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Candida albicans, naturally a part of a healthy gut and oral microflora, is an
opportunistic pathogen that commonly infects humans. However, current antifungal
agents are made of synthetic drugs that cause varied adverse effects in patients. This
drives efforts to look for natural and safer alternatives to antifungal agents. Fermented
food has been studied for its ability to produce lactic acid bacteria with antimicrobial
properties. This study examined the antifungal activity of lactic acid bacteria isolated
from four traditional Malaysian fermented foods. Pickled chilies, pickled garlic, pickled
maman, and tapai were prepared by using homemade recipes and fermented at 4°C.
Lactic acid bacteria were isolated from the fermented food during a two-week
fermentation on three selective growth agars. During fermentation, bacterial cells were
counted at intervals. Growth trends for pickled garlic and pickled chilies presented an
exponential phase between days 0 — 4, followed by stationary and death phases between
days 8 — 14. Meanwhile, pickled maman and tapai showed continuous growth
throughout the 14 days. Antifungal potential of the lactic acid bacteria was assessed via
dual agar diffusion assay by spotting pickled water of each fermented food on De Man,
Rogosa, Sharpe agar placed above a layer of Sabouraud Dextrose agar with pre-
inoculated C. albicans, followed by measurement of the zone of inhibition. Pickled
maman produced 1.2 £ 0.05 mm inhibition. In conclusion, pickled maman and tapai
produced lactic acid bacteria throughout the two-week fermentation. Based on the dual
agar diffusion, pickled maman showed an antifungal potential against C. albicans.

INTRODUCTION

Candida albicans 1s a

ubiquitous  fungus that

invasive candidiasis [2]. C. albicans also caused 54% of
cases of nosocomial bloodstream infections, the highest
percentage among Candida species [3]. Candida species are

asymptomatically lives in the gastrointestinal flora, oral or
vaginal mucosa of healthy persons. During circumstances
that compromise the host immune defenses, this fungal
species may undergo a phase transition to become
pathogenic. C. albicans is the most prevalent cause of both
superficial and systemic candidiasis. Candida infections
such as oral candidiasis and vulvovaginal candidiasis are
mainly superficial, but they can be severe and life-
threatening among immunocompromised individuals such as
HIV/AIDS and cancer patients, neonates, and the elderly [1].
C. albicans is the most common Candida species causing

major pathogenic fungi that raise clinical concerns due to
their serious effects and high mortality rate in humans.
There have been many studies done to develop antifungal
agents that can be used to treat Candida infections.
Commonly used antifungal agents are classified into five
groups (azoles, polyenes, echinocandins, pyrimidine
analogues and allylamines) with different spectrum of
activity and mechanism of actions [4-5]. However, these
drugs can cause both mild and severe adverse effects in
treated patients [6—7]. Severe side effects of amphotericin B
such as hepatotoxicity and nephrotoxicity, may increase the
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risk of death [8]. Therefore, more efforts are carried out to
explore natural resources that are safer to use, inexpensive,
and possess antifungal activity against Candida species.
Tropical countries such as Malaysia are rich with natural
ingredients, ranging from cereals, edible plants, marine and
dairy products. Fresh food such as fruits and vegetables are
available in abundance and accessible, but they are also
easily perishable. Humans have been preparing and
consuming fermented foods for centuries. Fermented foods
are originally produced to preserve food during seasonal
changes, but they also render other desirable qualities [9].
They have unique tastes, appearances, textures, and
functions as compared to their raw, fresh ingredients. Lactic
acid fermentation prolongs shelf life of perishable food and
enhances their nutritional values. Many lactic acid bacteria
including Lactobacillus plantarum, L. pentosus, L. casei, and
L. brevis that are potential sources of probiotics can be found
in fermented foods [10]. Widely studied for their probiotic
potential, Lactobacillus species have also been found to
show antifungal activity against pathogenic Candida species
[11-13]. Probiotic foods are generally consumed to improve
human natural microbiome and to be used in treating some
medical conditions such as diarrhea [14]. Consumption of
probiotic bacteria is believed to provide protection against
pathogenic bacteria and yeasts. In this study, we examined
four types of Malaysian traditional fermented food for their
ability to produce lactic acid bacteria that have antifungal
potential against human fungal pathogen C. albicans.

