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ABSTRACT 
 

Averrhoa bilimbi is mostly known as cucumber tree or bilimbi often used by the traditional practitioner in the treatment 

of hypertension, pyrexia, diabetes mellitus and antimicrobial. Therefore, the objective of this study was to determine 

the antifungal activity of Averrhoa bilimbi fruits and leaves extracts against the pathogenic Candida species which lead 

to Candidiasis. An in vitro study was conducted to determine the antifungal activity of extracts from a different part of 

Averrhoa bilimbi plant against the Candida species. Both aqueous and ethanolic extracts originated from the fruits and 

leaves of Averrhoa bilimbi plant were prepared to determine its antifungal activity against the fungi species of Candida 

family. The pathogenic, commensal Candida species was obtained by culturing samples of hair pluck, skin scrap, oral 

swab and a vaginal swab from free-roamer cats onto Sabouraud Dextrose Agar (SDA) media. Aqueous and ethanolic 

extraction of fruits and leaves were prepared. Then, the qualitative phytochemical analyses were done to detect the 

presence of secondary metabolite compounds such as saponins, flavanoids, tannins, and phenols which it was believed 

to contribute to the antifungal property. Kirby-Bauer disc diffusion method was performed for the antifungal sensitivity 

test and sterile disc impregnated with different dilution of concentration of the extracts product were prepared and 

inoculated inside an incubator for about 24 to 48 hours on Mueller-Hilton Agar media containing lawn culture of 

Candida species. The results showed presence of inhibition zone around the disc soaked with different concentration of 

plant extracts indicating of positive antifungal activity towards the Candida species. Besides, the fruits extract possessed 

larger inhibition zone compared to the leaves extract. In a nutshell, these positive outcomes proved that there was an evidence 

of antifungal property of both fruits and leaves part of Averrhoa bilimbi plant that was susceptible towards Candida species.  
 

Key words: In vitro study, Antifungal activity, Antifungal resistance, Candida species, Averrhoa bilimbi plant extracts, 

Phytochemical compounds 

 

INTRODUCTION 

 

Nowadays, antimicrobials resistance (AMR) has been 

recognized by many international health organizations such 

as the Centers for Disease Control and Prevention (CDC) 

and World Health Organization (WHO) as a serious global 

public health issue and a threat to the modern health-care 

system. According to WHO (2017), antimicrobials 

resistance occurs when microorganisms such as bacteria, 

fungi, viruses, and parasites capable of developing 

resistance towards the effective medication which leads to 

ineffective treatment. Generally, resistance arising in 

antimicrobials drugs can be originated from either natural 

resistance of microorganisms through specific enzymatic 

activity and alteration of their membrane receptor, 

spontaneous genetic mutation, or by one species acquiring 

resistance from another species through horizontal and 

vertical transmission (Munita and Arias, 2016). All groups 

of microbes can develop resistance as bacteria develop 

antibiotic resistance, viruses develop antiviral resistance, 

fungi develop antifungal resistance, and protozoa develop 

antiprotozoal resistance.  

As a result, development of antimicrobials resistance 

will jeopardize the outcome of treatments. It will results in 

prolonged illness that may leads to the death of the patient 

due to no reliable and effective drugs to treat the infections 

(Shea, 2004). According to the WHO (2017) crucial 

medical procedures such as organ transplantation, cancer 
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chemotherapy, diabetes management and major surgery, 

for example cesarean sections or hip replacements will 

become a very high risk procedures due to the absence of 

effective antimicrobials medicines for the prevention and 

treatment of infections. Furthermore, the cost ofhealthcare 

will increase and become more expensive due to 

antimicrobials resistance. The duration of illness will be 

longer and more intensive care such as additional 

diagnostic test and use of expensive drugs are required for 

patients with resistant infections than care for patients with 

non-resistant infections (Angulo et al., 2004).  

In the recent years, several novel resistance patterns 

were observed including the development of antifungal 

resistance in both human and animal infections. The fungus 

Candida is the most common cause of opportunistic fungal 

infections worldwide as it is the commensal macroflora on 

the mucosal surface of the oral cavity and external genitalia 

and also on the skin of animals (Krüger, W et al., 2019). 

