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Abstract Antifungal proproties of the probiotic culture supernatant (PCS) of three of probiotic bacterial strains;
Bifidobacterium bifidum, Lactobacillus acidophilus and Lactobacillus plantarum was tested as antifungal against
two mycotoxin producing fungi; Aspergillus flavus and Aspergillus parasiticus. The results revealed that the
probiotic culture supernatant showed high antifungal activity either on the fungal growth and aflatoxin (AF)
production. Moreover, probiotic culture supernatant (PCS) at 1% concentration achieved high inhibition of AFB1
production by Aspergillus flavus by percentage reached to 76%. But this percentage was increased up to 77% in case
of Aspergillus parasiticus. In more details, it was observed that probiotic culture supernatant (PCS) are capable to
make complete inhibition for the synthesis of both AFG1 and AFG2 produced by Aspergillus parasiticus. In
addition, the probiotic culture supernatant are rich with the antioxidant compounds which help in food control and
induce the human immune system. It can conclude that the probiotic culture supernatant of the three examined
probiotic strains could be used as food additives for controlling the food contamination and aflatoxin production.
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1. Introduction

Aflatoxins are secondary metabolites produced mainly
by three filamentous fungal species: Aspergillus flavus, A.
parasiticus, and A. nomius [1,2]. The aflatoxins can be
classified as B1, B2, Gl, and G2 according to their
fluorescence under ultraviolet light and molecular weight
[3]. It well known that Bl aflatoxin is carcinogenic
substance but B2, G1, and G2 are considred as possible
carcinogenic substances [4].

Food contamination by aflatoxins is an important
food safety concern for agricultural products. In order
to identify and develop novel antifungal agents, several
isolated compounds and plant extracts have been
evaluated for their bioactivities [5S]. Mycotoxins and
their derivatives since their discoveries and until the
present time are behind unspecified economic and
medical damages [4]. Aflatoxins are in part responsible,
of irreversible medical disasters that are not easily
manageable such as cancer of the liver and kidneys, and
consequently, showed losses in cereal products [6].

Indeed reference [7] used more than 120 lactic acid
bacterial strains as antifungal against Aspergillus
fumigatus and his finding that the lactic acid bacteria
affected the fungal mycelia, biomass and reduced the
toxins produced by this fungus. Reference [8] succeeded
to isolate the lactic acid bacteria from Nem chua (food)
and used the isolates to control nine different human
pathogenic fungi. They reported that both Lactobacillus
plantarum (P32B  and VI13A) and Pediococcus
pentosaceus (P41A) showed high antifungal activity
against the nine examined fungi. The same observation
was obtained by Reference [9]. Reference [10] reported
that they isolated 336 molds (mostly are Asprgillus spp)
from dried corn, soaked corn and fermented corn paste
and they found different Lactobacillus spp showed high
antifungal activity especially the two strains Lactobacillus
brevis G25 and Lactobacillus cellobiosus. Moreover,
about 60 Lactobacillus sp. was used to antagonist the
fungi; Alternaria alternata, Alternaria brassicicola,
Aspergillus  niger, Fusarium latenicum, Geotrichum
candidum, and Mucor hiemalis) and yeasts (Candida vini).
and it was postulated that Lactobacillus bacteria have high
antifungal activity against molds and this activity varied
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significantly and may affected by the type of used strain
and the culture constituents [11].

Probiotics are defined as “live microorganisms which
when administered in adequate amounts confer a health
benefit on the host” FAO/WHO (Food and agriculture
organization/world health organization 2002) [12]. In
study of Reference [7] several Lactobacillus isolates
mixture were screened for their inhibitory effect on
mycelial production and good results were reported. The
strain, which was identified as L. casei KC-324,
showed the strongest antifungal activity on fungal
growth and spore germination [7]. Lactic acid bacteria,
especially Lactobacillus, are the most commonly used
microorganisms as probiotics because of the perception
that they are desirable members of the intestinal
microflora and because these bacteria have “Generally
Recognized As Safe” (GRAS) status [13].

Several methods and substances have been suggested
from time to time to deal with this hazardous of
mycotoxins. Few relevant studies were achieved on the
effectiveness of probiotic culture media filterate against
growth and aflatoxin production by A. flavus & A.
parasiticus. Therefore, this study aimed to evaluate the
efficiency of supernatant of three probiotic bacteria either
to inhibit the growth and the afaltoxin production of two
Asprgillus spp. The possible using the probiotic supernatnt
as food additives as antifungal and/or antioxidant agents.

2. Material and Methods

2.1. Fungal Isolates and Fungal Inoculums
Prepration

Aspergillus flavus strain (EMCC 274) and Aspergillus
parasiticus (EMCC 886" ), were obtained from MERCEN,
Ain Shames University, Cairo, Egypt and were kept on
Potato-Dextrose-Agar (PDA) slant at 25°C for 10 days.
Periodic transfers were done to keep the microorganism
viable. The spores were harvested after establishing a
good growth rate of each of the fungal cultures and were
filtered with sterile cotton filter, to avoid the presence of
conidia and mycelia. The spore's suspensions in PBS (pH
- 7.0) were adjusted to the final concentrations in the
range of 10°-10° spores/ml (10° spores/ml A. flavus and
10° spores/ml A. parasiticus). [14,15]

2.2. Probiotic Bacteria and Their Culture
Supernatant Preparation

Bifidobacterium bifidum (DSM 20082), Lactobacillus
acidophilus (DSM 20079) and Lactobacillus plantarum
(DSM 20174 ) were individually grown in 200 ml Man,
Rogosa and Sharpe (MRS) broth and incubated at 37 °C
for 2 days with shaking until OD at 600 nm was ranged
from 0.4 to 1.6. After cultivation, the culture broth was
centrifuged at 10,000 xg for 10 min. The supernatant was
taken to a fresh new conical tube and stored at -70 °C
deep freezer. Then, the culture supernatant was
lyophilized at -50 °C (using lyophilizer Telstar Model 50,
Spain) and the obtained powder was weighed.

