


ANTIFUNGAL AND ANTIMICROBIAL ACTIVITIES OF ALLIUM CEPA (ONION), ALLIUM SATIVUM (GARLIC) AND ZINGIBER OFFICINALE (GINGER) ON CANDIDA ALBICANS

Abstract
The frequency of life-threatening infections caused by pathogenic microorganisms has increased worldwide. This has become an important cause of morbidity and mortality in immuno compromised patients in developing countries. Although a large number of antimicrobial agents have been discovered, pathogenic microorganisms are constantly developing resistance to these agents (Azeneetal.,2021), hence the need for medicinal plant remedies. Allium cepa (Onion), Allium sativum (Garlic) and Zingiber officinale (Ginger) have been playing a vital role on the health and healing of man since human civilization.
[bookmark: _GoBack]The secondary metabolites present in Alliumcepa (Onion), Alliumsativum (Garlic) and Zingiber officinale (Ginger) were detected. The in vitro antioxidant activities of the plant extracts was determined using FRAP, DPPH and TBARS models, the antifungal activities and the minimal inhibitory concentration of individual and combined plant extracts and their fractions using standard methods was assessed, the combined plant extracts with highest activity was also determined using a 2:2mg/ml ratio against the test drug fluconazole.
The secondary metabolites detected were tannins, reducing sugars, phenols, saponins, terpenoids, steroids, alkaloids and anthraquinones in both the aqueous and methanol extracts. However, flavonoids were absent in both aqueous and methanol extracts of Allium cepa, anthraquinones were absent in aqueous extract of Allium cepa and aqueous extracts of Zingiber officinale, terpenoids were found in the aqueous extracts of Allium cepa while steroids were absent in methanol extracts of Zingiber officinale and aqueous Allium sativum. The antioxidant power of both fractions (F1 and F2) were dose dependent. Significantly higher (p<0.05) antioxidant power was assessed at 100 mg/ml while the least antioxidant power was assessed at the lowest concentration (20mg/ml). No significant (p<0.05) difference was assessed in the antioxidant power of the fraction 1 and ascorbic acid at the concentrations of 20 and 40mg/ml. The fraction 2 significantly (p<0.05) exhibited a high radical scavenging activity at the different concentrations of (40, 60, 80 and 100 mg/ml) compared to ascorbic acid at the same concentrations. Significantly higher (p<0.05) scavenging activity was assessed at the highest concentration of the fraction 2 (100mg/ml) while the lowest activity was assessed at 20mg/ml of fraction 2. No significant (p<0.05) difference was assessed in the antioxidant power of the plant extract and ascorbic acid at the concentrations of 20 mg/ml. The antifungal activity of fraction 2 exhibited a positive effect on the Candida albicans, at highest concentration of 300mg/ml when compared to the fraction 1 and drug control group, while the minimal inhibitory concentration (MIC) of fractions1 and fraction 2 exhibited significant antifungal effect on the Candida albicans at the highest concentration of 300mg/ml when compared with the drug control group. The combined plant extract of Allium sativum and Zingiber officinale had the highest antifungal activity against Candida albicans compared to other extract combinations. The combined antifungal activity was dose dependent with the highest effect assessed at 300mg/ml. The effect was found to be significantly higher (p˂0.05) compared to standard drug fluconazole, the combined Allium cepa and Allium sativum and the combined Allium cepa and Zingiber officinale extracts.
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Introduction
Candidiasis an opportunistic fungus that is capable of inducing acute and chronic infections of the mouth, vagina, lung and gastrointestinal tract with different body reactions such as severe infection, purulent and granulomatous inflammation (Azeneetal., 2021). Candida alb cans are the pathogens that are of much significance which are present everywhere and mostly reside in gastrointestinal tract, skin and vagina. The immune system regularly monitors the Candida and any impairment in the immune system can cause an infection. However, a person with any other serious condition like cancer or HIV whose internal defence system is already much weakened can develop much severe one (Sharanappa and Vidyasagar, 2017).
Vaginal candidiasis has adverse effects on the health of affected women. Infertility and sexual problems associated with dissatisfaction are the unfavorable outcomes of the infection (Azhraket al., 2020). About 75% of adult women have at least one episode of vulvo vaginal candidiasis (VVC) during their life, with prevalence of C. albicans in 70–90% (Forcheetal.,2018).
Candida albicans is notorious for causing candidiasis, it can affect the esophagus with the potential of becoming systemic, causing a much more serious condition, a fungemia called candidemia (Carretéetal., 2019). It also causes a variety of infections that range from non-life threatening mucosal candidiasis like vaginal yeast infections, thrush, skin and diaper rash toe that disseminated candidiasis in those with compromised immune systems who have an implantable medical device such as a pacemaker or artificial joint, or who use broad spectrum antibiotics (Singhet al., 2019).
Microbial pathogenicity and other infectious diseases have been controlled by the use of commercially available antimicrobial drugs since decades. Tremendous use of antibiotics has developed multiple drug resistance (MDR) in many fungi pathogens. The increasing drug resistance is the main hindrance in successful treatment of infectious diseases and the control of microbial pathogenicity (Emmanuel et al., 2021). Development of drug resistance in pathogens and increasing interest of consumers for safe food forces researchers to explore new antimicrobial agents. This has given rise to a shift from the prescription of antibiotics to the use of medicinal plants and spices. It is estimated that there are about 250,000 to 500,000 species of plant on earth and relatively small percentage of the mare used as food by both human and other animal species). These plants fall under the natural products which are a major source of new natural drugs and their use as an alternative medicine for treatment of various diseases has been increased in the last few decades. In the Nigerian health care system, the role of plants/herbs as medicines is presently well recognized and nearly all plants are associated with medicinal uses (Anyawu and Okoye, 2017).
Vaginal candidias is caused by Candida albican specie is one of the major health problem in immune-compromised patients in developing countries. Although a large number of antimicrobial agents have been discovered, pathogenic microorganisms are constantly developing resistance to these agents (Sharanappa and Vidyasagar, 2017). However, since many of the available antifungal drugs have undesirable side effects (such as nausea, vomiting, liver dysfunction, cardiac arrhythmias, neuropathy etc.), or are very toxic or the pathogens have developed resistance to these drugs, which has led to its in-effectiveness and have become therefore less successful int therapeutic strategies (Aghazadehetal., 2019), it is therefore necessary to search for more effective and less toxic novel antifungal agents that would overcome these disadvantages coupled with easy accessibility, less or no side effect and low cost.