According to the study from Hitchcock et al. (1993), 

antifungal such as fluconazole are becoming resistant to 

Candida species which is Candida glabrata. Besides, 

emerging of the newest Candida family member, Candida 

auris which is firstly identified in Japan in 2009 has shown 

resistance towards the commercial antifungal medications. 

Even the common Candida family member, Candida 

albicans has been reported to showing resistance to the 

azole group of antifungal drugs (Baddley et al., 2008). The 

main concern at this moment is that some Candida species 

are becoming increasingly resistant towards the 

commercial antifungal medications, namely azole group; 

fluconazole and echinocandins group; anidulafungin, 

caspofungin, and micafungin (Lockhart, 2012). Therefore, 

research on establishing new effective treatment is crucial 

in order to prevent and control the emergence of fungal 

disease primarily in immunocompromised animals.  

Since immemorial times, plants and herbs have been 

used for medicinal purposes in every culture worldwide. 

Ancient Chinese and Egyptian papyrus writings described 

medicinal uses for plants and herbs as early as 3000 BC. 

Even the indigenous cultures such as Ayurveda civilization 

and the African-Native American used herbs for healing 

rituals and also in medicinal therapies. A long history of 

traditional uses of plants which are more affordable, 

possess variety of medicinal value, potentially wide safety 

margin and lower side effects have suggested them as 

sources of new pharmaceuticals choice (Chairgulprasert et 

al., 2005). This situation leads the investigation of their 

bioactive compound which resulted in the determination 

and detection of their therapeutic properties. Recently, the 

WHO estimated that 80% of people worldwide rely on 

herbal medicines for some part of their primary health care.  

Averrhoa bilimbi, also known as Bilimbi or Belimbing 

Asam belongs to the family Oxalidaceae as it is closely 

related to Averrhoa carambola (starfruit). Averrhoa bilimbi 

is an important medicinal plant which it has been used as 

the traditional medicine for treatment of variety illness and 

as supplement for maintaining good general health. The 

plant exhibits great value in traditional medicine. 

According to Alhassan and Ahmed (2016), the leaves 

possessed antibacterial, anticancer, antioxidant, anti-

inflammatory, and astringent property. This A. bilimbi 

plant leaves were believed have lot of medicinal properties 

in postpartum protective medicine, treatment of fever, 

treatment of itches, skin eruptions and wounds, bites of 

poisonous creatures, rheumatism and cough (Wahab et al., 

2013). In addition, the fruit is employed in the treatment of 

pimples, scurvy, hypertension, obesity, and also diabetes 

(Tan et al., 2005; Kumar et al., 2013). Despite its beneficial 

uses, there is still lack of proper scientific evaluation on the 

bioactive compounds present in this plant which possess 

the antifungal properties specifically. It is reported that A. 

bilimbi plant extract has a wide margin of pharmacological 

activities such as the evidence of antimicrobials and other 

activity which accredited to its saponins, tannins, 

terpenoids and flavanoids compound (Kumar et al., 2013). 

Nazmul et al. (2011) previously reported that the leaves 

extracts of Averrhoa bilimbi had shown minimum 

antifungal activity against several fungi species such as 

Blastomyces dermatitidis, Candida albicans, Cryptococcus 

neoformans, Pityrosporum ovale, and Trichophyton spp. 

with MIC values ranging from 15.65 to 62.50 µg/ml. 

Considering from this report and many other studies, the 

antifungal effect of these plants extracts may be due to 

flavonoids and tannins compound present in them. 

Therefore, meticulous study is needed especially in 

identifying and isolating the bioactive constituents of 

different parts of Averrhoa bilimbi plant which 

responsible for the antifungal activities. This will provide 

an insight into the biochemical mechanism action of this 

plant and may also serve as the lead for future antifungal 

drug development. 

 
MATERIALS AND METHODS 

 

Sample collection 

Ten free-roaming cats, males and females of different 

ages, breeds and weights were selected. Subject’s health 

screening was conducted to diagnose Candidiasis amongst 

the selected cats. Thorough physical examination was done 

and blood serum biochemistry was analyses. Hair pluck, 

skin scrapping, oral swab and vaginal swab (female cats 

only) were performed to obtain the commensal Candida 

species sample.   