MATERIALS AND METHODS
Materials

De Man, Rogosa, Sharpe (MRS) broth was purchased from
Formedium (Norfolk, United Kingdom). Sabouraud
Dextrose Agar (SDA) was purchased from Merck KGaA
(Darmstadt, Germany). Peptone bacteriological and dextrose
bacteriological grade were purchased from Oxoid (United
Kingdom). Agar-agar powder and calcium carbonate were
purchased from QReC and Bendosen, respectively.

The ingredients to prepare fermented food were
purchased at a supermarket in Kuantan, Pahang, Malaysia.
The maman plants were purchased from a local wet market
in Kuantan. The C. albicans strain used in this study was
obtained from the microbial collections of Faculty of
Industrial Sciences and Technology, Universiti Malaysia
Pahang.

Preparation of Fermented Food Sources

Four different traditional food sources were prepared and
fermented in homemade style by using standard recipes
obtained from local sellers. The selected fermented foods
were pickled maman, fermented glutinous rice (fapai),
pickled garlics and pickled chilies.

Preparation of Pickled Maman

Pickled maman was prepared by using fresh ingredients
including young leaves, stem, and shoots of maman plant
(scientific name: Cleome gynandra), salt, filtered water, and
cold cooked rice. First, the young maman shoots were cut
into small parts, washed, and drained. The maman shoots
were hand massaged with coarse salt until the leaves
softened. Then, the softened maman shoots were put into a
tight-lidded container and added with filtered water until the
water covered all shoots. Fine salt and a small amount of cold
cooked rice were added to the container and properly mixed.
The container was tightly covered and kept at a cool place
for 24 h. For the following three days, the concoction was
thoroughly mixed and checked for sourness and saltiness for
each day. After the third day, the concoction was continued
to ferment at 4°C.

Preparation of Tapai

In preparing tapai, glutinous rice was washed and soaked for
12 h, then steamed until cooked. The steamed glutinous rice
was mixed with a half glass of water. The glutinous rice was
steamed again until the added water was thoroughly
absorbed into rice, followed by cooling down the glutinous
rice. A starter culture cake (also known as ragi tapai) was
crumbled into small pieces and sieved through coffee filter.
The ragi was thoroughly mixed into the glutinous rice. Then,
the rice mixture was put into container and allowed to
ferment at room temperature for two days. Afterwards, the
fermentation process was continued at 4°C.

Preparation of Pickled Garlics

Pickled garlics were prepared by washing garlic bulbs
without removing the outer peels, and steamed for 20 min.
Water, salt, sugar, and vinegar were mixed in a separate pot
and cooked until boiling. The steamed garlic bulbs were
added to the boiling mixture and left to boil for 5 min. The
bulbs were cooled down at room temperature and put into a
tightly closed container. The pickled garlics were kept
fermented at 4°C.

Preparation of Pickled Chilies

Pickled chilies were prepared by washing chilies, tossed dry,
and cut into small pieces. The chilies were put into a glass
jar and added with sugar and salt. Vinegar was added until
all chili pieces were fully submerged. Afterwards, the jar was
tightly closed and continued to ferment at 4°C.

Isolation of Lactic Acid Bacteria from Fermented Food
Sources

Lactic acid bacteria were isolated from different fermented
food sources by adapting techniques by Bulgasem et al. [11].
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Approximately 10 g of each fermented food was mixed in 90
ml peptone water (0.1% w/v) in sterile tubes, and they were
manually agitated. Then, 1 ml of the mixtures was added into
9 ml of MRS broth and incubated at 30°C for 24-48 h,
followed by serial dilution with peptone water (0.1% w/v).
Afterwards, 0.1 ml of the dilutions was separately spread
plated on MRS agar, MRS agar with 0.8% calcium carbonate
(CaCO0:s3), and MRS agar with 1% glucose. The plates were
incubated anaerobically at 37°C for 24-48 h until the
colonies grew sizably.

Culturing of Candida Strain

The Candida strain was grown and maintained on SDA agar
at 4°C until further usage.

Dual Agar Overlay Assay against C. albicans

C. albicans (10" CFU/mL) was first inoculated on the surface
of SDA and incubated at 25°C for 24 h. A layer of MRS agar
(15% agar) was prepared, left until slightly warm and poured
gently on top of the SDA layer with the pre-inoculated C.
albicans. After the MRS agar layer had set, ten microliters
of pickled water from each of the four fermented food were
spotted onto the overlaid MRS agar. For negative control,
sterile peptone water was used.