Materials and methods
Reagents and plant materials
Solvents and chemicals used in the experiment were analytical grade and purchased from Yola, Nigeria. Distilled water was used throughout the experiment. Fresh matured samples of Allium cepa (Onions), Allium sativum (Garlic) and Zingiber officinale (Ginger) plant were purchased from Jimeta market in Adamawa State, Nigeria. They were identified and authenticated in Plant Sciences Department of Modibbo Adama University, Yola.
Preparation and extraction of plant material
The crude extracts of the plant material were prepared using the method described by Das et al., (2010). The fresh onion, garlic and ginger were washed with tap water and rinsed with distil water and allowed to dry. The dried samples were blended using the laboratory blender to imnisience size. The powdered plant samples were weighed and added to different solvent and left for 72 hours. The extracts were filtered with Whatman filter paper, evaporated and stored for further analysis.
Phytohemical analysis
Qualitative phytochemical analysis
The aqueous and methanolic extract of Allium cepa (onion), Allium sativum (garlic) and Zingiber officinale (ginger) were analyzed for the presence of alkaloids, terpenoids, reducing sugars, saponins, tannins, flavonoids, Phlobatannis, steroids, anthraquinone and phenols using the method described by Trease and Evans, (2002).
Quantitative phytochemical analysis
The total alkaloids, total phenols, total flavonoid, and total tannin was carried out according to the method described by Jing-Chungetal., (2007).
Determination of In Vitro antioxidant assay
The quantitative antioxidant activity of the methanol extracts was determined using FRAP assay, DPPH assay and TBARS, carried out according to the method described by Sutharsingh et al., (2011).
Zone of inhibition
The disk diffusion method was used as described by Scorzoniet al., (2007).
RESULTS
Phytochemical constituents of the plant extracts
Phytochemicals present in the methanol and aqueous extracts of Alliumcepa (Onion), Zingiber officinale (Ginger) and Allium sativum (Garlic) were tannins, reducing sugars, phenols, saponins, terpenoid, steroid and alkaloids were found to be present in the aqueous extract of onion, while anthraquinone, flavonoids and terpenoid were found to be absent. In the case of methanol extract of the onion, flavonoids were found to be absent, while tannins, reducing sugars, phenols, saponins, terpenoid, steroid, anthraquinone and alkaloids were all found to be present. In the aqueous extract of ginger; flavonoid, reducing sugars, phenols, saponins, terpenoid, steroids, tannins and alkaloids were all found to be present and anthraquinone was absent. While, flavonoid, reducing sugars, phenols, saponins, terpenoid, anthraquinone and alkaloids were all found to be present in the methanol extract of the ginger except steroids which was found to be absent. In the garlic aqueous extract, steroid was found to be absent. While, phenols, saponins, terpenoid, reducing sugar, anthraquinone and alkaloids were all found to be present in the garlic aqueous extract. Terpenoid was found to be absent in the methanol extract of garlic, while tannins, reducing sugars, phenols, saponins, steroid, tannins, flavonoids and alkaloids were found to be present in the garlic methanol extract.
The quantity of some of the phytochemicals present in the aqueous extract of Allium cepa (Onion), Zingiber officinale (Ginger) and Allium sativum (Garlic) were; alkaloids had the highest amount with a percentage of 4.12±0.04% and reducing sugar was found to be least in quantity with 0.04±0.01% as quantified in Allium cepa extract. In Zingiber officianale extract; Tannins had the highest amount with 6.11±0.03% while steroids had the least amount with 0.06±0.01%. In Allium sativum exract; flavonoids had the highest amount of 7.18±0.03% while reducing sugars had the least amount of 0.05 ± 0.01%.All values are mean ± SEM for 3 determinations.
The quantity of some of the phytochemicals present in the methanol extract of Allium cepa (Onion), Zingiber officinale (Ginger) and Allium sativum (Garlic) were; phenols had the highest amount with a percentage of 6.23 ± 0.21b% and steroids was found to be least in quantity with 0.06±0.02% as quantified in Allium cepa extract. In Zingiber officianale extract; Flavonoids had the highest amount with 8.60±0.23% while Anthraquinone had the least amount with 0.17±0.01%. In the extract of Allium sativum; flavonoids had the highest amount of 6.25±0.01% while reducing sugars had the least amount of 0.08±0.03%.All values are mean ± SEM for 3 determinations.
Antioxidant Potentials of the Plant Extracts
The result of fractions1 and fraction 2 using FRAP, the antioxidant power of fraction1 was found to be dose-dependent. Significantly higher (p<0.05) antioxidant power was observed at100mg/ml while the least antioxidant power was observed at the lowest concentration (20mg/ml) of both the plant extract and ascorbic acid. The ferric reducing antioxidant power (FRAP) of fraction 1 was significantly (p<0.05) higher at 60mg, 80mg and 100mg compared to the antioxidant power of ascorbic acid at the same concentration. No significant (p<0.05) difference was observed in the antioxidant power of fraction 1and ascorbic acid at the concentrations of 20 and 40 mg/ml.
Fraction 2 significantly (p<0.05) exhibited a high radical scavenging activity at the different concentrations of (40, 60, 80 and 100mg/ml) compared to ascorbic acid at the same concentrations.  Significantly higher (p<0.05) scavenging activity was observed at the highest concentration of fraction 2 (100 mg/ml) while the lowest activity was observed at 20mg/ml of fraction 2. No significant (p<0.05) difference was observed in the antioxidant power of the plant extract and ascorbic acid at the concentrations of 20mg/ml. The radical scavenging activity was found to be dose-dependent. All values are mean ± SEM for 3 determinations.
The result of antioxidant activity of fraction 1 and fraction 2 using 2, 2-diphenyl-2-picrylhydrazyl (DPPH), fraction 1 significantly (p<0.05) exhibited a high radical scavenging activity at the different concentrations of (40, 60, 80 and100mg/ml) compared to ascorbic acid at the same concentrations. The radical scavenging activity was also found to be dose-dependent. Significantly higher (p<0.05) radical scavenging activity was observed at the highest concentration of the plant extract (100mg/ml) while the lowest activity was observed at 20mg/ml of plant extract. No significant (p<0.05) difference was observed in the antioxidant power of the plant extract and ascorbic acid at the concentrations of 20mg/ml. 



