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ABSTRACT

Objective: This study was aimed to examine antifungal activity of cabbage leaf extracts against Candida albicans, to determine the minimum inhibitory 
concentration (MIC), to analyze the comparative value of the extracts with ketoconazole, and to study the fastest contact time to eliminate C. albicans.

Methods: The extraction of fresh cabbage leaf was done using the maceration method. The antifungal activity test and its comparative analysis against 
ketoconazole were assessed using the agar diffusion method. The extracts were tested for determining MIC value using solid medium, while the fastest 
contact time test was performed using turbidimetric method.

Results: Based on its inhibitory diameter, cabbage leaf extracts gave potent antifungal activity against C. albicans. The MIC of the cabbage leaf extract 
was between range 1.50% to 1.75%. A comparative analysis of the extracts with ketoconazole showed that ketoconazole gave greater antifungal 
activity than the extract at the same concentration. Cabbage leaf extract with concentration 2.5% gave the fastest contact time (2.5 minutes) for 
eliminating C. albicans, while cabbage leaf extract with concentration 0.4% gave the longest contact time (15 minutes) for eliminating C. albicans.

Conclusion: Cabbage leaf extract has a potential antifungal activity against C. albicans and prospective to be developed as a topical herbal medicine 
for treating candidiasis.
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INTRODUCTION

Leukorrhea or flour albus or vaginal discharge was a symptom related 
to female genital disorders. It was white, yellowish-white, or gray 
color excessive fluid that discharges from vagina and sometimes 
smells offensive. Normally, women from all ages can have flour albus, 
but it could not be taken lightly, because this could lead to dangerous 
diseases. There are many causes of vaginal discharge (flour albus), it 
could be non-pathogen or pathogen condition. Pathologically, it might 
be caused by bacteria, fungus, virus, or parasite infection [1-3].

Flour albus that caused by bacteria could be treated by antibiotic; 
however, antibiotic consumption in a long term could be decreased 
vaginal normal flora, and in this condition, the fungus could grow in that 
area. Candida sp. was reported to be the most widely fungus that could 
be found at vaginal discharged, and from a hundred species of Candida 
sp  that isolated from this discharge, 50-60% was Candida albicans [1].

Candidiasis is a fungal infection caused by yeasts that belong to the genus 
Candida. There are over 20 species of Candida yeasts that can cause 
infection in humans, the most common of which is C. albicans. Candida 
yeasts normally reside in the intestinal tract and can be found on mucous 
membranes and skin without causing infection; however, overgrowth of 
these organisms can cause symptoms to develop. Symptoms of candidiasis 
vary depending on the area of the body that is infected [3]. Patients with 
impaired immunity, such as those who have AIDS or are neutropenic as 
a result of cancer therapy, are at particular risk of developing C. albicans 
infections, which may become systemic [4-7].

Successful therapy for serious systemic Candida infections requires 
initiation of antifungal therapy as early as possible, as soon as adequate 
culture results are obtained [7,8]. Different classes of antifungals 
are now available to manage any type of Candida infection. Azoles, 
fluconazole in particular have become the mainstay of therapy over the 
past few years. Azoles inhibit the cytochrome P450 enzyme 14-α-sterol-

demethylase. This enzyme is implicated in the biosynthetic pathway of 
ergosterol, which is an essential molecule of the fungal cell membrane. 
Inhibition of this enzyme leads to accumulation of 14-a-methylsterols 
on the fungal surface, which results in the arrest of fungal growth [9]. 
However, it had been reported that C. albicans was resistant against 
azole drugs so that it was necessary to seek the new drugs that were 
effective to treat candidiasis [2,10-12].

White cabbage (Brassica oleracea var. capitata alba) is a cruciferous 
vegetable used worldwide as a food and in traditional medicine. People 
had been using cabbage leaf to treat flour albus. Conventionally, people 
boiled cabbage leaf, and the boiling water was used to wash the vagina, 
and it could reduce itchiness that caused by Candida infection [13-15].

This study was aimed to determine antifungal activity, and minimum 
inhibitory concentration (MIC) from cabbage leaf extract against 
C. albicans, to analyze the comparative value of the extracts with 
ketoconazole, and to study  the fastest contact time for cabbage leaf 
extract to eliminate C. albicans.

MATERIALS AND METHODS

Materials
The fresh cabbage leaf was obtained from cabbage leaf plantation in 
Lembang, West Java, Indonesia, and submitted to Plant Taxonomy 
Laboratory, Department of Biology, Universitas Padjadjaran for 
authentication. C. albicans ATCC 10231 and sabouraud dextrose agar 
(SDA) were obtained from Oxoid, Tokyo, Japan. Dimethyl sulfoxide 
(DMSO)and toluene were analytical grade and were produced by 
Merck, Germany; Ketoconazole was made by PT. Kimia Farma Jakarta, 
Indonesia.

