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Abstract

Candida albicans induces different kinds of infections classified as superficial, locally invasive and 
systemic infections. The present study aimed to estimate the antifungal activities of Lactic acid bacterial 
(LAB) extract against 30 different resistant clinical isolates of C. albicans. LAB strains were isolated from 
100 fermented food samples and C. albicans was isolated from Egyptian private hospitals. Cell-free su-
pernatants of different LAB strains were then evaluated for their antagonistic activity against C. albicans 
isolates using the agar well diffusion method. Determination of the minimum inhibitory concentration 
(MIC) of LAB extracts was then carried out against C. albicans. Moreover, the effect of LAB extracts on 
the formation of C. albicans biofilm was assessed and expressed as percentage. The obtained results indi-
cated that all LAB extracts exerted growth inhibitory effects on the vegetative forms of C. albicans as well 
as their biofilm formation. Also, Lactobacillus plantarum was the most powerful isolate where the highest 
diameter of inhibition zone was 22.80 mm with MIC value of 62.67% while the average percentage of bi-
ofilm inhibition was 67.33%. The use of a probiotic may offer an alternative or complementary therapeutic 
choice in the treatment of Candidiasis and could be effective against drug resistant strains. 
Keywords: enumeration, identification, antifungal activity, Lactic acid bacteria, Candida albicans
Резюме

Candida albicans предизвиква различни видове инфекции, класифицирани като повърхностни, 
локално инвазивни и системни микотични инфекции. Настоящото проучване има за цел да оцени 
противогъбичната активност на екстракт от млечнокисели бактерии (LAB) срещу 30 различни 
резистентни клинични изолати на C. albicans. LAB щамовете са изолирани от 100 ферментирали 
хранителни проби, а C. albicans е изолирана частни болници в Египет. Безклетъчните супернатанти 
на различните LAB щамове са оценени по отношение на антагонистичната им активност срещу 
изолати на C. albicans, използвайки метода на дифузия в агар. Определена е минималната инхибираща 
концентрация (МИК) на LAB екстрактите срещу C. albicans. Освен това, ефектът на LAB екстракти-
те върху образуването на C. albicans биофилми е оценен и изразен в проценти. Получените резултати 
показват, че всички LAB екстракти оказват инхибиращ ефект върху растежа на вегетативните форми 
на C. albicans, както и на образуването на биофилм. L. plantarum демонстрира най-значима зона на 
инхибиране с диаметър 22.80 mm и стойност на МИК 62.67%, а средният процент на инхибиране на 
биофилма е 67.33%. Използването на пробиотик може да предложи алтернативен или допълнителен 
терапевтичен избор при лечението на кандидозите и може да бъде ефективно срещу резистентни 
към лекарства щамове.

* Corresponding author: nehalmohammed83@gmail.com

Introduction
Candidiasis is a fungal infection most-

ly caused by Candida albicans (Walsh and Dix-
on, 1996). The fungus is a single-celled organism  

 
present in the genital tract and gastrointestinal 
tract (GIT). Candida species (spp.) are found ev-
erywhere and represent the most common fungal 
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spp. affecting humans. Candida accounts for ap-
proximately 15.0% of all healthcare-associated in-
fections (HAIs), more than 72.0% of all healthcare 
associated fungal infections, and 8.0% to 15.0% of 
all healthcare-associated bloodstream infections, 
25.0-50.0% of healthcare-associated candidemia 
occurring in intensive care units (ICUs) (Gudlaugs-
son et al., 2003). Under normal circumstances, the 
immune system keeps candida under control but 
during sickness or use of antibiotics, it can grow 
without control and cause infections [diaper rash, 
vaginitis, and thrush] (Barousse et al., 2004). Can-
didiasis can affect various parts of the body and the 
most common being the mouth, ears, nose, toenails, 
fingernails, GIT, vagina, eyes, lungs, brain, and kid-
neys (Al-Thwani, 2002). Symptoms often worsen 
after consumption of foods containing sugar and/
or yeast (Barousse et al., 2004; Al-Thwani, 2002). 
Candida spp. have their own ways of self-defense, 
which have been identified, contributing to the 
pathogenic potential of this fungus. Among them 
are the surface molecules which facilitate adher-
ence of the organism to human cells, the secre-
tion of proteases and phospholipases that involve 
penetration and damage of cell envelopes, biofilm 
formation, and the ability to convert to a hyphal 
form [phenotypic switching] (Calderone and Fonzi, 
2011). C. albicans is becoming increasingly re-
sistant to antimycotic drugs and can adapt to dif-
ferent host niches thus representing a serious risk 
to human health. The mechanisms underlying the 
development of antifungal resistance are complex 
and involve multiple pathways and genes. Further, 
these mechanisms continue to change and evolve, 
challenging the medical clinic and exacerbating 
the need for discovering original therapies against 
Candida diseases (de Oliveria et al., 2018). In re-
cent years, science and medicine have also become 
increasingly aware of the positive characteristics of 
microorganisms and have started to use and study 
probiotics as drugs or for disease prevention. LAB 
are generally recognized as safe (GRAS) micro-
organisms and play an important role in food and 
feed fermentation and preservation either as natural 
microflora or as starter cultures added under con-
trolled conditions. The preservative effect exerted 
by LAB is mainly due to the production of organic 
acids (such as lactic acid), which results in lower-
ing pH (Kanmani et al., 2013; Jang et al., 2019). 
Antimicrobial compounds produced by LAB en-
able them to have competitive advantage over other 
organisms. Bacteriocins are produced by LAB and 
they exert a positive influence on the host’s health 