 

Fungal isolation and identification 

The skin scrapping and hair pluck sample were treated 

with 10% potassium hydroxide (KOH) solution first in 

order to denature and remove debris. All samples were 

cultured on Sabouraud Dextrose Agar (SDA), incubated for 

10 to 14 days inside the incubator at 37ᵒC. After 10 to 14 

days, macroscopic identification was performed. The 

morphology of colony growth on the agar plate was 

observed based on the appearance, colour, consistency and 

pattern of colony growth, following the methods described 

by Kurtzman and Fell (2010). Macroscopically, the growth 

pattern appeared in yeast form, radial in shape, raised, 

smooth, whitish to creamy in color. Then, microscopic 

identification of the fungal morphology was performed. A 

microscopic slide with stained fungal colony growth with 

Lactophenol Cotton Blue stain was observed under the 

microscope at 40 and 100 times magnification power. 

Under the microscope, the blastoconidia appeared 

spherical to subspherical budding yeast-like appearance 

with presence of pseudohyphae. 
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Plant extraction preparation 

The fruits and leaves were freshly plucked and 

collected from Averrhoa bilimbi tree around Kampong 

Panchor, Kota Bharu, Kelantan. The fruits and leaves were 

washed and rinsed with tap water and dried in an oven at 

50ᵒC for 7 days. The dried fruits and leaves were pulverized 

into smaller particle by using a commercial blender. 

For aqueous extraction, the dried product was mixed 

with distilled water in a ration of 1:10 (50g in 500mL 

distilled water) in a 1L conical flask. The mixture was 

boiled and continuously stirred for about 5 hours at 60ᵒC. 

After 5 hours, the mixture was left to cool at room 

temperature. Then, the mixture was filtered by using 

Whatmann filter paper no.1 to obtain the filtrate. The 

collected filtrate was evaporated by using the rotary 

evaporator to obtain the crude extract. The extract was 

kept in a sterile container, sealed and stored at -20ᵒC 

inside the freezer.   

For ethanolic extraction, the dried product was 

soaked with an absolute ethanol at a ratio 1:10 (50g in 

500mL absolute ethanol) for 72 hours. Then, the mixture 

was filtered by using Whatmann filter paper no.1 to 

obtain the filtrate. The filtrate was evaporated by using 

the rotary evaporator to obtain the crude extract. The 

extract was kept in a sterile container, sealed and stored 

at -20ᵒC inside the freezer.  

The percentage (%) of extraction efficiency was 

determined by calculating the percentage of final weight of 

extracts over the initial weight of samples as following below: 

Formula for calculating the extraction efficiency 

 
𝑓𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑠 (𝑔𝑟𝑎𝑚)

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒𝑠 (𝑔𝑟𝑎𝑚)
 𝑥 100 = 𝑌%  

 

Phytochemical analysis of plant extracts 

Qualitative phytochemical analysis method for 

detection of phenols, flavanoids, tannins and saponins 

content from the extracts was performed. Analysis of 

phenols was done by following the method by Tiwari et al. 

(2011). 5ml of sterile distilled water was added to 0.5mL 

of each aqueous and ethanolic extracts in a test tube. Then, 

5 drops of 1% ferric chloride (FeCl3) solution was dropped 

into the test tubes and left to allow it to mix. The formation 

of bluish black solution indicates presence of phenols. 

Analysis of flavanoids was performed by alkaline reagent 

test, following the method suggested by Khanam (2015) 

with a slight modification where 3mL of each aqueous and 

ethanolic extracts was mixed with 1ml of 10% sodium 

hydroxide (NaOH) solution in a test tube. Formation of 

intense yellowish solution, as it became colourless prior to 

the addition of dilute acidic solution, indicating the 

presence of flavonoids. Analysis of tannins was done by 

adding 5 drops of 1% ferric chloride (FeCl3) solution into 

the filtrated product from the boiling process of mixture 

between 0.5g extract sample in 20mL of distilled water. 

Formation of bluish black colour indicates the presence of 

tannins, following the method by Kumaran (2006). 

Analysis of saponins was performed by doing foam test 

where 1g of extract sample was mixed with 5 ml distilled 

water and being shacked vigorously to observe foam 

formation for about 10 minutes, following the method 

suggested by Edeoga et al. (2005) with a slight modification.  