2.3. Antifungal Activity of the Probiotic
Culture Supernatant

The antifungal activity of the three prepared probiotic
culture supernatant (Bifidobacterium bifidum, Lactobacillus
acidophilus and Lactobacillus plantarum) were tested for
their antifungal activity against Aspergillus flavus and
Aspergillus parasiticus using agar well diffusion method
according to [16,17] with sterile core borer of size 10.0 mm
and with some modifications. The cultures of 48 hours old
grown on potato dextrose agar (PDA) were used for
inoculation of fungal strain on PDA plates. Then spread
over the PDA plates using sterile cotton swabs. After
dryness, the appropriate wells were made on agar plate by
using cork borer. The culture supernantnt was loaded to
each separate well (200 ul) and the plates were then kept
at 4°C for 30 min. The plates were then incubated at 29°C
for 3 days and were checked for clear zones formation.
The formed clear zones were recorded and measured in
millimeter and considered as antifungal activity of various
supernantant. The antifungal potential of different supernatant
was evaluated by comparing their zones inhibition.

2.3.1. MIC of the Three Probiotic Supernantant
against Aspergillus spp

The combined mixture of culture supernatant that
showed high antifungal activity against Aspergillus flavus
and Aspergillus parasiticus were chosen, and their
Minimum Inhibitory Concentration (MIC) was determined
using descending concentrations of the mixed culture
media filterates. The MIC of the mixed supernatant were
diluted using sterile H,O and were tested for their
antifungal activity against A. flavus and A. parasiticus
according to [18]. The different prepared concentrations
were tested against the fungi strain using well diffusion
assay as previously mentioned. The formed clear zones
were measured and recorded and the MIC for each
probiotic culture supernatant was determined.

2.4. Fungal Growth and Aflatoxin Production
by Treated Fungi and Their Control

Fifteen ml of Yeast-Extract Sucrose (YES) broth
medium, were put in a 250 ml flasks and then autoclaved
at 120°C or 1.5 psi for 15 min. Inoculation was carried out
by adding 1 ml of a suspension of spores (10° spores/ml)
of toxigenic A. flavus and A. parasiticus strains without
(control) or with 1%, 0.5% and 0.1% of one of the tested
probiotic culture supernatant. The flasks were incubated in
the dark for 7 days at 25°C. Then after incubation period,
the growth of the mycotoxingenic fungi 4. flavus and A.
parasiticus in all flasks was visually examined.

2.4.1. Extraction of Aflatoxin from A. flavus and A.
parasiticus Culture Filterates

Extraction of mycotoxins produced in the Yeast extract
sucrose (YES) broth culture was carried out according to
the method of [19]. Where, the mycelium of each flask
contained Yeast extract sucrose (YES) broth was
harvested by filtration through Whatman paper (No.4),
and then extracted by 100 ml chloroform. Chloroform
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extract was dried by addition of anhydrous sodium sulfate.
The residue was transferred to eppendorff tube and
evaporated off using a stream of nitrogen at temperature
below 60°C. The dry film was used for the detection of
aflatoxins by High Performance Liquid Chromatography
(HPLC). The percentage of inhibition of fungal growth
and aflatoxins were calculated using equation:
% inhibition = (control- treatment /control x100).

2.4.2. Determination of Aflatoxins by HPLC
in the Fungal Culture Filtrate

Derivatization: the derivatives of tested samples and
standards (control) were done as follow: Two hundred pl
hexane were added to the clean up dry film of standard
and tested samples followed by 50 pl Trifluoroacetic Acid
(TFA) and mixed by vortex vigorously for 30 s. The
mixture was let to stand for 5 min. To the mixture 450 ml
water- acetonitrile (9 +1 v/v) by pipette were added and
mixed well by vortex for 30 seconds, and the mixture was
left to stand for 10 min. to form two separate layers.The
lower aqueous layer was used for HPLC analysis [20,21].
The chromatographic system consisted of an automatic
Agilent HewlettPackard brand n°1100 series, is managed
by computer with the chemstation software. It is equipped
with an auto-sampler (100 pl, injector loop), a Zorbax
column with a Reverse-Phase C18 (4.6 x 250 mm, 5 um)
and a fluorescence detector. The detector was set at
Ex= 360 nm, Em = 440 nm. The mobile phase was
isocratic and composed of water - acetonitrile - methanol
(6/2/3, v/v/v) with 120 mg of potassium bromide and 350
ul of 4 M nitric acid per liter of mobile phase. The flow
rate was set at 1 ml/min. Each experiment was conducted
in duplicate and aflatoxins contents were determined
according to their corresponding standard curves.
Calibration curves for each aflatoxin were determined,
using a series of standard solutions prepared in methanol.
Linear calibration graphs were obtained by plotting the
peak area against the aflatoxin amount injected.
Quantification of aflatoxins was performed by comparing
the peaks areas with the calibration curves.