by stimulating the immune system and have the 
ability to activate macrophages and lymphocytes 
(Marteau et al., 2001). They also improve the level 
of immunoglobulin A (IgA) and the production of 
gamma interferon. In addition to bacteriocins, LAB 
also produces carbon dioxide (CO2), hydrogen 
peroxide (H2O2), and organic acids, which reduce 
the pH of the medium (Oluwafemi and Adetunji, 
2011). Lactobacillus spp. can provide some protec-
tion against candidiasis. Consumption of fermented 
foods should be encouraged in women to increase 
Lactobacillus population in the GIT and subse-
quently in the female urogenital tract (Azadnia and 
Nazer, 2009).

In the current work, we studied the distribu-
tion of LAB populations in traditional Egyptian 
yogurt and milk, and then tested whether or not 
LAB extracts could counteract C. albicans growth 
through inhibition of fungal growth as well as bio-
film formation. The selected strains could be prom-
ising in substituting synthetic preservatives in the 
preservation process of milk products.
Materials and Methods
Isolation of LAB strains

One hundred samples of traditional yogurt 
and milk were collected in sterile containers and 
transferred to the Medical biotechnology laborato-
ry of GEBRI, Egypt. The samples were tenfold di-
luted using 0.1% peptone water. In order to isolate 
LAB purified colonies, 100 μL of diluted samples 
were distributed over the surface of the De Man-Ro-
gosa-Sharpe (MRS; selective medium for LAB) 
agar plates. The plates were incubated at 37°C for 
3 consecutive days under anaerobic conditions [in 
anaerobe jar, Oxoid anaerogen compact] (Badis et 
al., 2004a). MRS agar plates with a count of 30-
300 CFU/plate were only considered as reported by 
Reasoner (2004). 

The suspicious colonies were tested using 
Gram staining, catalase reaction, and sugar utiliza-
tion test. The purified colonies were stored in MRS 
broth containing 20% glycerol at –20°C (Shape, 
1979; Badis et al., 2004b). All of these analyses 
comprised a presumptive LAB identification step.
Identification of LAB using MALDI-TOF MS 
Analysis

MALDI-TOF MS technique was used to 
quickly identify bacterial species by determining the 
molecular masses of proteins, many of which were 
ribosomal proteins. The analysis was performed on 
either whole cells or crude bacterial extracts. So, 
firstly, a standard protein extraction protocol was 
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carried out according to Freiwald and Sauer (2009). 
Approximately 20 colonies of each LAB isolate 
were suspended in 1.2 mL of 75% ethanol. After 
centrifugation (14,000 × g, 2 min, 4°C) and discard-
ing of the supernatant, proteins were extracted with 
50 μL acetonitrile/formic acid/water mixture by 
vortex for 1 min. The supernatant was then deposit-
ed in three wells of the sample plate at a volume of 
1 μL and dried at room temperature, and the sam-
ples were then overlaid with 1 μL of a saturated al-
pha-cyano-4-hydroxycinnamic acid solution in ace-
tonitrile:water:TFA (10 mg/mL; Bruker Daltonics, 
Germany). The MALDI-TOF mass spectra mea-
surements of protein samples were performed using 
a Bruker Biotyper 3.1 (Bruker Daltonics, Germany). 
External calibration of mass spectra was performed 
using Escherichia coli DH5 alpha protein standard 
peaks. Mass spectra were processed using MALDI 
Biotyper™ 3.1 software. MALDI-TOF MS profile 
spectra for bacterial identification were automati-
cally compared to the BioTyper reference library of 
MALDI-TOF mass spectra by MALDI Biotype™ 
3.1 software (Bruker Daltonics, Germany).
C. albicans isolates