Fraction 2 significantly (p<0.05) exhibited a high radical scavenging activity at the different concentrations of (60, 80 and 100mg/ml) compared to ascorbic acid at the same concentrations. Significantly higher (p<0.05) scavenging activity was observed at the highest concentration of fraction 2 (100mg/ml) while the lowest activity was observed at 20mg/ml of fraction 2. No significant (p<0.05) difference was observed in the antioxidant power of the plant extract and ascorbic acid at the concentrations of 20 and 40mg/ml. The radical scavenging activity was found to be dose-dependent. All values are mean ± SEM for 3 determinations.
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The result of antioxidant activity of fraction 1 and fraction 2 using thiobarbituric acid reactive substances (TBARS), fraction 1 significantly (p<0.05) exhibited a high radical scavenging activity at the different concentrations of (60, 80 and100mg/ml) compared to ascorbic acid at the same concentrations. The radical scavenging activity was also found to be dose-dependent. Significantly higher (p<0.05) scavenging activity was observed at the highest concentration of fraction 1(100 mg/ml) while the lowest activity was observed at 20mg/ml of fraction 1.  No significant (p<0.05) difference was observed in the antioxidant power of the plant extract and ascorbic acid at the concentrations of 20 and40mg/ml. 
Fraction 2 significantly (p<0.05) exhibited a high radical scavenging activity at the different concentrations of (80 and 100 mg/ml) compared to ascorbic acid at the same concentrations. Significantly higher (p<0.05) scavenging activity was observed at the highest concentration of fraction 2 (100 mg/ml) while the lowest activity was observed at 20 mg/ml of fraction 2. No significant (p<0.05) difference was observed in the antioxidant power of the plant extract and ascorbic acid at the concentrations of 20 and 40mg/ml. The radical scavenging activity was found to be dose-dependent.All values are mean ± SEM for 3 determinations.






