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Introduction

Candidiasis does not only become a serious health

Abstract: The most of Candida strain in oral candidiasis is nystatin resistance strain.
Hence, it become important to investigate the natural products like red ginger (Zingiber
officinale var. Rubrum) and garlic (Allium sativum) as antifungal against HIV patient-
isolated Candida albicans. This experimental study used two antifungal assays (Disc
diffusion and antibiofilm assay). Both red ginger and garlic extract were extracted by
maceration method. Candida albicans isolate was isolated from a volunteer HIV Patient
with oral candidiasis. The outcomes included the diameter of the inhibition zone and
optical density (OD) that were expressed as mean and standard deviation and analysed
by Kruskal-Walis. This study showed that the highest concentration of both red ginger
(0.67 £ 0.55 mm) and garlic extract (0.67 £ 0.46 mm) had the widest diameter of inhibition
zone. Meanwhile, the highest inhibition of biofilm formation was found in the lowest
concentrations (25%) of red ginger (2.22 + 1.24) and garlic extract (3.65 + 0.24). Any
concentration of red ginger or garlic extract did not significantly affect the antifungal
activity (P-Value: 0.392). Overall, it can be concluded that both red ginger and garlic
extract at any concentration showed a weak antifungal activity against HIV patient-
isolated Candida albicans strain.
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imbalance, and both quantity and quality of saliva.
Meanwhile, the systemic factors include
immunosuppressive diseases, chemotherapy, and

burden in some countries but also a national health
burden. Kemal et al. (2017) also reported that the rate of
invasive candidiasis in Ciptomangunkusumo General
Hospital was 12.3%. Another study by Yusri et al. (2012)
in Adam Malik General Hospital reported a similar
result. Yusri et al. (2012) reported that there were 109
patients out of 309 total patients (35.28%) suffer from
Vulvovaginal candidiasis as the most common
opportunistic infection (Kalista et al., 2017; Ratha, 2019).
Some risk factors reported to affect the incidence of
candidiasis to become opportunistic, including local or
systemic factors. Local factors include dentures,
smoking, inhaled steroids, hyperkeratosis, microflora
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immunodeficiency diseases (Sadeghi et al., 2020).

Some drugs have been used to treat candidiasis;
the most common is nystatin. Nystatin is an active
polyene macrolide with pharmaceuticals such as oral
suspension, topical cream, and oral pastille. However,
this drug has some inconvenient adverse drug effects,
including nausea, vomiting, diarrhoea, and mildly
irritation for topical pharmaceutical. Ironically, Paula et
al. (2015) also found five Candida albicans isolates with
nystatin resistance activity in HIV-infected patients in
Londrina-PR, Brazil. Due to this reason, it has become
important to look for newer antifungal compounds with
fewer adverse drug effects and higher efficacy. Some
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studies have looked for natural products potentially
acting as a newer natural antifungal drug. Some of these
natural products were garlic and red ginger (de Paula et
al., 2015).

The community has widely used garlic (Allium
sativum) as an herb. Previous studies have reported that
garlic extract has pharmacological properties, including
anti-inflammatory, anti-diabetic, antibacterial,
antifungal, antioxidant, and antiprotozoal. These
pharmacology properties are due to the sulfur-contain
phytochemicals, including allicin, diallyl disulfide, and
diallyl trisulfide. Allicin is an organosulfur compound
with characterised and pungent odour with
antimicrobial activity. Furthermore, Ayesha et al. (2022)
reported that garlic had an anti-biofilm formation for
Candida albicans with MIC of 12.5 g/ ml (Fahim et al,,
2022; Rahmatika & Oktaria, 2021; Zainal et al., 2021).