Thirty clinical vegetative forms of resist-
ant C. albicans isolates were collected from a pri-
vate hospital in Alexandria (from the skin, vagina, 
respiratory, and gastrointestinal tract swabs) and 
sub-cultured on Sabouraud dextrose agar (SDA) 
medium. The isolates appeared morphologically as 
large-sized circular white colonies, and microscop-
ically as Gram-positive oval-shaped large-sized 
budding yeast cells (Ochei and Kolhatkar, 2000).

C. albicans microbial suspensions were pre-
pared in phosphate buffer saline solution (PBS) and 
adjusted visually as 0.5 McFarland standard. Mc-
Farland standard was used as a reference to adjust 
the turbidity of microbial suspensions to adjust the 
microbial semi-confluent growth (Fawole and Oso, 
1995).
Preparation of LAB extract 

The LAB cultures were collected at the ear-
ly stationary phase of growth (the total cell num-
bers were adjusted to 109 CFU/ml). The bacterial 
cultures were centrifuged at 10,000 rpm at 2°C for 
30 min and the culture supernatants were collected 
carefully and filtered through a 0.22 μm pore-size 
filter. The extracts were stored frozen at -80ºC till 
used (Atlas et al., 1995).
Antagonistic effect of LAB against C. albicans 

The LAB extracts were tested for their anti-
microbial activity by the agar well diffusion meth-

od against C. albicans (standard and 30 clinical 
isolated strains). Three wells (each 5 mm. in di-
ameter) were made into Muller-Hinton agar plates 
with a sterile cork borer. The previously prepared 
0.5 McFarland of C. albicans strains were used to 
plate the entire surface of Muller-Hinton agar using 
a sterile swab and the wells were loaded with 100 
μL of isolated bacterial extract (cell-free superna-
tants). Plates were incubated aerobically at 37ºC for 
24 hr., and the diameter of the inhibition zone was 
measured. 
Susceptibility test

Serial dilutions from LAB extracts were pre-
pared according to Reasoner (2004), and the MIC 
was determined according to the LAB supernatant 
lowest concentrations that completely inhibited 
candida growth (Atlas et al., 1995).
Quantitative assay of biofilm inhibition

To assess the effect of the LAB extracts on 
biofilm formation, the quantitative assay of biofilm 
formation was carried out according to Sheikh et al. 
(2001) with some modifications.   Briefly, 200 μL of 
a previously prepared overnight C. albicans culture 
in Sabouraud dextrose broth (SDB) was inoculated 
in 96-well flat-bottom microtiter polystyrene plates 
with 100 μL of the treatments (LAB extracts) or 
100 μ L SDB (as control). The blank wells were ad-
justed by adding 200 μL of SDB (without Candida) 
with 100 μL LAB extracts. The plates were incu-
bated overnight (18 h) at 37°C with shaking. The 
formed microbial biofilm was visualized by 0.5% 
crystal violet for 5 min. The biofilm was quantified 
in duplicate after adding 200 μL of 95% ethanol by 
ELISA plate reader at 570 nm. The inhibition per-
centage of LAB extracts was calculated according 
to the following equation (Atlas et al., 1995).

Inhibition percentage = (A - A1 / A0) × 100  
where A is the absorbance of the treatment 

group; A1 is the absorbance of the blank, and A0 is 
the absorbance of the control group.
Results 
Isolation and distribution of LAB

MALDI-TOF MS analysis indicated the pres-
ence of five different isolates that showed identifi-
cation congruency to Lactobacillus genus, namely, 
L. acidophilus, L. delbrueckii sub spp. bulgaricus, 
L. lactis, L. casei, and L. plantarum. Also, one 
isolate belonged to Bifidobacterium which was B. 
longum (Tables 1 and Table 2, Fig. 1). Regarding 
the distribution of LAB by genus, L. delbrueckii 
sub spp. bulgaricus was predominantly isolated in 
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the collected samples with a percentage of 22.70% 
(Table 3). The second one was Lactococcus and L. 
lactis that was only detected with a percentage of 
19.60 (Table 3).