4.4 Result of antifungal activity and minimal inhibitory concentration (MIC) of the plant extract and the most active fractions
Table 1. Antifungal Activity of Allium cepa, Allium sativum and Zingiber officinale
	Concentration mg/ml
	Allium cepa
	Allium sativum
	Zingiber officinale
	Standard Control

	100
	4.319 ± 00.4d
	3.412 ± 0.01bd
	5.124 ± 0.01d
	6.038 ± 0.04ad

	200
	6.043 ± 0.07
	4.401 ± 0.03b
	12.218 ± 0.02a
	7.946 ± 0.13

	300
	8.213 ± 0.01c
	8.023 ± 0.06bc
	14.221 ± 0.08ac
	10.07 ± 0.24c


All values are mean ± SEM for 4 determinations
a= significantly (p<0.05) higher compared to other group in the same row 
b= significantly (p< 0.05) lower compared to other group in the same row
c= significantly (p<0.05) higher compared to concentrations in the same column 
d = significantly (p< 0.05) lower compared to concentrations in the same column












Table 2. MIC of Allium cepa, Allium sativum and Zingiber officinale
	Concentration mg/ml
	Control (Drug)
	Negative Control
	Allium cepa 
	Allium sativum 
	Zingiber officinale

	100
	0.261 ± 0.08bc
	2.036± 0.04a

	0.411 ± 0.03c
	0.351 ± 0.02c
	0.332 ± 0.11c

	200
	0.215± 0.01
	2.036± 0.05a
	0.323 ± 0.01
	0.223 ± 0.03
	0.211 ± 0.05b

	300
	0.164± 0.01d
	2.036± 0.04a
	0.224 ± 0.02d
	0.167 ± 0.04d
	0.154± 0.03bd


All values are mean ± SEM for 4 determinations
a= significantly (p<0.05) higher compared to other group in the same row 
b= significantly (p< 0.05) lower compared to other group in the same row
c= significantly (p<0.05) higher compared to concentrations in the same column 
d = significantly (p< 0.05) lower compared to concentrations in the same column













Table 3. Antifungal Activity of the Combined Extract of Allium cepa, Allium sativum, and Zingiber officinale
	Concentration mg/ml
	Allium cepa + Allium sativum
	Allium cepa+ Zingiber officinale
	Zingiber officinale+ Allium sativum
	Standard Control 