2.5. Determination the Cytotoxisity of the
Probiotic Culture Supernatant (MTT)
Assay

Peripheral blood is the available source of human
normal cells for investigations of the toxicity of probiotic
supernatant. Peripheral Blood mononuclear cells (PBMCs)
were isolated according to the method was described by
[22] using Ficoll-Hypaque density gradient centrifugation
method.Fresh heparinized blood was mixed with an equal
volume of PBS, slowly layered over equal volume of the
Ficoll-Hypaque solution (density = 1.077 g/ml) and
centrifuged for 30 min at 2000 rpm. The PBMCs at buffy
layer was collected, resuspended in PBS and centrifuged
for 5 min at 1650 rpm. Cells were resuspended in RPMI
1640 medium containing 10% FBS, counted, and viability
was determined by staining of 50ul cells with 0.5% trypan
blue and counting on a hemocytometer. The cytotoxicity
assay was done according to [23]. To each well of the 96
well microtitre plate, 1x10° mononuclear cells were
seeded and treated with the serial dilutions of probiotic

culture supernatant (6.25, 12.5, 25, 50 and 100 pg/ml).
After 72 h incubation in 5% CO, incubator, 20 ul
of the yellow water soluble substrate 3-(4,5-dimethyl
thizol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT)
solution (5 mg/ml in PBS, pH 7) was added to each well
and incubated at 37°C for 4h. MTT solution was removed
after centrifugation at 2000 rpm for 10 min and the
insoluble blue formazan crystals trapped in cells were
solubilized with 150 pl of 100% DMSO at 37°C for 10
min. The absorbance of each well was measured with a
microplate reader at 570 nm. The half maximal Inhibitory
Concentration (ICsy) and safe dose (EC100) values, as
indices of toxicity and safety, were determined from the
Graphpad Instat software using data that was calculated
from the equation of cell viability.

2.6. Determination of the Antioxidant
Activity of the Probiotic Supernatant by
(DPPH) Assay

This assay measures the free radical scavenging
capacity of the investigated probiotic culture supernatant
(PCS) on the radical DPPH. In the presence of an
antioxidant, which can donate an electron to DPPH, the
purple color typical for free DPPH radical decays, and the
absorbance change at A = 517 nm is measured. Radical
scavenging activity ofvarious concentrations (3.125, 6.25,
12.5, 25, and 50 pg/ml) of each probiotic culture
supernatant (individual or mixed) was assayed according
to [24] and similar concentrations of ascorbic acid were
used as reference standard. The assay mixture contained in
a total volume of 100 ul of prepared DPPH (0.004% in
methanol) was added to 10 pl of the serial dilution of
filterate or vitamin C (4.5 ug/ml). The plate was shaken
and placed into the dark for 30 min. Then the decrease in
absorbance was measured at 517 nm.

2.7. Determination of Total Phenolic Content
in Mixed Probiotic Culture Supernatant

The total phenolic content of the probiotic culture
supernatant was determined by  Folin-Ciocalteu
spectrophotometric method (26). A volume of 0.1 ml of
Folin-Ciocalteu reagent was added to 2 ml (1%) of the
probiotic culture supernatant. The mixture was allowed to
stand for 15 min. Then, 3 ml of 2% sodium carbonate
(Na,COs) was added. The mixture was allowed to stand
for 30 min at room temperature and the total phenolic
content was determined spectrophotometrically (Labo
America, USA) at 760 nm compared with Gallic acid as a
standard. Total phenols were expressed in terms of mg of
Gallic acid equivalent per gram of the sample using the
linear regression equation obtained from the standard
Gallic acid calibration curve y = 0.005x + 0.245. All
samples were analyzed in triplicates [26].

2.8. Determination of Phenolic Compounds
Contents in the Mixed Probiotic
Supernatant by HPLC

The HPLC instrument conditions for analysis of
phenolic compounds were Agilent1260 infinity HPLC
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Series (Agilent, USA), equipped with Quaternary pump, a
Zorbax Eclipse plus C18 column 100 mm x 4.6 mm i.d.,
(Agilent technologies, USA) and operated at 25°C. The
separation was achieved using a ternary linear elution
gradient with (A) HPLC grade water 0.2 % H3PO, (v/v),
(B) methanol and (C) acetonitrile. The injected volume
was 20 pl. Detection: VWD detector set at 284 nm. This
method was conducted according to Agilent Application
Note, Publication number 5991-3801EN, 2016.

2.9. Statistical Analysis

Data were expressed as mean + standard error (SE) by
multiple comparisons one-way analysis of variance
(ANOVA) using SPSS16 software program at probability
(p) - values < 0.05 considered statistically significant.

3. Results

3.1. Antifungal Activity of Probiotic Culture
Supernatant on Fungal Mycelium and/
Spors (Individual)

The effect of antifungal activity of each probiotic culture
supernatant was assayed as shown in (Figure 1 and Figure 2)
and (Table 1 and Table 2). It was observed that mycelium
was completely inhibited (Figure 1) but the spores
completely inhibited as shown in (Figure 2). The probiotic
culture supernatant of concentrations (0.1, 0.5 & 1%)
showed varied inhibitions zones on both mycelium and
spores of the fungi (A.flavus and A. parasiticus). It was
observed that concentration 1% showed high antifungal
activity against the two examined fungi and this activity
gave inhibition zones ranged from is showing from 0.6 to
4.0 cm. Additinally, 4. flavus more sensitive for the three
examined probiotic culture supernatant than 4. paraisticus.
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3.2. The Inhibition Effect of the Probiotic
Culture Supernatant on Fungal
Mycelium and Spores (Mixed)