Preparation of extracts
The fresh cabbage leaf that obtained from vegetables plantation in 
Lembang, West Java, and the plants was determined at Plant Taxonomy 
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Laboratory, Department of Biology, Universitas Padjadjaran. The fresh 
cabbage leaf was cut into small pieces and then macerated using ethanol 
70% as a solvent, for 3×24 hrs, and the solvent was replaced every 
24 hrs. The liquid cabbage leaf extract was collected, and the solvent was 
evaporated using rotary evaporator to obtain thick cabbage leaf extract.

Antifungal activity test of cabbage leaf extract against C. albicans
Antifungal activity from cabbage leaf extract against C. albicans was 
examined using agar diffusion method. SDA was used as a medium for 
C. albicans. SDA (65 g) was suspended with one liter purified water 
and then heated with frequent agitation and boiled for 1 minute to 
completely dissolve the medium. SDA medium was sterilized in the 
autoclave at 121°C for 15 minutes, and then, let it cool to 45-50°C. 
C. albicans was added into the SDA medium and then poured the mixture 
of SDA medium and C. albicans  into petri dishes. Sterile filter paper discs 
(about 6 mm in diameter) were impregnated with 10 μl of cabbage leaf 
extracts with concentration 20%, 40%, 60% dan 80% in DMSO. The 
above 4 discs were applied into the mixture SDA medium C. albicans and 
then incubated at 37°C for up to 48 hrs. When growth took place, the 
size of zones of inhibition was measured for each antifungal agent [16].

Determination of MIC
Cabbage leaf extract was diluted with SDA medium to obtain cabbage 
leaf extract concentration 10; 5; 2.5; 2.25; 2; 1.75; 1.5; 1.25; 1; 0.5; and 
0.25%, then 5 ml of each mixture were poured into petri dishes. Allow 
the agar to set and then dry the surface of the plates. The C. albicans 
inoculant (5 µl) was applied to the plates using spreader. Then, let the 
petri dishes at 37°C for up to 48 hrs incubation. The growth of C. albicans 
colonies was observed. MICs of cabbage leaf extract are defined as the 
lowest concentration of cabbage leaf extract that will inhibit the visible 
growth of C. albicans colonies [16-18].

Antifungal activity ratio against C. albicans of cabbage leaf extract 
compared to ketoconazole
Antifungal activity ratio from cabbage leaf extract against C. albicans 
compared to ketoconazole was also examined using agar diffusion 
method. SDA medium was sterilized in the autoclave at 121°C for 
15 minutes, and then, let it cool to 45-50°C, added with C. albicans and 
poured into petri dishes. Sterile disks were impregnated with 10 µl of 
cabbage leaf extracts or ketoconazole with various concentrations in 
DMSO. The diameter of bacterial growth inhibition zone was measured 
by calipers and then plotted as an ordinate (Y) at the graphic and the 
axis (X) was the log of extracts concentration. Based on the graphic, the 
linear equations for both cabbage leaf extract and ketoconazole were 
determined. The comparison of antifungal activity from cabbage leaf 
extract and ketoconazole was calculated using this equation [16].

Determination of the contact time for cabbage leaf extract to 
eliminate C. albicans
The contact time of the cabbages extract to kill or eliminate C. albicans 
was determined using turbidimetric method. Cabbage leaf extract was 
diluted in DMSO to form concentration 1.75; 2; 2.25; 2.5; and 3% b/v. 
Let the C. albicans inoculant contact with each cabbage leaf extract 
concentration at the various time from 2.5 to 15 minutes. The inoculants 
then were added into liquid medium consisting broth and dextrose. 
Then, let the mixture at 37°C for up to 18-24 hrs incubation. The growth 
of C. albicans in the liquid medium was observed and compared with 
positive control (C. albicans inoculant added into liquid medium) and 
negative control (liquid medium only) [16].

RESULTS AND DISCUSSION

Preparation of extracts
Based on the result of the determination of the plant, the plant material 
was from B. oleracea var. Capitata alba, Family Brassicaceae. The 
rendemen of fresh cabbage leaf extract that obtained from maceration 
method with ethanol 70% as a solvent was 5.54%. The amount of 
the extract is small, because the material plants that we used in this 
experiment was fresh cabbage that still contains a large amount of 
water.  The water content of the thick cabbage leaf extract was 16.6%.

Antifungal activity test of cabbage leaf extract against C. albicans
The cabbage leaf extract at the concentration 20%, 40%, 60%, and 
80% has antifungal activity against C. albicans. The higher cabbage leaf 
extract concentrations yielded bigger diameter of inhibition against 
C. albicans. Table 1 shows the diameter of inhibition zone from various 
concentrations of cabbage leaf extract from day 1 to day 4.