	100
	5.232 ± 0.08bd
	6.221 ± 0.01
	10.671 ± 0.02ad
	6.038 ± 0.04d

	200
	7.021 ± 0.07
	6.154 ± 0.02b
	12.023 ± 0.02a
	7.946 ± 0.13

	300
	8.013 ± 0.09b
	9.108 ± 0.08c
	15.153 ± 0.01ac
	10.07 ± 0.24c


All values are mean ± SD for 4 determinations
a= significantly (p<0.05) higher compared to other group in the same row 
b= significantly (p< 0.05) lower compared to other group in the same row
c= significantly (p<0.05) higher compared to concentrations in the same column 
d = significantly (p< 0.05) lower compared to concentrations in the same column












Table 4.Minimum Inhibitory Concentration (MIC) of Combined Extract of Allium cepa, Allium sativum and Zingiber officinale
	Concentration mg/ml
	Control (Drug)
	Negative Control
	Allium cepa + Allium sativum
	Allium cepa + Zingiber officinale
	Zingiber officinale+ Allium sativum

	100
	26.103± 00.4c
	2.036± 0.04a
	22.110 ± 0.04c
	22.201 ± 0.01c
	21.001 ± 0.01bc

	200
	21.051± 00.4c
	2.036± 0.04a
	22.001± 0.07
	21.280 ± 0.02
	20.106 ± 0.15b

	300
	16.401± 00.4d
	2.036± 0.04a
	21.032 ± 0.01d
	20.201 ± 0.05d
	15.240 ± 0.06bd


All values are mean ± SD for 4 determinations
a= significantly (p<0.05) higher compared to other group in the same row 
b= significantly (p< 0.05) lower compared to other group in the same row
c= significantly (p<0.05) higher compared to concentrations in the same column 
d = significantly (p< 0.05) lower compared to concentrations in the same column










Table 5. Antifungal Activity of Fraction 1 and Fraction 2
	Concentration (mg/ml)
	Control (Drug)
	Fraction 1
	Fraction 2

	100
	0.361 ± 0.01a
	0.201 ± 0.04bc
	0.208 ± 0.01c

	200
	0.251 ± 0.02a
	0.122 ± 0.05b
	0.158 ± 0.02

	300
	0.104 ± 0.09d
	0.102 ± 0.04b
	0.121 ± 0 01ad


All values are mean ± SD for 4 determinations
a= significantly (p<0.05) higher compared to other group in the same row 
b=significantly (p< 0.05) lower compared to other group in the same row
c= significantly (p<0.05) higher compared to concentrations in the same column 
d =significantly (p< 0.05) lower compared to concentrations in the same column












Table 6. Minimum Inhibitory Concentration (MIC ) of Fraction 1
	Concentration (mg/ml)
	Control (Drug)
	Negative control 
	Fraction 1

	100
	0.261 ± 0.08c
	2.036 ± 0.04a
	0.201 ± 0.02b

	200
	0.215 ± 0.01
	2.036 ± 0.05a
	0.200 ± 0.03b

	300
	 0.164 ± 0.01d
	2.036 ± 0.04a
	0.114 ± 0.01bd


All values are mean ± SD for 4 determinations
a= significantly (p<0.05) higher compared to other group in the same row 
b= significantly (p< 0.05) lower compared to other group in the same row
c= significantly (p<0.05) higher compared to concentration in the same column 
d = significantly (p< 0.05) lower compared to concentration in the same column















Table7.Minimum Inhibitory Concentration (MIC) of Fraction 2
	Concentration (mg/ml)
	Control (Drug)
	Negative Control
	Fraction 2

	100
	0.241 ± 0.01c
	2.036 ± 0.04a
	0.210 ± 0.01c

	200
	0.209 ± 0.02
	2.036 ± 0.05a
	0.145 ± 0.02b

	300
	0.203 ± 0.09d
	2.036 ± 0.04a
	0.110 ± 0 01bd


All values are mean ± SD for 4 determinations
a= significantly (p<0.05) higher compared to other group in the same row 
b= significantly (p< 0.05) lower compared to other group in the same row
c= significantly (p<0.05) higher compared to concentration in the same column
d = significantly (p< 0.05) lower compared to concentration in the same column.

