2- Antibiofilm formation effects of plant extracts against C. albicans as compared to the
control (untreated). (R: roselle, C: clove, G: green tea, E: ethanol, A: aqueous, V: vinegar, ns: non-
significant).

Table 2- Phytochemical screening of the components of roselle, clove and green tea extracts by
HPLC.

No. | Components Roselle Clove Green tea

A* E* V* | A E \ A E \Y
1 a-pinene 0.027 | 0.003 | 8.94 | 0.8 002 |115 |143 |041 |1.04
2 p-Caryophyllene | 48.71 | 14.28 | 1.35 | 456 | 27.54 | 245 | 30.02 | 10.67 | 11.09
3 chamazulene ND 001 [01 |[ND ND ND ND ND 1.85
4 p-cymene 73.88 |16.1 |ND [3892 | 451 |26.35|17.03 1046 |0.76
5 a-bisabdoxide A | ND ND ND | ND ND ND 191 | ND ND
6 Limonene 0.001 | ND 0.03 |1.16 | ND 0.013 | 0.01 |0.01 |0.002
7 Emodin ND ND 0.01 | ND ND ND 0.001 | ND 0.001
*A: aqueous extract, E: ethanolic extract, V: Vinegar extract, (ND): not detected

Based on the abovementioned results, apple vinegar extract of clove was selected to study the
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combined effects with antifungal agents (Nystatin, Fluconazole, Clotrimazole), as shown in Figure -3.
The results revealed that the mixture of clove apple vinegar extract+fluconazole (CVF) (v/v) (1.69
0.33) was more effective than the mixture of clove apple vinegar extract+nystatin (CVN) (1.94+0.64),
clove apple vinegar extract+clotrimazole mixture (CVC) (2.04+ 0.72), and the control (2.85 + 0.14)
against C. albicans biofilm formation. There was a significant difference between the control and
antifungal agents alone and between the control and CVF (P<0.05), whereas no significant difference
was seen between the control and the other mixtures (CVC and CVN).
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Figure 3- Effects of apple vinegar extract of Clove (Syzygium aromaticum) and antifungal agents (500
pg/ml) on C. albicans biofilm compared to the control. (CVC: clove vinegar extract + Clotrimazole,
CVF: Clove vinegar extract + Fluconazole, CVN: Clove vinegar extract + Nystatin;, *: P<0.05, **:
P<0.01, ***: P< 0.001, ****: P<0.0001, ns: non-significant).

Antimicrobial resistance is a critical problem in fungal and bacterial infections, so that research in
new antimicrobial drugs and targets is needed. Also, combination therapy could increase the activity
of antimicrobial drugs against different fungal and bacterial infections [31-33]. Therefore, many
researchers studied the effects of various traditional and medicinal plant extracts on most pathogenic
microorganisms that cause different diseases in the human population [34-36]. In addition, due to the
non-toxic effects of these medicinal plants to human cells, they can be used as a new treatment method
to fungal infections [37].

Conclusions

The results found that apple vinegar was the most efficient solvent to obtain some phytochemical
compounds from the tested plants that have antibiofilm activity against C. albicans in comparison with
other solvents used in this study. However, more studies are required to verify other bioactive
compounds that can be extracted from medicinal plants by using apple vinegar as a solvent to inhibit
the biofilm formation of pathogenic microorganisms.
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