Table 2. Results of sugar fermentation test for iso-
lated LAB (Forbes, 2007)

Characteristics
Isolates

1 2 3 4 5 6

Arabinose - - - - + +
Esculin + - - + - +
Fructose + + - + + +
Galactose + - - + + +
Glucose + - + + + +
Lactose + + + + + +
Mannose + - - + + +
Melezitose - - - + + +
Melibiose - - - + + +
Raffinose - - - + + +
Sorbitol - - - + - +
Sucrose + - - + + +
Xylose - - - + + +

According to MALDI-TOF analysis: 1) L. acidophilus; 
2) L. delbrueckii; 3) L. lactis; 4) L. casei; 5) B. longum;  
6) L. plantarum

Fig. 1. LAB isolates grown on MRS agar plates.  
A) L. acidophilus, B) L. delbrueckii sub spp. bulg-
aricus, C) L. lactis, D) L. casei, E) B. longum, F) L.  
plantarum.

Table 3. Distribution of the bacterial isolates among 
the whole bacterial population

Strains
Total 

(n=428)

No %

L. delbrueckii sub spp. bulgaricus 97 22.7

L. plantarum 91 21.3

L. lactis 84 19.6

L. casei 77 18.0

L. acidophilus 60 14.0

B. longum 19 4.4

The inhibitory effect of LAB strains against C. 
albicans

In the present study, the inhibitory activity 
of LAB against pathogenic vegetative forms of C. 
albicans was determined by agar-well diffusion 
method. The obtained results indicated that all LAB 
extracts possessed an inhibitory action against C. 
albicans (Table 4) and the highest inhibitory ef-
fect was recorded after L. plantarum treatment that 
showed inhibition zone diameter of 32.0 mm (with 
average mean of 22.80 ± 5.02). Also, B. longum 
was the second potent organism against C. albicans 
with 22.43 ± 4.33 mm average inhibition zone di-
ameter (Table 4, Fig. 2). 
MIC

Generally, it was found that the concentra-
tions of L. plantarum extracts at 10%, 20%, 30%, 
40% and 50% prepared from the original undilut-
ed cell free supernatant had no inhibitory effects 
on C. albicans isolates (where a clear growth was 
noticed) while the concentration of 60% led to a 

Table 1. Biochemical characteristics of isolated 
LAB

Characteristics*
Isolates

1 2 3 4 5 6
Gram stain reaction + + + + + +
Catalase activity - - - - - -
Glucose fermentation + + + + + +

NH3 from arginine - - - - - +

Growth at temperature (ºC)               

10 - - + - - +
15 - - + + - +
37 + + - - + +
45 + + - - + -

Growth in a medium with 
NaCl (%)    

2 + + + + + +
3 + - - + + +
4 + - - + - +

6.5 + - - - - -

Growth at pH                                       
4.5 + + - + - +
6.5 + + + + + +

Production of CO2 from Glucose - - - - - -
Citrate hydrolysis + - - - - +

(*) It was noted that the results of biochemical reactions 
for all the isolates of the six strains were considered by 
their means. According to MALDI-TOF analysis: 1) L. 
acidophilus; 2) L. delbrueckii; 3) L. lactis; 4) L. casei;  
5) B. longum; 6) L. lantarum
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minimal decrease in C. albicans growth (MIC). In 
addition, the results in Table 5 show that L. plantar-
um was the most powerful isolate possessing an in-
hibitory effect against C. albicans (62.67 ± 13.63). 
LAB activity against fungal biofilm formation

In addition to the inhibition of the vegetative 
form of pathogenic Candida spp., LAB extracts 

demonstrated activity by inhibiting the fungal bio-
film formation. Therefore, the quantitative assay of 
biofilm formation after LAB extract treatment (per-
centage of biofilm inhibition) was assessed using 
modified Sheikh et al. (2001) method. The obtained 
results indicated that the extracts of all isolated LAB 
exhibited an inhibitory action against C. albicans bi-
ofilm formation. Furthermore, L. plantarum and B. 
longum were the most powerful isolates with nearly 
similar inhibitory action against C. albicans biofilm 
formations with inhibition percentages of 67.33 ± 
23.68 and 67.30 ± 22.11, respectively (Table 6). 