After 48-h aerobic incubation at 25°C, the inhibition zone
diameter (IZD) around the colony diameter of the spots of
pickled waters (CD) was observed and measured by using a
ruler. The GIA (growth inhibitory activity) was calculated as
the following equation:

GIA (in mm) = Z2=2)

The GIA was recorded based on a GIA grading system [13]
as shown in Table 1. All tests were repeated in duplicate, and
the data were represented as mean + standard deviation.

Table 1. GIA grading system

Growth inhibitory

activity (mm) Grade Symbol
Less than 0.5 Negative -
Between 0.5 and 2 Weak positive +
Between 2 and 3.5 Intermediate positive ++
More than 3.5 Strong positive +++

RESULTS AND DISCUSSION
Growth Trends of Fermentation

Four types of Malaysian traditional fermented food sources
were made by using homemade recipes. The fermented
foods were kept for storage at 4°C after fermentation started
because fermented foods are usually kept in chiller for longer
freshness and safe for human consumption. In this testing,
the fermented foods were fermented over two weeks. Then,
they were processed, serial diluted, and spread plated on
three types of modified agar media. All agars contained
nutrients needed for the growth and survival of lactic acid
bacteria, with slight differences in each agar. Glucose was
added as a primary source of carbon to promote growth of
lactic acid bacteria. The addition of calcium carbonate is
helpful to buffer the medium and maintain the pH [15]. The
bacteria that grew well on MRS agars added with carbon
carbonate and showed halo zones surrounding the colonies
were presumed to be lactic acid bacteria. This is agreed by
studies by Bulgasem et al. [11] and Jannah et al. [16]. The
bacteria growing on MRS agars supplemented with glucose
and MRS only agars showed typical morphological
appearance as shiny, rounded, and milky white colonies
(Table 2).

Table 2. Appearance of bacterial colonies growing on three types of agar media

MRS + 0.8% CaCOs3

MRS + 1.0% glucose MRS

Appearance of bacteria .
surrounding clear zones

Opaque white, circular colonies with

Opaque white, circular colonies

Colony counts were taken at intervals of 4-6 days and
recorded in the unit of colony forming unit per gram (CFU/g)
that represented the total bacterial counts in each dilution
(Table 3). The bacterial counts were ranging from 3.0 x107
to 7.0 x10"" CFU/g. Pickled maman and tapai produced
comparably similar bacterial counts for all three types of
agars during the two-week fermentation. From the start until
the end of fermentation, the numbers of bacteria growing on
each agar kept increasing.

10

In contrast, bacteria in pickled chilies only started to
grow after Day 0. No bacterial count for pickled chilies was
recorded for MRS agar for the whole fermentation period.
After fermented for eight days, pickled chilies did not grow
any bacteria. As for pickled garlics, bacterial counts were
considerably high for all three agars since the start of
fermentation period. However, no bacterial colonies were
growing on MRS with added glucose and MRS agars on the
eighth day of fermentation, followed by lack of growth on
MRS agar with added CaCOs3 by the fourteenth day.
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Table 3. Total bacterial counts (CFU/g) of microbial growth on three types of agar media

Bacterial counts (CFU/g)

Fermented food source Day of fermentation

MRS +0.8% CaCOs MRS + 1.0% glucose MRS

Pickled chilies 0 0 0 0

4 2.5x 101 0 0

8 1.7x 108 6.0x 108 0

14 0 0 0
Pickled garlics 0 3.8x 10 2.0x10° 1.4x 10

4 2.2x 1010 3.0x 10 8.6 x 100

8 7.2x10° 0 0

14 0 0 0
Pickled maman 0 3.9x 10 1.1x 10" 2.5x 1010

4 1.8x10° 2.8x 101 2.5x 101

8 1.4x 10 3.1x10% 2.4x 1010

14 2.3x 101 6.9 x 10" 6.7 x 10!
Tapai 0 1.5x 10 2.0x 100 7.8x 10°

4 1.8x 101 7.8 x 1010 4.6x 101

8 2.6x10° 2.0x 101 1.2x 101

14 1.3x 10" 1.7x 10" 1.9x 10"