Another local natural product widely studied is
red ginger or Zingiber officinale var. Rubrum). It has
higher essential oil (3.9%) and oleoresin (7-10%) levels
than other ginger type. Both essential oil and oleoresin
have antibacterial activity, inhibiting cell wall formation
(Zainal et al., 2021). Khalaf et al. (2020) reported that
ginger alcoholic extract had potential antifungal activity
against Candida albicans. The concentration of 50 mg/ ml,
100 mg/ ml, and 150 mg/ ml of ginger alcoholic extract
form 18 mm, 21 mm, and 25 mm rates of inhibition zone,
respectively (Khalaf et al., 2020). Another study by
Suraini et al. (2021) reported that ginger and Curcuma
infusion also inhibited the growth of Candida albicans
at a concentration of 100% (Suraini & Putri, 2018).
Interestingly, some studies also reported that white
ginger has antifungal activity against Candida albicans
and antibacterial activity against Pseudomonas aeruginosa
(Kasetty et al., 2021).

Based on the information above, it becomes
important to investigate the antifungal activity from red
ginger (Zingiber officinale var. Rubrum) and garlic (Allium
sativum) against Candida albicans that was isolated from
an immunosuppressive patient especially HIV patients,
by antibiofilm and disc diffusion methods. When the
nystatin-resistance Candida albicans was high in
community.

Method

This experimental study used two methods: disc
diffusion and antibiofilm. This study was performed in
Microbiology and Integrated Laboratory, Universitas
Sumatera Utara, Medan, from June 2023 to July 2023.
Research procedure is also described in Figure 1.

This study used some materials, including red
ginger, garlicc 96% ethanol, HIV Patient-isolated
Candida albicans strain, sterile distilled water, normal
saline, phenol cotton blue staining, KOH solution, 10%
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DMSO solution, SDA (Sabouroud Dextrose Agar), and
SDB (Sabouroud Dextrose Broth).

HIV-Patient with Oral Candidiasis
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Figure 1. Research flow

Both red ginger and garlic were cleaned and
washed under running water. Then, red ginger and
garlic were peeled and cut into small pieces. After that,
these red ginger and garlic were dried without sunlight
exposure, and these dried red ginger and garlic meshed
into simplicial powder. Both simplicial powders were
extracted by maceration method. Five hundred grams of
red ginger and garlic were soaked into 1,500 millilitres
of 96% ethanol solution for 3 days and stirred regularly
twelve times, fifteen minutes each time. Then, it was
filtered, and a rotary evaporator evaporated the filtrate
until it formed a concentrated extract (Chiuman, 2019).

This study used two different extracts that were
red ginger and garlic. Both concentrated extracts were
diluted into four variation concentrations, which were
100%, 75%, 50%, and 35%. Amounts of 1.00 gram, 0.75
gram, 0.50 gram, and 0.25 gram of concentrated extract
were diluted into 100 millilitres of 10% DMSO to form
concentrations of 100%, 75%, 50%, and 35%, respectively
(Gulo et al., 2021; Suhartomi et al., 2020).

Preparation of media was performed based on
SDA and SDB manufacturer’s instructions. SDA and
SDB media were made by dissolving 65 grams of SDA
powder and 30 grams of SDB powder into a litre of
distilled water, then heating and stirring with a magnetic
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stirrer until completely dissolved. After that, these
media were sterilised by autoclave at a temperature of
1210C and a pressure of 1.5 atm for 15 minutes
(Chiuman et al., 2023; Kaul et al., 2020).

Candida albicans isolate was obtained from a
volunteer HIV patient with oral candidiasis. After that,
a cotton swab was swabbed into a white-coated
membrane in the oral cavity, and this cotton swab was
sterilely delivered to Microbiology and Integrated
Laboratory, Universitas Sumatera Utara, Medan to
undergo enrichment, multilevel dilution, and
purification by quadrant streak plate method. Thus, it
resulted in the HIV patient-isolated Candida albicans
isolates in SBA Media (Harijani et al., 2013; Irza et al,,
2021).

The obtained Candida albicans isolates in SBA
media were initially identified by KOH and phenol
cotton blue staining under a microscope. After the
isolation was confirmed, the isolate was suspended in
SDB media and chilled at room temperature for 18-24
hours. After that, this suspension was vortex until it was
cloudy and determined the absorbance at 625 nm
wavelength. This study required a suspension with 0.5
McFarland standard, equal to absorbance of 0.08-0.13
and indicated an enumeration of Candida albicans
colony was 1.0 x 106 CFU/ ml (Mutia et al., 2021).