Inoculum preparation 

The growth colony of Candida species was suspended 

into a sterile tube containing 3ml sterile saline solution and 

was vortexed by using a vortex machine. The turbidity of 

the inoculums was adjusted to approximately 0.5 

McFarland Standard, obtaining a final cell concentration of 

10⁸ CFU mL⁻1. A sterile swab was dipped in the 

suspension and was streaked on the Mueller-Hilton agar 

(MHA) to obtain a lawn culture. 

Kirby-Bauer disc diffusion method was performed in 

order to determine and evaluate the antifungal activity 

present on both extract products of Averrhoa bilimbi fruits 

and leaves. The drug disc was prepared and sterilized. 

Different concentration of extracts dilution from both 

aqueous and ethanolic extracts were prepared by diluting 

the extract products into 1mL sterile distilled water as 

following concentrations; 100mg/mL (1X), 500mg/mL 

(5X) and 1000mg/mL (10X). Sterile disc was soaked into 

the different concentration of extracts dilution for about 30 

seconds and left to dry at room temperature inside a sterile 

container. Then, the drug disk was placed on the surface of 

MHA alongside with the Candida species lawn culture. 

The plate was incubated inside the incubator for 24 to 48 

hours. Presence of inhibition zone around the disc was 

measured by a ruler and the reading for after 24 hours 

incubation and 48 hours incubation were recorded, 

following the method by Diekema (2009) with a slight 

modification. The positive control used in this study was 

commercial antifungal drug, itraconazole (100mg/tab) 

while the negative control used was sterile distilled water. 

The minimum inhibition concentration was 

determined based on method describe by Bakri and 

Douglas (2005) with modification. 

 
RESULTS 

 

Overall, most of the selected cats were healthy and all 

the vital parameters were within the normal range as shown 

in Table 1. However, five out of ten cats were having 

slightly pale mucous membrane. Two out of ten cats were 

having CRT more than 2 seconds. One of the cats was 

having a mild dehydration due to 5% dehydration status. 

For integumentary system (ITG), six out of ten cats were 

having abnormalities which two cats were having mange 

problem, one cat with localized alopecia on the dorsal 

lumbosacral region, while the other three cats having a 

localized, healing wound on the palmar surface of the 

forelimb and on the lateral side of the thigh region. For 

digestive system (DIG), seven out of ten cats were having 

abnormalities due to mild gingivitis. Two out of ten cats 

with gingivitis problem had evidence of calculus 

formation. For lymphatic system (LYM), almost all cats as 

there were nine out of ten cats were having bilateral 

enlargement of the submandibular lymph node 

(lymphadenopathy). Lastly, there was no significant 

abnormality was observed based on the examination of 

other body systems. 

Table 2 shows the serum biochemistry results where 

the liver enzyme parameter, aspartate aminotransferase 

(AST) and alanine aminotransferase (ALT) were normal 

mean that no liver and renal injuries or diseases.  
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Table 1: Physical examination results of 10 selected cats. 

ID, Sex, Weight TPR, CRT, MM ITG RES CVS MSC NVS DIG URG REP LYM 

Female 1, 2.54kg 38.2, 172, 44, 2, slightly pale Ab N N N N Ab N N Ab 

Female 2, 2.28kg 38.5, 168, 48, 2, pink Ab N N N N Ab N N N 

Female 3, 3.80kg 37.9, 156, 32, 2, pink Ab N N N N N N N N 

Female 4, 3.27kg 38.3, 160, 32, 2, pink N N N N N N N N Ab 

Female 5, 3.88kg 39.0, 180, 48, 2, slightly pale N N N N N Ab N N Ab 

Male 1, 2.90kg 38.5, 176, 36, 3, pink Ab Ab N N N Ab N N Ab 

Male 2, 3.62kg 37.8, 152, 32, 2, pink N N N N N N N N Ab 

Male 3, 2.50kg 37.9, 152, 32, 2, slightly pale Ab N N N N Ab N N Ab 

Male 4, 2.38kg 38.7, 192, 44, 2, slightly pale N N N N N Ab N N Ab 

Male 5, 3.29kg 38.0, 148, 32, 3, slightly pale Ab N N N N Ab N N Ab 

TPR; temperature, pulse, respiratory rate. CRT; capillary refill time. MM; mucous membrane. ITG; integumentary system. RES; 

respiratory system. CVS; cardiovascular system. MSC; musculoskeletal system. NVS; nervous system. DIG; digestive system. URG; 

urogenital system. REP; reproductive system. LYM; lymphatic system: N; normal. Ab; abnormal. 