Although L. delbrueckii sub spp. bulgaricus 
was the most common isolate in milk and yogurt, 
L. plantarum was the most powerful LAB isolate 
which exerted a growth inhibitory effect on the 
vegetative form as well as on the biofilm formation 
(22.80 ± 5.02 and 67.33 ± 23.68, respectively) of 
C. albicans. In other words, L. plantarum could be 
a promising candidate as anti-C. albicans with the 
highest inhibition zone (22.80 ± 5.02%), the high-
est MIC (62.67 ± 13.63%), and the highest biofilm 
inhibition (67.33 ± 23.68%). 

Fig 2. The inhibitory effect of LAB strains against 
C. albicans A) L. acidophilus, L. delbrueckii sub 
spp. bulgaricus with L. lactis and B) L. casei, B. 
longum and L. plantarum against C. albicans

Table 4. Comparison between the different studied LAB according to diameter of inhibition zone (mm.) 
resulting from the original extract (109 CFU/mL)**

Lactobacillus
L. lactis 
(n = 30)

L. casei 
(n = 30)

B. longum 
(n = 30)

L. 
plantarum 
(n = 30)

F pL. 
acidophilus 

(n = 30)

L. 
delbrueckii 

sub spp. 
bulgaricus 

(n = 30)
Diameter of 
inhibition zone 
(mm.)
Min. – Max.

11.0 –28.0 8.0 – 26.0 7.0 – 18.0
11.0 – 
29.0

14.0 – 
31.0

12.0 – 
32.0

29.727* <0.001*Mean ± SD. 19.67 ± 
5.08

18.47 ± 
5.22

10.03 ± 
2.54

18.33 ± 
5.10

22.43 ± 
4.33

22.80 ± 
5.02

p1 0.917 <0.001* 0.876 0.197 0.100
p2 <0.001* 1.000 0.014* 0.005*

p3 <0.001* <0.001* <0.001*

p4 0.010* 0.004*

p5 1.000
F: F test (ANOVA)
p1: p value for Post Hoc Test (Tukey) for comparing between acidophilus and each other group.
p2: p value for Post Hoc Test (Tukey) for comparing between delbrueckii sub spp. bulgaricus with L. lactis, L. casei, B. longum 
and L. plantarum.
p3: p value for Post Hoc Test (Tukey) for comparing between L. lactis with L. casei, B. longum and L. plantarum.
p4: p value for Post Hoc Test (Tukey) for comparing between L. casei with B. longum and L. plantarum.
p5: p value for Post Hoc Test (Tukey) for comparing between B. longum and L. plantarum.
*: Statistically significant at p ≤ 0.05.
**: Inhibition was considered positive when the width of the clear zone around the well was 0.5 mm. or more where; resistance 
was defined as the absence of a     growth inhibition zone around the well. (185)
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Table 5. Comparison between the different studied LAB according to MIC (%)
Lactobacillus

L. lactis 
(n = 30)

L. casei 
(n = 30)

B. longum 
(n = 30)

L. 
plantarum 
(n = 30)

F pL. acidophilus 
(n = 30)

L. 
delbrueckii 

sub spp. 
bulgaricus 

(n = 30)
MIC   (%)
Min. – Max.

50.0 – 100.0 50.0 – 100.0 90.0 – 100.0
30.0 – 
100.0

40.0 – 
90.0

40.0 – 90.0

36.773* <0.001*Mean ± SD.
75.67 ± 13.82

80.33 ± 
15.64

99.67 ± 1.83
91.0 ± 
11.25

67.0 ± 
14.89

62.67 ± 
13.63

p1 0.715 <0.001* 0.017* <0.001* 0.001*

p2 <0.001* <0.001* 0.002* 0.094
p3 0.094 <0.001* <0.001*

p4 <0.001* <0.001*

p5 0.775
F: F test (ANOVA)
p1: p value for Post Hoc Test (Tukey) for comparing between acidophilus and each other group.
p2: p value for Post Hoc Test (Tukey) for comparing between delbrueckii sub spp. bulgaricus with L. lactis, L. casei, B. longum 
and L. plantarum.
p3: p value for Post Hoc Test (Tukey) for comparing between L. lactis with L. casei, B. longum and L. plantarum.
p4: p value for Post Hoc Test (Tukey) for comparing between L. casei with B. longum and L. plantarum.
p5: p value for Post Hoc Test (Tukey) for comparing between B. longum and L. plantarum.
*: Statistically significant at p ≤ 0.05.