Disc diffusion assay was performed by streaking
the HIV patients-isolated Candida albicans suspension
into the surface of SDA media with a sterile cotton swab.
All  disc papers were diffused into various
concentrations, positive control (nystatin) and negative
control (distilled water). These disc papers were placed
on the surface of SDA. Finally, all Petri dishes were
incubated at 300C for 24 hours, and the inhibition zone
was measured by a calliper (Chiuman et al., 2023; Mutia
etal., 2021).

Biofilm formation assay used Microtiter Plate
Biofilm Assay methods in microplate flexible U-bottom
PVC 96-well. Ten microlitres of all concentrations of red
ginger and garlic extract, negative and positive control,
were filled into each column, followed by adding 10 uL
of Candida albicans fungal suspension, and it was
incubated for 24 hours at 370C. After 24 hours, the
microplate was washed thrice with sterile Phosphate
Buffer Saline (PBS). Then, it was added by 200 pL of
methanol for 15 minutes, discarded, and dried. After
that, it was added by 200 pL of 2% crystal violet, waited
for five minutes, washed the microplate with PBS, and
added 200 pL of 33% glacial acetic acid. Finally, the
biofilm formation was measured by spectrophotometry
at a wavelength of 570nm, and it was expressed as an
absorbance or optical density (OD) (Nasution et al.,
2023).

All data were expressed as Mean and standard
deviation for descriptive statistics. After that, the
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diameter of the inhibition zone and optical density (OD)
were analysed by Kruskal-Walis.

Result and Discussion

The antifungal activity of the red ginger extract
against the Candida albicans based on the Disc diffusion
method is described in Table 1.

Table 1. Antifungal Activity of Red Ginger Extract
against the Candida Albicans
Diameter of Inhibition

Conc. Zone, mm  Mean SD P-Value
Ist 2nd 3rd

100% 0.4 0.3 1.3 0.67 055 0.392

75% 0.2 0.3 1.3 0.60 0.61

50% 0.2 0.3 1.2 057 0.55

25% 0.1 0.3 1.0 047 047

Table 1 showed that the widest inhibition zone
was found in 100% of red ginger extract, that was 0.67 +
0.55 mm, followed by 75% of red ginger extract (0.60 +
0.61 mm), 50% of red ginger extract (0.57 £ 0.55 mm), and
the narrowest was 25% of red ginger extract (0.47 + 0.47
mm). Furthermore, the antifungal activity of another
sample, that was garlic extract based on the disc
diffusion method, is described in Table 2.

Table 2. Antifungal Activity of Garlic Extract against the
Candida albicans
Diameter of Inhibition

Conc. Zone, mm Mean SD P-Value
1st 2nd 3rd

100% 0.4 0.4 1.2 0.67 046

75% 0.2 0.4 1.2 0.60 0.53 0.392

50% 0.2 0.3 1.2 057 0.55 ’

25% 0.1 0.3 1.0 047 047

Table 2 showed that the widest inhibition zone
was found in 100% of garlic extract, that was 0.67 + 0.46
mim, followed by 75% of garlic extract (0.60 + 0.53 mm),
50% of garlic extract (0.57 £ 0.55 mm), and the narrowest
was 25% of garlic extract (0.47 + 0.47 mm). On the other
hand, this study also has two control groups, which
were positive and negative groups and the antifungal

activity from these control groups is described in Table
3.

Table 3. Antifungal Activity of Control Groups against
the Candida albicans

Diameter of Inhibition

Groups Zone, mm
Nystatin (Positive Control) 23.8
Distilled Water (Negative Control) 0
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Table 3 showed that both positive and negative
control groups underwent no repetitions. Only the
nystatin was the positive control group that formed of
inhibition zone with a diameter of 23.8 mm. Meanwhile,
the negative group did not form any inhibition zone.
According to these formed inhibition zones, the degree
of antifungal activity was described in Table 4.