Based on Figure 1, the data of pickled chilies was
generated by using 107 dilution, which showed zero CFU/g.
However, these results may not be accurate because the
lower dilutions (10" to 10* dilutions) were not tested
simultaneously. As for pickled garlics, the bacterial colonies
were also inoculated from 107 dilution, showing high
bacterial counts that reached 1.0 x 10'° CFU/g as early as
Day 0. The high number of bacteria might be originated from
the short period of fermentation possibly occurring at higher
temperature when the boiled mixture of garlic bulbs was
allowed to cool down. The growth trends for both pickled
chilies and pickled garlics showed an exponential phase
occurred within four days of fermentation and decreased to
zero after two weeks of fermentation. The presence of
vinegar in both pickled chiles and pickled garlics may have
contributed to the low pH of both fermented foods, hence,
creating an unfavorable condition for lactic acid bacteria to
grow in a long period of time. Pickled chilies and pickled
garlics both had pH level of 3 on Day 8 of fermentation. The
pH values of different types of vinegars are ranging from
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2.52 to 3.15 [17]. Meanwhile, most lactic acid bacteria
generally grow at neutral pH levels of 4.5-7.0 [18]. At low
pH, overacidification of the cultures does not only cause
lactic acid bacteria to grow slower, but also cause cell
damage and decrease cell viability [18]. Therefore,
accumulation of acids over time may have affected the
growth and survival of lactic acid bacteria in these two
fermented foods.

In the meantime, pickled maman also showed high
bacterial counts on Day 0. This is because pickled maman
were left to ferment at room temperature for three days
before plating was done on Day 0. As for tapai, the high
bacterial counts on Day 0 were due to fapai being left to
ferment at room temperature for two days before the first
plating. The growth trends for pickled maman and tapai
showed an exponential phase occurring between 8—14 days
of fermentation. For this study, the number of bacterial
counts remained high at the end of two-week fermentation,
indicating that lactic acid bacteria in pickled maman and
tapai remained viable over an extended period.
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Figure 1. Growth trend of microbial growth of fermented food on three types of agar media. A: pickled chilies; B: pickled garlics; C: pickled

maman; D: tapai

On the eighth day of fermentation, the pH values of tapai
and pickled maman were 4 and 5, respectively. This is
supported by Yusmarini et al. [19] that reported glutinous
rice fapai that was fermented at room temperature for two
days had a pH value at approximately 3.8. Sabah’s fapai that
was prepared as beverage, contrary to food, showed a slow
decline of pH from 6.6 to 3.4 in fourteen days, followed by
an increase to 4.0 [20]. On the other hand, there is not much
information available on pickled maman. One study reported
that after three-day fermentation, the pH values of maman
leaves and stems decreased from 5.46 + 0.02 to 4.70 £ 0.56,
and from 5.38 £ 0.04 to 5.29 £ 0.01, respectively [21].

Yang et al. [22] found that the optimal pH for

bacteriocinogenic  lactic acid bacteria  specifically
Lactobacillus curvatus, Lactobacillus
paracasei subsp. Paracasei, Enterococcus faecium,

and Streptococcus thermophilus ranged from 6.2 to 8.5,
demonstrating that neutral pH levels are crucial for
bacteriocin production. However, they tested only the
bacteriocin activity against food-borne pathogenic bacteria,
but not Candida species [23]. It is possible that bacteriocins
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specific to target fungal pathogens may be able to grow at
lower pH.

Antifungal Potential of Pickled Water from Fermented
Food

During the preliminary testing, the antifungal potential of the
fermented food was tested by dual agar diffusion method.
This was done by growing C. albicans on the bottom SDA
agar layer, followed by spotting approximately 10 ul of
pickled water of each fermented food on the top MRS agar
layer. Based on Table 4, out of the four fermented foods,
only pickled maman formed zones of inhibition surrounding
the spots of pickled water. Pickled maman produced 1.2
0.05 mm inhibition zone. This is a weak positive GIA result
and not significant enough as relative to previously reported
zones of inhibition for antifungal activity. Other publications
that reported significant zones of inhibition for antifungal
activity used isolated lactic acid bacteria [11,13], meanwhile
this study used unprocessed pickled water from the
fermented food sources. The difference in the tested samples
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themselves may have led to the low significance level in this
study.

Even though the spreading growth of fungi surrounding
the agar surface was uneven, circular shapes were visible
around the spots of pickled water of pickled maman on the

fourth day of fermentation (Figure 2). On the other hand,
several ambiguous shapes resembling spots on the plates of
pickled chilies were not accepted as positive GIA and
considered as negative inhibition.