Table 6. Comparison between the different studied LAB according to percentage of biofilm inhibition 
resulting from the original extract

Lactobacillus
L. lactis 
(n = 30)

L. casei 
(n = 30)

B. longum 
(n = 30)

L. 
plantarum 
(n = 30)

F pL. acidophilus 
(n = 30)

L. delbrueckii 
sub spp. 

bulgaricus 
(n = 30)

Percentage 
of biofilm 
inhibition
Min. – Max.

11.80 – 91.20 6.20 – 92.20 9.70 – 66.70
12.70 – 
88.10

8.60 – 
96.20

14.20 – 
95.80

15.555* <0.001*Mean ± SD.
50.60 ± 21.04 46.98 ± 22.95

25.45 ± 
23.47

46.11 ± 
23.47

67.30 ± 
22.11

67.33 ± 
23.68

p1 0.967 <0.001 0.987 0.039* 0.038*

p2 0.004* 1.000 0.003* 0.003*

p3 0.002* <0.001* <0.001*

p4 0.005* 0.005*

p5 1.000
F: F test (ANOVA)
p1: p value for Post Hoc Test (Tukey) for comparing between acidophilus and each other group.
p2: p value for Post Hoc Test (Tukey) for comparing between delbrueckii sub spp. bulgaricus with L. lactis, L. casei, B. longum 
and L. plantarum.
p3: p value for Post Hoc Test (Tukey) for comparing between L. lactis with L. casei, B. longum and L. plantarum.
p4: p value for Post Hoc Test (Tukey) for comparing between L. casei with B. longum and L. plantarum.
p5: p value for Post Hoc Test (Tukey) for comparing between B. longum and L. plantarum.
*: Statistically significant at p ≤ 0.05
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Discussion
Today, LAB are in the focus of international 

research for their essential role in most fermented 
foods, for their abilities to produce various antimi-
crobial compounds promoting probiotic properties 
(Temmerman et al., 2002). The study examined 
the distribution of LAB strains in fermented prod-
ucts and tested their activities against fungal infec-
tions. Our results showed that Lactobacillus was 
the predominant microbial genus in milk and yo-
gurt samples with a percentage of 76.0%, with the 
same results recorded by Hamza et al. (2009), and 
Kebede (2007). They found that Lactobacillus spp. 
were the most dominant isolates among all isolated 
LAB in fermented foods with a percentage of up 
to 52.70%. This finding could confirm the selective 
ability of the MRS medium for Lactobacilli spp. 
with a percentage of 92.0% and less than 10% for 
other genera (Florez et al., 2006; Abd El Gawad 
et al., 2010). Furthermore, L. delbrueckii sub spp. 
bulgaricus was the second most commonly isolat-
ed organism with 22.70% followed by Lactococcus 
which coincides with the results reported by Abd El 
Gawad et al. (2010) and El Soda et al. (2003). Both 
groups found that organism to be the most com-
monly isolated one among all isolated LAB (40.0% 
and 25.0%, respectively). In contrast, Gomes et al. 
(2010) did not detect L. delbrueckii sub spp. bul-
garicus among all LAB isolates. Such differences 
might be due to the different locations where they 
were isolated, the environmental conditions, and/or 
the different milk and yogurt preparation processes 
(starter nature and its quantity, temperature applied, 
type and structure of used containers, use of differ-
ent preservatives, and steps of packaging process). 

In addition to its distribution in fermented 
food products, the activity of the isolated LAB 
against C. albicans was tested. The obtained results 
indicated that the extracts of all isolated organisms 
possessed an inhibitory action against C. albicans, 
and L. plantarum was the most potent one. The 
inhibitory action of lactic acid bacteria against C. 
albicans could be due to their ability to produce dif-
ferent substances [organic acids (lactic, acetic, and 
propionic acids), H2O2, and CO2 as well as nisin] 
with antimicrobial effects against both bacterial 
and fungal infections. Furthermore, LAB can in-
hibit harmful microorganisms with their arsenal or 
through a competitive exclusion mechanism based 
on competition for binding sites and nutrients in 
addition to forming pores and killing the cells af-
ter causing lethal damage and autolysin activation 
to digest the microbial cellular wall (Galvez et al., 

1990; Vieco-Saiz et al., 2019). This inhibitory ef-
fect was enhanced in MRS broth as MRS broth is 
a better stimulator for antimicrobial products pro-
duced by LAB than MRS (Fang et al., 1996; Kub-
ba, 2006). 