DISCUSSION
A medicinal plant is any plant which contains substances that can be used for therapeutic purpose, also serve as precursors for the synthesis of useful drugs (Erb and Kliebenstein,2020). Phytochemicals such as alkaloids, terpenoids, saponins and phenolics are considered as strong antimicrobial agents that can aid in solving the problem of antibiotic resistance (Anweretal.,
2017).Tannins has high concentration in Allium cepa and Zingiber officianale respectively as found this study. Tannins have been found to possess antifungal activity as reported by (Agi and Azike, 2019). Alkaloids which are one of the largest groups of phytochemicals in plants have led to the development of powerful pain killer medications as well as antifungal as reported by (Doughari, 2016).
Guimarães et al., (2021) reported that alkaloids have defense mechanisms through which plants ward off pests. This suggests the medicinal properties (such as analgesic, antispasmodic and antimicrobial effects) of alkaloids from plants. It was also reported that alkaloids have a wide range of pharmacological activities including antifungal and antimalarial (Erb and Kliebenstein, 2020).
Alkaloids which have antimicrobial activities are cryptolepine. Alkaloid compounds could inhibit the synthesis of nucleic acids and ergosterol of C.albicans Ergosterols is a component of C.albican plasma membrane. Ergosterols play a role in the formation of chitin which are polysaccharide component of the cell wall and have an important role in the germination of C. albicans. Triterpenoids compounds have antifungal activity by affecting the permeability of thecell membrane that could lead to cell membrane lysis (Gorniak et al., 2019).
The phytochemical screening results showed moderate amount of saponins, steroids, and anthraquinone in all the extract and may be responsible for the observed good anti candidal and antioxidant activities of the extract (Anweret al., 2017). Saponins are produced by plants to fight against infections by parasites and in humans it helps the immune system and also protect against fungi, viruses and bacteria and Saponins have been reported to have antifungal and anti- inflammatory properties (Phumatetal., 2020). Gorniaketal., (2019) also reported that saponin has demonstrated to be a good candidate for the control of a Candida albican. Hence, the higher saponins content in all the extracts may contribute greatly in the control of Candida albican. The present study agrees with the work of (JamesandAbraham, 2021). 
The mechanism of terpenoids action as an antimicrobial is reported to involve in membrane disruption of the pathogens. Therefore, the disruption of C.albican membrane by the extract smay be associated with the existing of terpenoids in the extracts (Herman and Andrzej, 2021). Naturally occurring terpenoids often exhibit a variety of biological activities such as anti-inflammatory, anti-HIV,anti- tumour-promoting, ichthyologic and antifungal activities(Guimarães et al.,2021).
In general, tannins, phenols, saponins, steroids, alkaloids, and flavonoids possess anti-infective actions through different biological mechanism (Gorniaketal., 2019). For instance, flavonoids interfere with microbial enzymatic actions, inhibit cell wall synthesis and destabilize microbial cell membrane. Agi and Azike, (2019) also reported that plant with high amount of flavonoid content plays a vital role in inhibiting fungal growth. The tannins prevent microbial adhesions and fungal enzymatic reactions. The anthraquinone derivatives also exhibit biological activities against fungal infections. The saponins also serve as a major antifungal secondary metabolite that changes cell wall permeability, enhances the influx of toxic agents into the cell, and facilitates the leakages of vital cell components (Chenetal., 2020). As such, the presence of these secondary metabolites in the extracts could be associated with its anti-Candidal albican effect.
These classes of compounds especially alkaloids, saponins and flavonoids are known to have curative activity against several pathogens, all these important phytochemicals were found to be present in all the extracts with the exception of flavonoid which is found to be absent in the methanol extract of Allium cepa as well as methanol extract of Allium satum.
Flavonoids are water soluble polyphenolic molecules which in conjuction with carotenes are also responsible for the coloring of fruits, vegetables and herbs. Some flavonoid containing plants have antimicrobial properties. According to Gorniaketal.,(2019), flavonoids have been reported to possess antioxidant, anticarcinogenic, antimicrobial, antitumor, allergenic, anti-inflammatory and antidiarrheal properties. Flavonoids have the ability to quench and efficiently mop up the damaging radical species (Anwer etal., 2017). The damaging effect caused by the free radicals in cells is repaired, healed, and protected by the flavonoids because they are strong antioxidant. Hence, flavonoids in the extracts may be responsible for the observed antioxidant activity, and probably responsible for inhibiting the growth of Candida alb can in this study.