 

Table 2: Blood serum biochemistry results of 10 subjects. 

Blood para-meter F1 F2 F3 F4 F5 M1 M2 M3 M4 M5 Reference value 

AST 25 36 30 18 24 27 33 38 27 40 7-38 

ALT 88 59 74 66 60 63 91 72 71 44 25-97 

AST; aspartate transaminase. ALT; alanine transaminase. F; Female. M; Male.  

 

Table 3: Macroscopic and microscopic identification results of fungal growth on after 10 days incubation. 

Fungal growth examination Description 

Macroscopic identification 
The fungal colony growth appeared in yeast form, radial in shape, raised, smooth, whitish to 

creamy, with diameter around 5 to 8 mm in size. 

Microscopic identification 
The blastoconidia appeared spherical to subspherical budding yeast-like appearance with 

presence of pseudohyphae. 

 

Table 4: Extract efficiency results of both aqueous and ethanolic extraction method of A. bilimbi fruits and leaves following 1:10 ratio 

Part of A. bilimbi plant Extraction method Initial weight of samples (g) Final weight of extracts (g) Extraction efficiency (%) 

Leaf Aqueous extraction 

(distilled water) 

50 2.788 0.056 

Fruit 20 1.153 0.058 

Leaf Ethanolic extraction 

(absolute ethanol) 

50 4.937 0.099 

Fruit 20 1.928 0.096 

 

 
 

Fig. 1: (Left) shows macroscopic appearance of Candida growth 

colony on SDA media, while (Right) shows microscopic 

morphology of spherical budding yeast-like appearance (red 

arrow), pseudohyphae (black arrow). 
 

Table 3 and Figure 1 show both macroscopic and 

microscopic finding of fungal growth on SDA and under 

light microscope (40X &100X magnification power) where 

the Candida species colony has been successfully isolated 

from the collected samples. 

Table 4 shows the percentage (%) of extraction 

efficiency as it was determined by calculating the 

percentage of the final weight of extracts over the initial 

weight of samples according to the formula below. 

Ethanolic extraction method possessed better extraction 

efficiency compare to aqueous extraction method as this 

was attributed with different polarity of solvent used to 

attract the phytochemical compound within the A. 

bilimbi fruits and leaves. 

 
 

Fig. 2: Relationship between different concentration of extracts 

against mean reading of inhibition zone after 24 and 48 hours 

incubation. 
 

Table 5 shows the result of qualitative phytochemical 

analysis on both leaves and fruits of A. bilimbi plant based 

on different extraction solvent used (water and absolute 

ethanol). The result revealed the presence of phenols, 

saponins, flavanoids, and tannins. Aqueous extract of fruit 

shows higher composition of phenols, saponins, and 

tannins compare to aqueous extract of leaf. There was no 

difference on flavanoids content in both aqueous extract of 

leaf and fruit. Ethanolic extract of fruit revealed higher 

content of phenols, saponins, flavanoids and tannins 

compared to ethanolic extract of leaf. 
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Table 5: Qualitative phytochemical analysis results of both 

aqueous and ethanolic extraction of A. bilimbi fruits and leaves. 

 Phenols Saponins Flavanoids Tannins 

Leaf extract 

(Aq) 

+ + + + 

Leaf extract 

(Eth) 

+ ++ + ++ 

Fruit extract 

(Aq) 

++ ++ + ++ 

Fruit extract 

(Eth) 

+++ +++ ++ ++ 

+++ indicates strong intensity; ++ indicates moderate intensity; + 

indicates mild intesnsity; -indicates negative. 

 

Table 6: Inhibition zone with concentration 100mg/mL (1X) 

Type of drug disk 
Incubation 

period (hours) 

Mean of inhibition 

zone +/- SD 

Itraconazole 

(control)  ͣ

After 24 1.73 +/- 0.06 

After 48 1.73 +/- 0.06 

Leaf extract 

(aqueous)ᵇ 

After 24 0 

After 48 0 

Fruit extract 

(aqueous)ᵇ 

After 24 0 

After 48 0 

Leaf extract 

(ethanol)ᵇ 

After 24 0 

After 48 0 

Fruit extract 

(ethanol)ᵇ 

After 24 0 

After 48 0 

The statistical differences were considered significant when 

(P<0.05), as :ͣ values were significantly different, while ᵇ: values 

were non-significantly different.  