The antifungal activity for the mixed probiotic culture
supernatant was illustrated in (Figure 3) and (Table 3).
The mixed probiotic culture supernatant (1%) showed
inhibitions zones of mycelium growth and spores
numbers of two examined fungus species; 4. flavus and
A. parasiticus. Results in (Table 3) show that twice
combined probiotic culture supernatant (Lactobacillus
acidophilus & Bifidobacterium bifidum), (Lactobacillus
acidophilus & Lactobacillus plantarum), (Lactobacillus
plantarum & Bifidobacterium bifidum) have higher
inhibition zones with values 4.5, 44 & 4.2 cm in
Aspergillus flavus compared to inhibition value 3.0, 3.2 &
29 cm in Aspergillus parasiticus for combined
respectively. However, the triple mixed probiotic culture
supernatant (Lactobacillus acidophilus, Bifidobacterium
bifidum and Lactobacillus plantarum) was more effective
as antifungal activity with inhibition zones 4.7 cm in
Aspergillus flavus compared to 3.5 cm in Aspergillus
parasiticus. Also the same trend was observed in
inhibition mycelium and spores for binary probiotic
culture supernatant (Lactobacillus acidophilus &
Bifidobacterium bifidum), (Lactobacillus acidophilus &
Lactobacillus plantarum), (Lactobacillus plantarum &
Bifidobacterium bifidum) which give inhibition mycelium
and spores (IMS) 0.4, 0.3, 0.2 cm compared to 2.3, 2.8
&2.6 cm in Aspergillus flavus and Aspergillus parasiticus
respectively. In addition, the treatments (triple) probiotic
culture supernatant (PCS) gave IMS in size 0.5cm with
Aspergillus flavus compared to 3.1cm with Aspergillus
parasiticus respectively. In general, it is noticed that
mixed probiotic culture supernatant (PCS) was more
effective as antifungal against Aspergillus flavus and
Aspergillus parasiticus than the single or the binary (PCS).

Table 1. Inhibition of spores (clear zones in cm) for antifungal activities of single probiotic culture supernatant (PCS) against Aspergillus flavus

and Aspergillus parasiticus

Diameter of inhibition zone (cm)

Strains of probiotic culture

supernatant (PCFs) A. flavus A. parasiticus
Concentration (%)
0.1 % 0.5 % 1% 0.1 % 0.5 % 1%
L. acidophilus 3.7+£0.42 3.8+1.2 4.0+1.1 ND* 2.0 0.6 2.840.3
B. bifidum 2.6 +0.93 3.5+0.5 4.0 +£0.8 ND 1.4+0.12 2.240.23
L. plantarum 2.1+0.31 3.0+0.7 3.8+1.2 ND ND 0.6 £0.47

ND* not detected. All values were expressed as mean + SE at p< 0.05

Table 2. Inhibition of mycelium and spores or spores (clear zones in cm) for antifungal activities of individual probiotic culture supernatant

(PCS) against Aspergillus flavus and Aspergillus parasiticus

Diameter of inhibition zone (cm)

Strains of probiotic culture supernatant (PCFs) A. flavus A. parasiticus
Concentration (%)
0.1 % 0.5 % 1% 0.1 % 0.5 % 1%
L. acidophilus ND ND 0.4+0.22 ND* 0.9+0.47 2.2+0.36
B. bifidum ND ND 0.35+0.34 ND 0.4+0.38 1.8+0.37
L. plantarum ND ND 0.3+0.51 ND 0.4+0.49 0.8+0.64

ND* not detected. All values were expressed as mean + SE at p< 0.05
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Figure 1. Clear zones of the antifungal activities of individual probiotic culture supernatant (PCS) of Lactobacillus acidophilus, Lactobacillus plantarum
and Bifidobacterium bifidum against Aspergillus flavus

Figure 2. Clear zones of the antifungal activities of individual probiotic culture supernatant (PCS) of Lactobacillus acidophilus, Lactobacillus plantarum
and Bifidobacterium bifidum against Aspergillus parasiticus

AP

Figure 3. Clear zones of the antifungal activities of mix probiotic culture supernatant of different strains (Lactobacillus acidophilus (L.a.), Lactobacillus
plantarum (L.p.) and Bifidobacterium bifidum (B.b.) against Aspergillus parasiticus (A.p.) and Aspergillus flavus (A.F)

Table 3. Inhibition of mycelium and spores or spores (Clear zones in cm) for antifungal activities of double and triple mixed probiotic culture
supernatant (PCS) against Aspergillus flavus and Aspergillus parasiticus

Diameter of inhibition zone (cm)

A. flavus A. parasiticus
Strains of probiotic culture supernatant (PCS) Concentration (1%)
Inhibition of (IMS) Inhibition Spores inhibition (IMS) inhibition Spores
diameter (cm) (cm) diameter(cm) (cm)

L. acidophilus + B. bifidum 0.4+0.14 4.5£1.2 2.3+0.54 3.0+0.51

L. acidophilus +L. plantarum 0.3£0.07 4.4+1.6 2.84+0.83 3.2£1.1

B. bifidum +L. plantarum 0.2+0.05 4.2+.11 2.6+0.68 2.9+0.82

L. acidophilus + L. plantarum + B.bifidum 0.5+0.03 4.7+1.8 3.1£1.1 3.5£1.6

IMS: inhibition of mycelium and spores. All values were expressed as mean + SE at p< 0.05
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3.3. The MIC of Mixed Combination
Probiotic Culture Supernatant against 4.
flavus and A. parasiticus.