Mode of action of several other phenolic compounds provides some clues to deduce the mechanism of phenolic acids. For instance, isoquercetin can damage the C. alb cans cell membrane(Gorlenko et al., 2020).
Tannins are known to occur abundantly in the bark of trees where they act as a barrier to micro- organisms. Tannin is a stringent in nature and has the ability to bind or precipitate proteins and various other organic compounds making them unavailable for absorption. Plants rich in Tannin are said to have several medical applications. Tannins have health importance such as wound healing, varicose ulcers, hemorrhoids, frostbite and burns, and it has the ability to regenerate skin, as well as anti-inflammatory and anti-diuretics activity (Othmanetal.,2019). The extracts contains phytochemicals responsible for the antimicrobial ability, which concurs with the previous investigations as reported by Phumatet al., (2020).
Free radicals are molecules that are unstable because they lose their electrons. They take electrons from other molecules or cells in our body to stabilize their charge, but if there is an excess of free radicals in the body, the process of taking electrons from body cells will occur, causing cell damage that can lead to premature aging and can prompt the emergence of various degenerative and chronic diseases (Oscar et al., 2020). The free radicals that damage body cells can be neutralized with antioxidant compounds and these additional antioxidant compounds are generally obtained from plants (Herawati etal., 2021).
Oxidants and free radicals are harmful for the body health when their overload cannot steadily be destroyed and consequently generate an occurrence called oxidative stress (Sima et al., 2018). This course of action happening due to disproportionate production of free radicals plays a key role in the formation and development of chronic diseases such as cancer, rheumatoid arthritis, cardiovascular and autoimmune disorders or even aging (Sima et al., 2018).
One of the most commonly used methods for determining the antioxidant function of plant extracts is the free radical scavenging activity assay (Uddin et al., 2018), these include 2,2-diphenyl-1-picrylhydrazyl, Ferric reducing antioxidant power, hydrogen peroxide, hydroxyl, superoxide anions, and nitric oxide (Rahman and Huda, 2021). Tannins and flavanoids have therapeutic uses due to their anti-inflammatory, antifungal, antioxidant and healing properties as reported by Haris et al., (2021), Thus, the antifungal activity observed in this study can be deduced to be as a result of the presence of tannins and flavonoids metabolites due to their antioxidant properties as also conform by the work of Ojewumi et al., (2022).
MIC value is a measure of efficacy of an antimicrobial agent. It can therefore be seen that the extracts have potential efficacy against Candida albicans. The different compounds identified in this study have earlier been reported to be effective antimicrobial agents. Hence, the antifungal activity of the extracts against microorganisms may be explained on the basis of the presence of these bioactive phytoconstituents (Marrezetal., 2022). The antifungal activities of these medicinal plants are attributed due to the presence of flavonoids and tannins. The presence of this metabolite in the extracts confirms their potential against Candida alb can this is in line with a work reported by (Umaru et al., 2018).
The antifungal activity of fraction 2 as shown in table 5, exhibited a positive effect on the Candida albicans, at highest concentration of 300mg/ml when compared to the fraction 1 and drug control group. The MIC of fraction1as shown in Table 6 revealed the anti-Candida alb can activity of the fraction 1 in dose dependent manner with 300mg/ml exhibited the highest activity against Candida albican when compared with the drug control as well as the negative control group. A study by Krishnamandaet al., (2017) demonstrated that most Candida spp. isolates presented resistance to fluconazole.
The MIC of the fraction 2 as shown in Table7 also revealed anti-Candida albican activity in a dose dependent manner with the highest concentration of 300mg/ml having more activity when compared with the activity of the other lesser concentration of 100 and 200mg/ml. The result of both fraction 1 and fraction 2 inhibition against Candida albicans shows that the higher the concentration (300mg/ml) of the fractions the higher the activity. Hence, the activity is dose dependent as seen in the minimum inhibition concentration (MIC) result.
CONCLUSION
In conclusion, anti-Candida albican activity of the methanol extracts of Allium cepa (Onion), Allium sativum (Garlic) and Zingiber officinale (Ginger) were evaluated and the results revealed that all plants act significantly against Candida albicans. This might be as a result of the phytochemicals found to be present and the high antioxidant activity of the plant extract; this makes it act against micorganisms. The result of antifungal activities and the MIC of the extract exhibited significant inhibitory effects. This might be as a result of the plants antioxidant properties.
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