 

Table 7: Inhibition zone with concentration 500 mg/mL (5X). 

Type of drug disk 
Incubation 

period (hours) 

Mean of inhibition 

zone +/- SD 

Itraconazole 

(control)  ͣ

After 24 1.57 +/- 0.06 

After 48 1.57 +/- 0.06 

Leaf extract 

(aqueous)  ͣ

After 24 0.67 +/- 0.06 

After 48 0.67 +/- 0.06 

Fruit extract 

(aqueous)  ͣ

After 24 0.73 +/- 0.06 

After 48 0.73 +/- 0.06 

Leaf extract 

(ethanol)  ͣ

After 24 0.87 +/- 0.06 

After 48 0.87 +/- 0.06 

Fruit extract 

(ethanol)  ͣ

After 24 1.30 +/- 0.10 

After 48 1.30 +/- 0.10 

The statistical differences were considered significant when 

(P<0.05), as :ͣ values were significantly different, while ᵇ: values 

were non-significantly different.  

 

Table 8: Inhibition zone with concentration 1000 mg/mL (10X). 

Type of drug disk 
Incubation 

period (hours) 

Mean of inhibition 

zone +/- SD 

Itraconazole 

(control)  ͣ

After 24 1.53 +/- 0.15 

After 48 1.53 +/- 0.15 

Leaf extract 

(aqueous)  ͣ

After 24 0.70 +/- 0.10 

After 48 0.70 +/- 0.10 

Fruit extract 

(aqueous)  ͣ

After 24 0.73 +/- 0.06 

After 48 0.73 +/- 0.06 

Leaf extract 

(ethanol)  ͣ

After 24 0.97 +/- 0.15 

After 48 0.97 +/- 0.15 

Fruit extract 

(ethanol)  ͣ

After 24 1.43 +/- 0.15 

After 48 1.43 +/- 0.15 

The statistical differences were considered significant when 

(P<0.05), as ͣ: values were significantly different, while ᵇ: values 

were non-significantly different. 

 

Table 6, 7, and 8 show the mean zone of inhibition of 

different concentration (100mg/mL, 500mg/mL, and 

1000mg/mL) of both aqueous and ethanolic extracts from 

Averrhoabilimbi plant (leaf and fruit) compared to the 

positive control drug (itraconazole) against Candida 

species after 24 and 48 hours of incubation. All values were 

expressed as mean of inhibition zone (n= 3) +/- standard 

error, SD of triplicate experiments. 

Based on Table 6, the mean reading of inhibition zone 

following the treatment with extracts at concentration of 

100mg/mL (1X), showed negative results for each extract 

product as there was absence of inhibition zone following 

24 and 48 hours of incubation. The positive control drug 

(itraconazole) showed inhibition zone with mean reading 

of 1.73cm. For Table 7, the mean reading of inhibition zone 

at concentration of 500mg/mL (5X), showed positive 

results as there was presence of inhibition zone after 24 and 

48 hours of incubation. The positive control drug produced 

the largest zone of inhibition with mean reading of 1.57cm, 

followed by ethanolic extract of fruit (1.30cm), ethanolic 

extract of leaf (0.87cm), aqueous extract of fruit (0.73cm), 

and aqueous extract of leaf (0.67cm). For Table 8, it also 

showed positive results as the positive control drug 

produced the largest inhibition zone with mean reading of 

1.53cm, followed by ethanolic extract of fruit (1.43cm), 

ethanolic extract of leaf (0.97cm), aqueous extract of fruit 

(0.73cm), and aqueous extract of leaf (0.70cm).  

The mean zone of inhibition was significantly different 

for each type of plant extracts with different dilution extract 

concentration. The by selecting the drug disc that contained 

the lowest concentration of dilution of Averrhoa bilimbi 

fruits and leaves from both aqueous and ethanolic extracts 

that still showed a zone of inhibition around it as it was 

considered to be the MIC. 

The ethanolic extracts of A. bilimbi fruits and leaves 

produced larger inhibition zone compared to the aqueous 

extracts. For ethanolic extracts, fruit extracts produced 

larger inhibition compared to leaves extracts. Same results 

manifested by the aqueous extracts where fruit extracts 

produced larger inhibition zone compared to leaf extracts. 