Minimum Inhibitory Concentration (MIC) of probiotic
culture supernatant (PCS) as antifungal activity descending
gradient concentrations from 1% to 0.006% of mixed (PCS)
at percentage 1.0, 0.5, 0.1, 0.05,0.025, 0.012, 0.006% (b)
for mixed (PCS) of (Lactobacillus plantarum, Lactobacillus
acidophilus and Bifidobacterium bifidum). against A. flavus.
(a & b) and A. parasiticus. (¢ & d) were illustrated
in (Figure 4) and Table (4). Results in (Table 4) show
that MIC for 1% mixed probiotic culture supernatant (PCS)
resulted inhibition zone 0.55 cm in 4. flavus sample,
while a remarkable inhibition zone (IZ) was 3.1 cm in
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A. parasiticus at the same concentration 1% of mixed
PCFs. It is also observed that lower concentration than
1% of mixed (PCS) were not affected in sample
treated with A. flavus. Meanwhile, inhibition zone (1Z)
recorded 1.5, 0.3, & 0.15 cm were observed in
sample contaminated with A. parasitcus and treated with
0.5, 0.1 & 0.05 % mixed (PCS). In contrary, lower
concentration 0.006, 0.012 & 0.025 % of mixed PCs were
not affected in sample treated with A. parasiticus.
Generally, lower concentrations of mixed (PCS) have not
induced detected inhibition as shown from (Figure 4) and
(Table 4). Obviously from it was observed that spores
inhibition was higherin the treated 4. flavus with all the
treatments but A. parasiticus not affected with low
tretamens.
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Figure 4. Minimum inhibitory (MIC) of antifungal activity of mixed probiotic culture supernatant (PCS) at descending gradient concentrations
percentage 1.0, 0.5, 0.1, & 0.05%, (A); 0.025,0.012 & 0.006% (B) of mixed (PCS) of Lactobacillus acidophilus, Lactobacillus plantarum and
Bifidobacterium bifidum (L.a. +L.p.+B.b). against 4.flavus.(A & B) and A4.parasiticus(C & D)

Table 4. Minimum inhibitory concentrations (MIC) of mixed probiotic culture supernatant (PCS) (L. acidophilus + L.plantarum +B. bifidum)
against A. flavus and A. parasiticus (inhibition of mycelium and spores or spores)

Fungi

Concentrations of mixed PCFs

A. flavus A. parasiticus
Conc. of mixed PCS Conc. of mixed PCS inhibition zone inhibition spores inhibition zone inhibition spores

(%) (ng/ml) diameter(cm) (cm) diameter(cm) (cm)

1% 10000 pg/ml 0.55+0.04 3.0+0.86 3.1+0.61 2.9+0.82

0.5% 5000 pg/ml ND 2.8+0.65 1.5+0.46 2.5+0.63

0.1 % 1000 pg/ml ND 2.6+0.54 0.3+£0.018 1.9+0.34

0.05 % 500 pg/ml ND 2.1£0.49 0.15+0.07 1.4+0.14
0.025 % 250 pg/ml ND 1.9+0.21 ND ND
0.012 % 120 pg/ml ND 1.5+0.38 ND ND
0.006 % 60 pg/ml ND 1.0+46 ND ND

ND not detected. All values were expressed as mean + SE at p< 0.05

Table 5. Effect of different concentrations of mixed probiotic culture supernatant (PCS) (L. acidophilus + L. plantarum +B. bifidum ) as

antiaflatoxigenic activity againstA. parasiticus and A. flavus

Aflatoxins A. flavus Reductin% A. parasiticus o
/ml) Reductin %
(ng/m Control (0.1 %) 0.5%) 1%) Control (0.1%) (0.5%) (1 %)
75.265 68.295 47.132 18.248 168.249 124.846 85.635
Bl +5.12 +3.21 +4.23 +3.15 ST.017 +6.36 +5.24 +3.81 40.423+2.47 127.826
0.6247 0.458 0.274 0.092 1.634 1.245 0.783 0.405
B2 +0.14 +0.046 +0.026 +0.0056 0.5327 +0.41 +0.086 +0.13 +0.035 1.229
12.158 9.819 6.736 2.471
Gl +1.5 +1.32 +1.08 +0.53 9687 ND ND ND ND 0
0.0593 0.0416 0.0235 0.0083
G2 +0.003 +0.005 +0.0015 +0.0021 0.051 ND ND ND ND 0

ND not detected. All values were expressed as mean + SE at p< 0.05.
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3.4. Antiaflatoxigenic Effect of Mixed
Probiotic Culture Supernatant (PCS)
against Aflatoxin Production from
A. flavus and A. parasiticus

Data in (Table 5) show the effect of different
concentrations (0.1, 0.5 & 1 %) of mixed (PCS)
(Lactobacillus acidophilus, Lactobacillus plantarum and
Bifidobacterium bifidum) as antiaflatoxigenic activity
against A.flavus and A. parasiticus. It was observed from
(Table 5) A.flavus produces Aflatoxin lower than
A.parasiticus 75 compared to 168 ng/ml in control
samples respectively. Reduction in aflatoxin production
Aflatoxin B1 from A.flavus were reduced from 75 in
control sample to 68, 47, & 18 after treatment with 0.1,
0.5 and 1% concentration of mixed (PCS). At the same
trend the production of Aflatoxin Bl was decreased from
168 ng/ml to 124, 85 & 40 ng/ml in A.parasiticus treated
with 1% mixed (PCS) respectively. It is also observed that
mixed (PCS) ssignificantly reduce aflatoxin production
and the highest reduction was obtained with mixed (PCS)
on A.parasiticus where the values were dramatically
inhibited about four folded from 168 in control sample to
40 in sample treated with mixed (PCS) 1% concentration
respectively. Generally all tested concentrations; 0.1,
0.5 & 1.0% of the mixed (PCS) capable inhibit AFtoxin
production from both A.flavus and A.parasiticus in
(Table 5). Moreover, proportional relationship found
between the concentration of (PCS) and inhibition of the
production of Aflatoxin in both tested fungi. Also,
Aflatoxin G1 & G2 were inhibited due to (PCS) treatment
in A.flavus., while it is absent and not detected in
A.parasiticus. in control and treated samples.