Table 4. Formation of zone of inhibition around the spots of pickled water of fermented food on agar dual diffusion assays. Diameter of zone
of inhibition is presented in the unit of mm. GIA symbol is presented in the parentheses

fergsl}l,tgiion Negative control Pickled chilies Pickled garlics Pickled maman Tapai
0 0£0(-) 0£0() 0£0(-) 0£+0(-) 0£0(-)
4 0£0(-) 0.20 £ 0.05 (-) 0£+0(-) 1.20 £ 0.05 (+) 0£0(-)
8 0£0(-) 0£0() 0£0(-) 0£+0(-) 0£0(-)
14 0£0(-) 0£0() 0£0(-) 0£+0(-) 0£0(-)

Pickled chilies

Control

Pickled maman

Control

Figure 2. Formation of zone of inhibition surrounding spots of pickled water from four fermented food by dual agar diffusion assay as
observed on the Day 4 of fermentation. The numbers 1, 2 and 3 represented the quantities and locations of the spots. Red arrows are showing

the clear zones of inhibition around spotted pickled water samples

In this study, there is a possibility that within four days
of fermentation, the lactic acid bacteria strains from pickled
maman produced functional metabolites that can inhibit C.
albicans growth. No similar inhibition effect was seen on
other days of fermentation. After the fermentation went
beyond a week, the affluent growth of C. albicans had
dominated the area on agar. C. albicans grows best in acrobic
conditions, while lactic acid bacteria thrive in anaerobic
conditions. The dual agar plates were incubated aerobically,
encouraging the growth of C. albicans instead of lactic acid
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bacteria. This might have caused lactic acid bacteria to be
overwhelmed by fungi and ceased to survive in the plates
after more than 7 days. Therefore, the lack of production of
the metabolites with antifungal potential produced negative
GIA for all samples on the Days 8 and 14 of fermentation.
Antifungal activity of lactic acid bacteria against fungal
pathogen C. albicans has been previously reported by
several studies. Crowley et al. [24] mentioned about active
metabolites produced by lactic acid bacteria including
reuterin, fatty acids, and bacteriocins that exhibit antifungal



Special Issue, 2022, 1, 8 - 15: International Conference On Industry - Academia Initiatives In Biotechnology and Chemistry 2021

effects against C. albicans. Axelsson et al. [25] had
discovered reuterin, an antimicrobial compound produced by
Lactobacillus reuteri and demonstrated broad-spectrum
ability to inhibit growth of many bacterial pathogens. Two
L. reuteri strains showed antifungal properties against five
common oral Candida species, including C. albicans, C.
glabrata, C. tropicalis, C. dubliniensis, and C. parapsilosis
[26]. Bergsson et al. [27] reported that medium-chain fatty
acids such as lauric (Ci2) and capric (Cio) acids were potent
in killing the cells of C. albicans. Adebayo and Aderiye [28]
investigated the effects of a bacteriocin called brevicin SG1
produced by Lactobacillus brevis SG1 against C. albicans
cells, and observed that it reduced yeast hyphal branching at
lower concentration, while completely arresting hyphal
development at higher concentration. Based on the results of
this preliminary testing involving Malaysian fermented food,
further investigation of possible functional metabolites
produced by lactic acid bacteria isolated from pickled
maman could be carried out to discover their interaction or
mechanism in affecting the fungal growth.

The pervasive presence of C. albicans and other kinds of
fungi on human skin and mucous membranes can become
pathogenic and cause severe implications if they invaded
systemic organs. The currently limited number of safe
antifungal treatments has encouraged efforts among
researchers to discover better alternatives of antifungal
drugs. This study provided preliminary results of antifungal
potentials of lactic acid bacteria isolated from selected
Malaysian fermented foods by dual agar diffusion assay.
Pickled maman and tapai showed ability to sustain the
growth of lactic acid bacteria over prolonged fermentation
period at low temperature. The pH level of fermented foods
played an important role in supporting the growth and
viability of lactic acid bacteria. Pickled maman showed weak
antifungal activity against C. albicans among all four
fermented foods. However, this testing needs to be improved
to obtain a better GIA score.

In future works, pure bacterial colonies will be isolated
from these fermented foods for further characterization of
probiotic properties. Finally, the alcohol content in these
fermented foods should be determined over a prolonged
fermentation period. This will be valuable insight to
determine the Halal status of fermented food in Malaysia.
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