This concluded that fruit extracts had better antifungal 

activity compared to leaf extracts.  

Figure 2 shows a graph representing the relationship 

between different concentration of extracts against the 

mean reading of inhibition zone after 24 and 48 hours 

incubation period. As the concentration of the dilution of 

extracts increased, the diameter of inhibition zone around 

the disc became larger. This result applied onto each fruits 

and leaves extract of both aqueous and ethanolic extraction. 

Ethanolic fruit extracts at 1000mg/mL (10X) produced 

larger of inhibition zone with mean reading of 1.43mm 

compare to ethanolic extract of leaf (0.97mm), aqueous 

extract of fruit (0.73mm) and aqueous extract of leaf 

(0.7mm). Meanwhile, at concentration 500mg/mL (5X), 

ethanolic extracts of fruit produced the largest inhibition 

zone with mean reading of 1.3mm, followed by ethanolic 

extract of leaf (0.87mm), aqueous extract of fruit (0.73mm) 

and aqueous extract of leaf (0.67mm). At 1X (100mg/mL) 

concentration, there was absence of inhibition zone 

observed around the disc of both aqueous and ethanolic 

extraction of the fruit and leaf extracts. For the positive 

control disc (itraconazole, 100mg/mL), it showed an 

inhibition zone with mean reading of 1.73mm, 1.57mm, 

and 1.53mm respectively. For the negative control disc 

(sterile distilled water), there was absence of inhibition 

zone. 
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Since the reading of inhibition zone was not differed 

at all even after 24 hours incubation and after 48 hours 

incubation, it can be said that both A. bilimbi fruits and 

leaves had either fungistatic or fungicidal property against 

Candida species as a preliminary finding assumption. This 

assumption was due to failure of Candida to grow after 

being incubated for more than 24 hours. However, further 

study needed to be done to confirm this preliminary finding.  

Based on the ANOVA analysis, the statistical 

difference values between different concentrations of plant 

extracts and mean reading of inhibition zone were 

significant as P=0.001, which (P<0.05). As the 

concentration become higher, the mean reading of 

inhibition zone will became larger. The MIC value was set 

at 500mg/kg for the extraction of A. bilimbi as it was the 

lowest concentration of extracts dilution which produced 

an inhibition zone. 

 
DISCUSSION 

 

Nowadays, utilization of plants or herbs as a natural 

source for curing diseases had drawn attention of many 

researchers and scientists. This was due to the discovery of 

bioactive compound found within the extracts which 

granting them with antimicrobial properties. Many 

compounds have been isolated from the natural sources and 

applied into clinical medical practice. Among the natural 

resources, different parts of plants and herbs have been 

widely studied for the discovery of its antimicrobial 

activity. In this study, Averrhoa bilimbi plant was selected 

due to its past reputation as an excellent choice used for 

folk medicine since the immemorial times (Alhassan and 

Ahmed, 2016). There was no study has been reported on 

the antifungal activity particularly from the fruit extracts. 

Therefore, in vitro study was done to investigate the 

potential antifungal activity of both Averrhoa bilimbi fruits 

and leaves extract to be used for medicinal purpose in 

treating fungal infection.  

Physical examination, complete blood count and 

serum biochemistry were conducted to screen the health 

condition of the cats. Only cats that immune defenses are 

compromised were selected for fungal isolation. Candida 

species are commensal and commonly resides in the 

mucosal tissue. When the animal is having immune-

compromised, the Candida can become pathogenic and 

often causing candidiasis (Naglik et al., 2008). 

Based on the result and data obtained, the ethanolic 

extraction product from both fruits and leaves part of 

Averrhoa bilimbi plant yielded higher percentage of 

extraction efficiency and larger inhibition zone compared 

to the aqueous extraction product at their respective 

concentration. This could be due to several factors. Firstly, 

the difference in term of solvent polarity between water and 

ethanol solution used during the extraction process would 

affect the ability of solvents to pull out the plant bioactive 

constituents. Solvents with low viscosity such as ethanol 

had low density and high diffusivity which allows them to 

easily diffuse into the pores of the plant materials to leach 

out more of the chemical components compared to water 

(Nazck and Shahidi, 2006). Therefore, ethanol could yield 

greater number of bioactive compounds from the plant 

compared to water. Secondly, this also might be attributed 

to the synergistic effect of ethanol solution together with 

the plant extracts as it was reported to have a mild 

antifungal property which results in inhibiting the fungal 

growth (Sequeira et al., 2016).  