3.5. Cytotoxicity Assay

The ICsy and EC,(y were measured in the present study
to evaluate the cytotoxicity effect of probiotic culture
supernatant toward normal human peripheral blood
mononuclear cells (PBMCs) using MTT assay. (Table 6)
represents 1Csy and EC ppg/ml of single and combined
probiotic culture supernatant. The maximum safe
concentrations ECgowere 154.06, 139.22 &132.96 ng/ml
for single Lactobacillus acidophilus, Lactobacillus plantarum
and Bifidobacterium bifidum, respectively. The double and
triple mixed probiotic culture supernatant (Lactobacillus
plantarum + Lactobacillus acidophilus) and (Lactobacillus
plantarum + Lactobacillus acidophilus + Bifidobacterium
bifidum) gave the same effect as individual (PCS) with
values between 168.9 and134.74 ng/ml respectively. Data
in (Table 6) show that the highest values of ICsg
were 312.53 & 367.9 pg/ml in single and double mixed
(PCS) of Lactobacillus acidophilus only or along with
Lactobacillus  plantarum respectively. Meanwhile, no
significant difference was observed between the doubleor
triple combined probiotic culture supernatant (PCS). IC50
revealed that the maximum concentration recorded were
312.53, followed by 258.09, and 249.61, pg/ml for single
probiotic culture supernatant of (Lactobacillus plantarum,
Lactobacillus acidophilus and Bifidobacterium bifidum)
respectively. In addition, the mixed (PCS) gave the same
effect with value 367.9 and 360.83 indouble and triple

mixed (PCS) (Lactobacillus plantarum + Lactobacillus
acidophilus)  and  (Lactobacillus  plantarum  +
Lactobacillus acidophilus + Bifidobacterium bifidum) are
respectively. However, the highest 1Cs, reflect safety of
both combined probiotic filterate.

Table 6. ICsy and EC,y of probiotic culture supernatant against
human PBMCs

probiotic culture supernatant (PCS)  ICs, (ng/ml) (p]::g(/jrlrolﬂl)
Lactobacillus acidophilus (L.a.) 312.53+19.44  154.06+8.54
Lactobacillus plantarum (L.p.) 258.09+6.11 139.2242.46
Bifidobacterium bifidum (B.b.) 249.61+5.95 132.96+7.02
L. acidophilus +L. plantarum 367.945.9 168.9+2.8
L. acidophilus + L. plantarum + 360.8346.6 1347424 94

B.bifidum

All values were expressed as mean =+ SE at p< 0.05

3.6. Antioxidant and Reducing Power of
Probiotic Culture Supernatant (DPPH
Assay)

Data in (Table 7) shows the results of antioxidant
activity of probiotic culture supernatant on DPPH.
Scavenging activity of probiotic culture supernatant on 1,1
Diphenyl-2-picrylhydrazyl (DPPH) is shown in (Table 7).
Results revealed that the radicals scavenging activity of
probiotic at IC50 were 34.19, 42.45 and 42.67 pg/ml as
individual probiotic culture supernatant for (Lactobacillus
plantarum, Lactobacillus acidophilus and Bifidobacterium
bifidum) respectively. eanwhile, these values were 14.3 &
52.51 in twice mixed (Lactobacillus plantarum,
Lactobacillus acidophilus) and triple mixed filterates
(Lactobacillus plantarum, Lactobacillus acidophilus and
Bifidobacterium bifidum compared to 4.46 for vit.C as
reference standard control. Scavenging activity of
(Lactobacillus acidophilus show highest potential than
other filterates inthe present study. Not only mixed
probiotic culture supernatant (Lactobacillus plantarum,
Lactobacillus  acidophilus) appeared higher potential
scavenging power activity than all individual or triple
mixed filterates with B.b.but, also, it have higher ICsy &
EC,o0 as shown (Table 6). Accordingly, data show high
potential antioxidant activity of these filterates against
DPPH radicals. It is worth to mention that, both two
combined probiotic culture supernatant represent three
fold of vit.C scavenging activity and consequently, reflect
the powerful of those both double mixed probiotic culture
supernatant as a superior additive substance to food in
biological defense system against oxidative stress.

Table 7. DPPH scavenging activity of single and mixed probiotic
culture supernatant (PCS) (L. acidophilus, L.plantarum and B.
bifidum)

Individual or mixed PCFs IC50 (ng/ml)
Lactobacillus acidophilus (L.a.) 34.19+1.04
Lactobacillus plantarum (L.p.) 42.45+1.08
Bifidobacterium bifidum (B.b.) 42.67+0.46
L. acidophilus +L. plantarum 14.3+1.2
L. acidophilus + L. plantarum + B.bifidum 52.51£0.6
Vitamin C 4.46+0.38

All values were expressed as mean = SE at p< 0.05
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3.7. Total Phenolic Compounds in Probiotic
Culture Supernatant (PCS)

Total phenolics concentration of probiotic culture
supernatant was determined and reached 140.5 mg as Gallic
acid/g mixed probiotic culture supernatant (PCS). The obtained
results revealed higher antioxidant capacity of these probiotic
culture supernatant which reflect its abilityto play a promising
role as scavengerof free radicals and considered as a good
benefit scavenger when added to food, as food additive.