Determination of MIC of cabbage leaf extract
MICs of cabbage extract are defined as the lowest concentration of 
cabbage leaf extract that will inhibit the visible growth of C. albicans 
colonies. The MIC test in this experiment was carried out using solid 
method. The concentration of cabbage leaf extract for this MIC test was 
in range 0.25-10%. The C. albicans inoculant was spreaded at the top of 
the mixture of SDA medium and various concentration of cabbage leaf 
extract. Table 2 shows the results of observation of C. albicans growth 
at the mixture of SDA medium and cabbage leaf extract at various 
concentrations.

There was still the growth of C. albicans colony on the SDA medium 
with 1.50% cabbage leaf extract, but there were no sign of C. albicans 
colony on the SDA medium with 1.75%. Based on this data, the MICs 
of cabbage leaf extract against C. albicans were between concentration 
range 1.50-1.75%.

Antifungal activity ratio against C. albicans of cabbage leaf extract 
compared to ketoconazole
The comparison test of cabbage leaf extract and ketoconazole antifungal 
activity against C. albicans was carried out to compare the cabbage leaf 
extract with antifungal drugs that had been widely used in the society. 
Ketoconazole is one of the antifungal drugs of choice. Table 3 shows the 
diameter of inhibition zone of ketoconazole against C. albicans. Fig. 1 
shows the effect log of various doses of ketoconazole against diameter 
of inhibition zone of Candida albicans.

The linear equation of ketoconazole antifungal activity from the 
data above was y=1.3 x +19. The diameter of inhibition zone for 
ketoconazole against C. albicans at the dose 400 µg/50 µl or log dose 
2.602, based on the linear equation, was (Y) 22.5 mm. The antifungal 

Table 1: The diameter of inhibition zone of cabbage extract 
against C. albicans

Day Diameter of inhibition zone (mm)

20% 40% 60% 80%
1 0.00 0.00 0.00 0.00
2 16.10 17.10 18.50 20.20
3 16.20 17.20 18.50 20.20
4 16.20 17.20 18.60 20.20
C. albicans: Candida albicans

Table 2: The observation results on C. albicans growth at various 
concentrations of cabbage leaf extract

Concentration of cabbage leaf 
extract (%)

The growth of C. albicans 
colony

0.25 +
0.50 +
1.00 +
1.25 +
1.50 +
1.75 -
2.00 -
2.25 -
2.50 -
5.00 -
10.00 -
“+” means there were colony of Candida albicans on the media, “-” means there 
were no colony of Candida albicans on the media, C. albicans: Candida albicans



41

Special Issue (May)
 Tjitraresmi et al. 

activity of cabbage leaf extract was treated the same as the data of 
antifungal activity of ketoconazole. The linear equation of cabbage 
leaf extract antifungal activity was y=1.183x + 14.92. To produce the 
same diameter of inhibition zone (Y=22.5 mm), this Y value was put in 
cabbage leaf extract linear equation, and the log dose (X) was 6.1961. 
The antilog of 6.1961 was 1570766.32. Hence, the dose of cabbage 
leaf extract that will produce 22.5 mm diameter of inhibition zone 
was 1570766.32 µg/50 µl. Hence, the comparison of the doses from 
ketoconazole and cabbage leaf extract was 1: 3926,9158.

Determination of the contact time for cabbage leaf extract to 
eliminate C. albicans
The contact time was the time period for certain concentration of 
cabbage leaf extract to eliminate C. albicans. Table 4 shows the impact of 
various concentrations of cabbage leaf extract toward the contact time 
to eliminate C. albicans.

Based on the data in Table 4, cabbage extract with concentration 2.5% 
gave the fastest contact time (2.5 minutes) for eliminating C. albicans, 
while cabbage extract with concentration 0.4% gave the longest contact 

time (15 minutes) for eliminating C. albicans.

CONCLUSION

The result of the experiment showed that cabbage extracts with 
concentration 20%, 40%, 60%, and 80% gave antifungal activity; the 
MICs of cabbage extract against C. albicans were between 1.5% and 
1.75%, cabbage extract’s antifungal activity ratio against ketoconazole 
was 1: 3926,9158. Cabbage extract with concentration 2.5% gave the 
fastest contact time (2.5 minutes) for eliminating C. albicans, while 
cabbage extract with concentration 0.4% gave the longest contact time 
(15 minutes) for eliminating C. albicans. From the results above from 
this experiment, cabbage leaf extract has a potential antifungal activity 
against C. albicans and prospective to be developed as a topical herbal 
medicine for treating candidiasis.

REFERENCES

1. Wozniak KL, Wormley FL Jr, Fidel PL Jr. Candida-specific antibodies 
during experimental vaginal candidiasis in mice. Infect Immun 
2002;70(10):5790-9.