The anti-Candida effects of Lactobacillus 
have also been investigated in several in vitro stud-
ies of hyphae formation and biofilms. Orsi et al. 
(2014) verified that the crude filtrate supernatant 
fluids (CFSFs) from L. acidophilus ATCC 314, L. 
rhamnosus ATCC 7469, L. plantarum ATCC 8014, 
and L. reuteri ATCC 55730 were able to affect both 
C. albicans hyphal formation and biofilm develop-
ment. The second potent isolated organism against 
C. albicans was B. longum, with an inhibition zone 
diameter of 22.43 ± 4.33. The same results were 
reported by Tang et al. (2006), and Georgieva et 
al. (2015), where B. longum was the second most 
powerful isolated organism with fungicidal activity 
against C. albicans, showing an average inhibition 
zone diameter of 23.0 mm and 25.0 mm, respec-
tively. 

Furthermore, our results showed that L. plan-
tarum cell-free supernatant at a concentration of 
60% led to a minimal and sharp decrease in C. al-
bicans growth (MIC) and these results agree with 
a previous work by Al Askari et al. (2012) and 
Oluwafemi and Adetunji (2011), where they found 
that the supernatant MIC of the strongest isolated 
organism against C. albicans growth was L. plan-
tarum (61.50% and 63.70%, respectively). In ad-
dition to the vegetative form of pathogenic Candi-
da spp., they were also considered with increasing 
concern as causative agents of fungal biofilm-relat-
ed infections (Crump and Collignon, 2000; Kojic 
and Darouiche, 2004).

In addition to LAB antimicrobial activities 
and capability of interfering with pathogen adhesion 
to epithelial cells of the urogenital and intestinal 
tracts, Lactobacilli have long been known for their 
anti-biofilm production (Hawthorn and Reid, 1990; 
Reid and Bruce, 1998; 2003; Rodrigues and Mei, 
2004; Rodrigues et al., 2006; James et al., 2016; 
Parolin et al., 2021). Our results confirmed that L. 
plantarum and B. longum were the most powerful 
isolated microorganisms against C. albicans biofilm 
with a percentage of inhibition 67.33 ± 23.68 and 
67.30 ± 22.11, respectively. The same results were 
recorded by Free et al. (2000), and Rodrigues and 
Mei (2004), who reported that the percentage of in-
hibition of C. albicans biofilm using L. plantarum 
extract reached 82.30 and 65.90, respectively, and 
81.40 and 61.60, respectively, when using B. long-
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um extract. This effect could be explained by the 
fact that L. plantarum may also have molecules that 
inhibit the adhesion of C. albicans to solid surfaces. 
Also, this effect could be attributed to the secretion 
of biosurfactants and exometabolites in the L. plan-
tarum supernatant, which accounts for the reduc-
tion in the hydrophobicity of surface substratum by 
interfering with microbial adhesion and desorption 
processes (Rodrigues et al., 2006). Furthermore, 
this inhibition could be due to the interference of 
bioactive components in LAB extracts which inter-
rupt the cell-to-cell communication of C. albicans 
(Quorum sensing). The quorum sensing is briefly 
acting through the sensing molecules: farnesol and 
tyrosol, one of them (farnesol) acting as an inhibi-
tor of the morphological transition from vegetative 
cells to sessile cells (hyphae). Another suggestion 
is the possible interruption of cell adherence on 
which the LAB extract might act as a modifier for 
the hydrophobicity of the surface, subsequently in-
terfering in the Candida adhesion and desorption 
(Rodrigues and Banat, 2006). Hence, it is likely 
that the nature of the interaction of L. plantarum 
supernatant with biofilms could be physiochemical. 
It can be assumed that the secretory component of 
L. plantarum supernatant might have modified the 
surface energies of the microorganisms and inhibit-
ed complex biofilm formation by preventing micro-
bial co-aggregation (Ceresa et al., 2015).
Conclusion

In conclusion, the results of the present study 
indicate that L. plantarum supernatant is able to in-
hibit C. albicans growth and its biofilms. This idea 
introduced an easy option to use probiotics as an 
effective therapy for the local treatment of Candi-
diasis, which would prevent the spread of the fun-
gus. At the same time, this current therapy has to 
be free of adverse effects. If proven feasible, pro-
biotic-based anti-biofilm strategies will be highly 
useful to treat fungal biofilm infections,
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