Initial screening of potential antifungal compounds 

from plants can be performed with either pure substances 

or crude extracts. In comparison, the antifungal effect of 

control drug (itraconazole) was stronger as it produces 

larger inhibition zone compared to the tested extracts. This 

was due to its pure chemical composition of the drug 

compare to the mixed chemical composition within the 

crude extracts. Although the inhibition zone around the disc 

infused with different plant extracts was smaller compare 

to itraconazole, but still it indicates positive results for 

evidence of antifungal activity. Pertaining to this finding, 

there is a potential for further study and research for the 

development of new antifungal medication. Isolation, 

identification, and determination of bioactive compounds 

from Averrhoa bilimbi plant extracts were required 

intensively involving animal and clinical studies as it would 

help us in facing the emergence of antifungal resistance, and 

thus providing a safer option for antifungal medication with 

less or none side effects. Also, it would help to unravel the 

true potential of this Averrhoa bilimbi plant.     

During the experiment, the MHA media plate was 

purposely incubated for 24 and 48 hours in order to 

determine the inhibitory action of each extracts. Since the 

reading of inhibition zone was not differed at all even after 

24 hours incubation and after 48 hours incubation, it can be 

said that both Averrhoa bilimbi fruits and leaves had 

fungicidal property against Candida species as a 

preliminary finding assumption. This assumption was 

made because of the inhibitory action which failed the 

Candida to grow after being incubated for more than 24 

hours (Barani et al., 2014; Supreetha, 2010). As for that 

reason, further study needed to be done to confirm this 

preliminary finding.  

Many plants have been reported to contain 

antimicrobial agent especially antifungal property as these 

compounds were the main factors for the plant’s 

therapeutic effect. Therefore, further studies involving the 

isolation, identification, and determination of bioactive 

compounds from Averrhoa bilimbi extracts were required 

intensively involving animal and clinical studies as it 

would help us in facing the emergence of antifungal 

resistance. Also, it would help to unravel the true potential 

of this plant.    

The ability of both fruit and leaf extracts of Averrhoa 

bilimbi to exhibit the antifungal activity against Candida 

species was due to the presence of phytochemical 

compounds. Phytochemical compounds were plant 

secondary metabolites that were present in all plant species. 

It did not directly involved in plant growth and 

reproduction; however, their presence was very important 

in the plant defense systems against bacteria, fungus, virus, 

and free radicals. The previous study on the preliminary 

phytochemical screening on the fruit and leaf extracts was 

conducted by Kumar et al. (2013) revealed that there was 

presence of phenols, saponins, flavanoids, tannins, 

alkaloids and triterpenoid. Besides, the antifungal effect of 

the fruit and leaf extracts could be associated with presence 

of phenols, flavanoids, tannins and alkaloids compounds. 

For example, flavanoids are known antimicrobial agent 

through its action by inhibiting the synthesis nucleic acid, 
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inhibition of normal cellular membrane function, and 

disrupt the normal cellular energy metabolism 

(Meragelman et al., 2005; Friedman, 2007; Orhan et al., 

2010). Phenols represent a large group of compounds that 

have been reported to possess wide range of biological 

activities including antimicrobial property (Nitiema et al., 

2012). Meanwhile, the antimicrobial activity possessed by 

tannins compound was contributed through the growth 

inhibition of microorganisms by precipitating microbial 

protein in the cell, and thus depriving the microbial protein 

needed for their growth and development (Sisti et al., 2008; 

Morey et al., 2016). This could explain the antifungal 

activity of both aqueous and ethanolic extracts of A. bilimbi 

fruits and leaves. 

 

Conclusions 

As a conclusion, both Averrhoa bilimbi fruits and 

leaves extraction do have an antifungal activity against the 

pathogenic Candida species. It is proven that the fruit 

extracts possesses better antifungal activity as it produces 

larger inhibition zone compare to the leaf extracts. Presence 

of phenols, flavanoids, saponins, and tannins compound 

within the extract products are the most important factors 

that affect the antifungal activity of Averrhoa bilimbi fruits 

and leaves extracts. 
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