3.8. HPLC Analysis of Phenolic Compounds
for Mixed Probiotic Culture Supernatant

HPLC analysis for mixed probiotic culture supernatant
(PCS) has been used to qualitative and quantitative
analysis of different phenolic compounds found in (PCS).
As shown in (Figure 5) and Table 8, forty peaks of
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phenolic compounds have been appeared in chromatogram
(Figure 5). On one side, fourteen phenolic compounds
were detected and identified while,the rest twenty six
compound detected but were unknown as shown in
chromatogram (Figure 5). The obtained results revealed
that, the highest phenolic compound was p-hydroxy
benzoic acid with concentration 16.13 mg/100g. While the
lowest phenolic compound was p-coumaric acid with
concentration 0.04 mg/100g in mixed (PCS). The rest
fourteen compounds showed a different concentrations
and their range was variable and ranged between the two
mentioned values. Fractionated phenolic compounds
found in (Figure 5) have antifungal properties like benzoic
acid, Salicylic acid, Gallic acid o-Coumaric acid and
Gallic acid which found in 1.83, 3.40, 1.20, 0.50, 1.20
mg/100g (PCS) respectively. Most of the (PCS) phenolic
compounds have antifungal activity against both of
A. flavus. and and A. parasticus.

Table 8. Qualitative and quantitative fractionated phenolic compounds of mixed probiotic culture supernatant (PCS) (mg/100 g) from HPLC

chromatogram
Number Retention time Phenolic compound Conc. (mg %)
6 4.116 Gallic acid 1.20+0.084
10 8.542 Catechol 0.49+0.061
12 10.32 p- Hydroxy benzoic acid 16.13+1.82
13 10.341 Caffeine 0.28+0.051
14 11.463 Vanillic acid 0.46+0.15
15 11.850 Caffeic acid 0.06+0.021
18 13.451 Syringic acid ND
19 7.764 Vanillin 1.13£0.27
20 14.598 p- Coumaric acid 0.04+0.014
22 15.723 Ferulic acid 0.07+0.012
26 17.163 Ellagic acid 0.44+0.016
27 17.900 Benzoic acid 1.83+0.36
28 18.495 o- Coumaric acid 0.50+0.0.41
31 20.063. Salicylic acid 3.40+0.24
34 23.388 Cinnamic acid 0.15+0.013
All values were expressed as mean + SE at p< 0.05
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4. Discussion

Probiotic culture supernatant of microorganisms of
probiotic bacteria L. acidophilus and L. plantarum and
B.bifidum were evaluated as natural probiotic culture
supernatant to control food contamination and as food
additive agents to prevent or reduce aflatoxin production
by Aspergillus flavus and Aspergillus parasiticus. All
probiotic culture supernatant significantly inhibit and
reduce the growth of Aspergillus flavus and Aspergillus
parasiticus (Table 1, Table 2, Table 3, Table 4 & Table 5)
and (Figure 4). However, the good results were obtained
when the filterates of the three probiotic bacterial strains
(Lactobacillus plantarum, Lactobacillus acidophilus and
Bifidobacterium bifidum) were mixed with concentration
of 1%. Abbaszadeh et al. [27] reported that lactic
acid bacteria showed high antifungal activity against;
Asprigllus flavus, A. niger, A. parasiticus and Penicillum
chrysogenum [7,11,28]. Moreover, both Bifidobacterium
Bifidum and Lactobacillus fermentum showed high
antifungal activity and suppersion the aflatoxin production
by A. parasiticus [29]. It was reported that a wide range of
species and subspecies include; Lactococcus lactis, L.
cremoris, L. diacetylactis, L. acidophilus, L. plantarum
and L. curvatus are cabaple to inhibit the growth of some
pathogenic fungi. The inhibition was performed through
proteins and polypeptides produced by these bacterial
species [30]. Hassan and Bullerman 2008 [31], indicated
that the probiotic bacteria which used as starters in the
food in the past, produce different active bicompounds
which able to resist the actvivity of the microbal toxins
and they reported that among these active metabolites are;
fatty acids, organic acids, aroma compounds, hydrogen
peroxide and bacteriocins.

The results obtained, are evaluated by measuring the
mycelial growth and quantification of aflatoxin B1, B2,
G1 & G2 production. Data revealed that soluble biomolecules
compounds secretedin mixed probiotic culture supernatant
(PCS) was able to block the aflatoxin biosynthesis
pathway at concentration as shown in (Table 5). In
addition, B1 decreased from 75.265 to 18.248 ng/ml in
Aspergillus flavus and from 168.249 to 40.423 ng/ml in
Aspergillus  parasiticus with a variable significant
effect on mycelium growth with values 0.5, 4.7 and
3.1, 3.5 inhibition zones of mycelium and spores or
spores depending the concentration percentage of
mixed proproties culture supernatant (PCS) utilized in the
present study. The study confirms that probiotic culture
supernatant (PCS) compounds have antifungal activity
against Aspergillus flavus and Aspergillus parasiticus.
However, analyzing and fractionation of this effective
mixed probiotic culture supernatant (PCS) by HPLC
technique detected and identified 16 phenolic compounds
that interpret the potential antioxidant properties and
antifungal activity of probiotic culture supernatant (PCS)
may be due to mainly to those bioactive molecules founds
in these probiotic culture supernatant. Reference [32,33]
found that 20 isolates of A. parasiticus all of them
are able to produce aflatoxins; G1, B1, G2, and B2 at
concentration ranges between 1.7-18.2 and 0-8.2 ng/g and
succeded to reduce the aflatoxin production by lactic acid
bacteria. Ghazvini et al. [29] reported that lactic acid
bacteria succeded to reduce the aflatoxin production by