Table 4. Degree of Antifungal Activity Based on
Diameter of Inhibition Zone in All Groups

Groups Concentration Anti funga?iiifii%f
100% Weak

Red Ginger 75% Weak
Extract 50% Weak
25% Weak

100% Weak

. 75% Weak
Garlic Extract 50% Weak
25% Weak

Nystatin (Positive Control) Very Potent
Distilled Water (Negative Control) None

Table 4 showed that red ginger and garlic extract
had only weak antifungal activity against HIV patient-
isolated Candida albicans. Meanwhile, the positive
group revealed a very potent antifungal activity as a
positive control group. Furthermore, this study also
evaluated the inhibition of Candida albicans biofilm
formation activity in red ginger extract, described in
Table 5.

Table 5. Inhibition of Candida albicans Biofilm Formation

in Red Ginger Extract
Optical Density (OD)
Conc. 630nm Mean  SD P-Value
Ist 2nd 3rd
100% 1263 1113 1.676 135 0.29
75% 0706 0659 0988 078 0.18 0.392
50% 0632 0554 0902 070 0.18 '
25% 2924 0791 2949 222 124

Table 6. Inhibition of Candida albicans Biofilm Formation
in Garlic Extract

Optical Density (OD)
Conc. 630nm Mean SD P-Value
1st 2nd 3rd
100% 3.605 3.143 3.844 353 0.36
75% 3.087 3.098 3.352 3.18 0.15 0.392
50% 3.298 3.710 3.726 358 0.24 ’
25% 3.423 3.907 3.609 3.65 0.24

Table 5 showed that red ginger extract at the
lowest concentration (25%) showed the highest
OD630nm, which was 222 + 1.24, followed by the
highest concentration (100%) of red ginger extract (1.35
£ 0.29), 75% of red ginger extract (0.78 = 0.18), and the
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lowest OD630nm was revealed by 50% of red ginger
extract (0.70 £ 0.18). Meanwhile, the inhibition of
Candida albicans biofilm formation from garlic extract
was described in Table 6.

Table 6 showed that the highest OD630nm was
found in 25% of garlic extract, which was 3.65 £ 0.24,
followed by a higher concentration (50%) of garlic
extract (3.58 £ 0.24), 100% of garlic extract (3.53 + 0.36),
and the lowest OD630nm was revealed by 75% of garlic
extract (3.18 = 0.15). Furthermore, the inhibition of
Candida albicans biofilm activity from control groups as
the comparison was described in Table 7.

Table 7. Inhibition of Candida albicans Biofilm
Formation in Control Groups
Groups Optical Density (OD) Mean SD
630nm

Ist  2nd 3rd
Nystatin 0.065 0.069  0.081 0.07 0.01
(Positive Control)
Distilled Water 0.081 0.090  0.068 0.08 0.01

(Negative Control)

Table 7 above showed that the OD630nm from the
nystatin group as positive control and distilled water
group as negative control were 0.07 + 0.01 and 0.08 +
0.01, respectively. According to the OD630nm value
above, the degree of inhibition for Candida albicans
biofilm formation in all groups was described in Table 8.

Table 8. Degree of Inhibition for Candida albicans Biofilm
Formation in All Groups

Groups Concentration Degree of Inhibition
100% Weak

. 75% Weak

Red Ginger Extract 500 Weak
25% Weak

100% Weak

. 75% Weak
Garlic Extract 50% Weak
25% Weak

Nystatin (Positive Control) Potent
Distilled Water (Negative Control) Weak

Table 8 above showed that red ginger and garlic
extract at either concentration have weak inhibition
activity for Candida albicans biofilm formation.
Meanwhile, the nystatin as positive control group
showed opposite inhibition activity, potent inhibition
activity for Candida albicans biofilm formation.