2. Ryley JF, Wilson RG, Barrett-Bee KJ. Azole resistance in Candida 
albicans. Sabouraudia 1984;22(1):53-63.

3. McCullough MJ, Ross BC, Reade PC. Candida albicans: A review of 
its history, taxonomy, epidemiology, virulence attributes, and methods 
of strain differentiation. Int J Oral Maxillofac Surg 1996;25(1):136-44.

4. Barchiesi F, Morbiducci V, Ancarani F, Scalise G. Emergence of 
oropharyngeal candidiasis caused by non-albicans species of Candida 
in HIV-infected patients. Eur J Epidemiol 1993;9(4):455-6.

5. Powderly WG, Robinson K, Keath EJ. Molecular epidemiology 
of recurrent oral candidiasis in human immunodeficiency virus-
positive patients: Evidence for two patterns of recurrence. J Infect Dis 
1993;168(2):463-6.

6. Vazquez JA. Options for the management of mucosal candidiasis 
in patients with AIDS and HIV infection. Pharmacotherapy 
1999;19(1):76-87.

7. Miyazaki T, Miyazaki Y, Izumikawa K, Kakeya H, Miyakoshi S, 
Bennett JE, et al. Fluconazole treatment is effective against a Candida 
albicans erg3/erg3 mutant in vivo despite in vitro resistance. Antimicrob 
Agents Chemother 2006;50(2):580-6.

8. Sheehan DJ, Hitchcock CA, Sibley CM. Current and emerging azole 
antifungal agents. Clin Microbiol Rev 1999;12(1):40-79.

9. Hiratani T, Yamaguchi H. Cross-resistance of Candida albicans to 
several different families of antifungals with ergosterol biosynthesis-
inhibiting activity. Jpn J Antibiot 1994;47(2):125-8.

10. Naglik JR, Challacombe SJ, Hube B. Candida albicans secreted 
aspartyl proteinases in virulence and pathogenesis. Microbiol Mol Biol 
Rev 2003;67(3):400-28.

11. Ostrosky-Zeichner L, Rex JH, Pappas PG, Hamill RJ, Larsen RA, 
Horowitz HW, et al. Antifungal susceptibility survey of 2,000 
bloodstream Candida isolates in the United States. Antimicrob Agents 
Chemother 2003;47(10):3149-54.

12. Charlier C, Hart E, Lefort A, Ribaud P, Dromer F, Denning DW, et al. 
Fluconazole for the management of invasive candidiasis: Where do we 
stand after 15 years? J Antimicrob Chemother 2006;57(3):384-410.

13. Hu SH, Wang JC, Kung HF, Wang JT, Lee WL, Yang YH. Antimicrobial 
effect of extracts of cruciferous vegetables. Kaohsiung J Med Sci 
2004;20(12):591-9.

14. Suryani Y. The Utilization Of Lactic Acid Bacteria In Sauerkraut 
Fermentation As the Alternative for Preservation And Cabbage 
Processing (Brassica oleracea var capitata f. Alba). Master Theses. 
Bogor: IPB; 2004.

15. Bhandari SR, Kwak JH. Chemical composition and antioxidant 
activity in different tissues of brassica vegetables. Molecules 
2015;20(1):1228-43.

16. Balouiri M, Moulay S, Saad KI. Methods for in vitro evaluating 
antimicrobial activity: A review. J Pharm Anal 2016;6(2):71-9.

17. Agarwal RK, Gupta S, Mittal G, Khan F, Roy S, Agarwal A. Antifungal 
susceptibility testing of dermatophytes by agar based disk diffusion 
method. J Curr Microbiol Appl Sci 2015;4(3):430-6.

18. Subhas CM, Harsha R, Dinesha R, Thammanna GS. Antibacterial 
activity of Coleus aromaticus leaves. Int J Pharm Sci 2010;2(1):63-6.

Table 3: The diameter of inhibition zone of cabbage extract 
against Candida albicans

Concentration (%) Doses (µg/50 µl) Log of 
dose

Diameter of 
inhibition 
zone (mm)

0.8 400 2.602 24.00
0.6 300 2.477 23.00
0.4 200 2.300 22.00
0.2 100 2.000 20.00
C. albicans: Candida albicans

Table 4: The impact of various concentrations of cabbage leaf 
extract toward the contact time to eliminate C. albicans

Cabbage extract 
concentration (%)

Contact time (minutes)

2.5 5 7.5 10 12.5 15
3.00 - - - - - -
2.75 - - - - - -
2.50 - - - - - -
2.25 + + - - - -
2.00 + + + - - -
1.75 + + + + + +
- = clear, + = muddy because of the growth of Candida albicans, 
C. albicans: Candida albicans

Fig. 1: Graphic of effect log dose of ketoconazole against diameter 
of inhibition zone of Candida albicans