The resulting study showed that red ginger and
garlic extract have weak antifungal activity against HIV
patients-isolated Candida albicans. It can be seen from
the diameter of the inhibition zone, which was lower
than the positive group (Nystatin) and higher than the
negative control (distilled water). Furthermore, this
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study also showed that red ginger and garlic inhibited
Candida albicans biofilm formation. However, the
change in extract concentration did not significantly
affect the antifungal or inhibition of biofilm formation,
as seen from P-Value > 0.05 (P-Value: 0.392).

This study used nystatin as a positive control
because this drug has been widely used to treat oral
candidiasis. Dwi et al. (2019) reported that oral nystatin
still has good sensitivity for antifungal in oral
candidiasis cases among the HIV/AIDS patient in RSU
dr. Soetomo. The effective dose of nystatin was reported
at a range of 400,000-600,000 U/ ml four times a day for
7-14 days (Murtiastutik et al., 2019).

Some previous studies also reported a similar
result to a recent study. Rahmawati et al. reported that
25% of n-butanol garlic extract could inhibit Candida
albicans” growth, equal to positive control (Samsudin et
al., 2017). Dubia et al. also reported that garlic ethanol
extract can inhibit the growth of Candida albicans based
on the disc diffusion method. The average inhibition
zone for 100%, 80%, 60%, and 40% of garlic ethanol
extract were 21.40, 18.60 mm, 14.80 mm, and 11.60 mm,
respectively. Moreover, the lowest concentration of
garlic extract (20%) did not show any inhibition zone
(Andayani & Kurniawan, 2014). Another study by
Purify et al. and Indrawaswary et al. reported a weaker
antifungal activity. Purify et al. reported the average
inhibition zone for 25%, 50%, 75%, and 100% of garlic
extract were 0.16 mm, 0.57 mm, 2.33 mm, and 3.04 mm,
respectively. Indaswary et al. reported that the average
inhibition zone for 75% and 100% garlic was 6.56 mm
and 11.15 mm, respectively. The two lowest
concentrations, 25% and 50% of garlic extract, showed
no antifungal activity against the Candida albicans
(Indraswari et al., 2022; Sabila et al., 2019).

The antifungal activity of garlic comes from a
bioactive compound in the garlic extract. Monica et al.
reported that some factor affects the quantity and quality
of bioactive compound in garlic extract, including
temperature, extraction method, solvent properties, size,
and origin of garlic. When the extraction process uses
water solvent, it promotes the antimicrobial activity of
garlic. On the other hand, an alcohol-based solvent,
including methanol and ethanol, promotes garlic’s
antioxidant activity, which is associated with highly
extracted phenolic compounds by alcohol-based
solvent. This antifungal activity in garlic extract was due
to the presence of allicin in garlic extract. Zainal et al.
reported that allicin in garlic extract can inhibit the
formation of Candida albicans and Staphylococcus aureus
biofilm. It can be seen from the MIC and MFC that were
8 mg/ ml and 16 mg/ ml, respectively. Meanwhile, both
MIC and MBC of Staphylococcus aureus were 8 mg/ ml
(Zainal et al., 2021).
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This study also evaluated antifungal activity from
a different sample, red ginger. Some previous studies
have reported antifungal activity from red ginger
against Candida albicans. Aghazadeh et al. reported that
ginger extract has significant antifungal activity in two
fungal species, including Candida albicans and Candida
krusei. It can be seen from P-Value < 0.05 that the ginger
MIC was higher than the fluconazole and nystatin
(Aghazadeh et al.,, 2016). Some factors can affect the
quality of red ginger and the quantity and quality of
phytochemical and essential oil content in red ginger.
These factors include cultivation method, quality of the
cultivation, quality of manure, and harvest method
(Aidin et al., 2016; Ibrahim et al., 2015; Saputri et al.,
2018).

Conclusion

Overall, it can be concluded that both red ginger
and garlic extract have antifungal activity against HIV
patient-isolated ~ Candida  albicans. ~ Changes in
concentration from 25% to 100% from both extracts did
not significantly affect antifungal activity or biofilm
formation (P-Value > 0.05). The inhibition antifungal
assay also showed the weak inhibition of biofilm
formation in Candida albicans.
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