99% for the treated A. parasiticus. In addition, the
reduction was observed in the fractions of aflatoxins; B1,
G1 and G2. These results agree with the results obtained
in this study that the reduction reached to 127%,

The present work proved that the mixed probiotic
culture supernatant of Lactobacillus  acidophilus,
Lactobacillus  plantarum and Bifidobacterium.bifidium
succeded high antifungal activity. Besides, the inhibition
growth of Aspergillus flavus and Aspergillus parasiticus
by probiotic culture supernatant (PCS) was confirmed
using antimicrobial tests and HPLC analysis which
revealed the presence of phenolic compounds presented
in identical chromatogram (Figure 5). Some phenolic
compounds found in higher percentage and other not, this
may be interpreting the potential power of phenolic
compounds as antioxidants capacity and antifungal
activity. Also, probiotic culture supernatant show phenolic
compounds like benzoic acid and salicylic acid which
responsible for antifungal activity. In addition, Gallic acid
plays a principal role in protecting the probiotic organisms
from fungal invasion. This result are in accordance with
Reference [6] who reported that soluble phenolic
compounds have different resistance to infection and the
most inhibitory effect was produced by T-cinnamic acid
followed by p-hydroxy benzoic acid, vanillin and salicylic
acid. Moreover, Reference [34] reported that the active
fractions of phenolic compounds include p-benzoic acid.
These compounds in concentrations of 10 ppm inhibit
growth of the test organism by 10-15% when acting
separately, but 100% when all mixed were applied. The
inhibition was 40% by Lactobacillus plantarum alone.
The inhibition was 10-15% by separate culture
supernatant in concentrations of 10 ppm and maximally
20% in combinations. Fungal growth was inhibited by
unfractionated Lactobacillus plantarum culture supernatant
was 37%. In addition, benzoic acid which detected in
proproties culture supernatant (PCS) is one of the oldest
chemical preservatives used in the cosmetic, drug and
food industries. Benzoic acid has GRAS (Generally
Recognized As Safe) status and sodium benzoate was the
first chemical preservative approved by the US Food and
Drug Administration for use in foods [35]. The activity of
benzoic acid (pKa 4-19) is greatest at low pH values. Most
yeasts and fungi are inhibited by 0-05-0-1% of the
undissociated acid [36].

Lactobacillus acidophilus culture supernatant is the best
culture supernatant among those used even individual or
mixed with Lactobacillus plantarum The antimicrobial
activity of proproties culture supernatant against
Aspergillus flavus fungi revealed that those filterate
possess varied medicinal properties and antioxidant
activity that was effective in decreasing and lowering cell
cytotoxicity (Table 6). In addition, those obtained culture
supernatant 1% proproties culture supernatant (PCS)
induced inhibition of aflatoxins production from either
Aspergillus  flavus or Aspergillus. Parasiticus. A.
parasiticus with values 18.24 ng/ml and 40.42% in treated
samples compared to 75.26 & 168.24 in AFBI in control
and as shown in level of AFB2, AFG1 & AFG2 (Table 4)
which reflect the antitoxigenic properties of those culture
supernatant as inhibitors agents for fungi to secret
aflatoxins.This results are in accordance with Reference
[37] found that some linoleic acid derivatives are able to
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inhibit toxin synthesis in Aspergillus spp. Accordingly to
antioxidant analysis probiotic possess and exhibit the
highest antioxidant activity, this could be related with
their content of natural compounds in culture supernatant
synthesis by probiotic bacteria. Also, the presence and
abundance of detected compounds could be associated
with a general status of the physiology of the probiotic
organism. On other words, all components detected could
be involved in fungus defense system.

In the present study, crude culture supernatant of
probiotic bacteria (Lactobacillus plantarum, Lactobacillus
acidophilus and Bifidobacterium bifidum) were tested
individual or in mixed as inhibitors for the growth of
aflatoxins fungi Aspergillus flavus Aspergillus parasiticus,
besides, the production of aflatoxins. Thus, these filterates
offer very interesting opportunity as alternative safe
agents against oxidative stress and protective the body
from hazardous of aflatoxins antifungal which related to
cancer induction, like nephrotoxicity, hepatotoxicity
mutagenic, teratogenic and carcinogenic effects. The
combined culture filterates of probiotic found to be highly
effective antioxidant rich with phenolic compounds as
proved from HPLC analysis improving and enhanced
antioxidant enzymes and protect cell from damage. Not
only that, but also, lowered aflatoxins production from
toxic fungi Aspergillus Species. The same observation
was demonstrated by Reference [38], they used a mix of
probiotic culture supernatant against different strains of
asprigillus. The obtained results in this results are agree
with the results obtained by [39,10,40,41,42], all of these
scientists examined the activity of different probiotics
bacteria as antifungal and they reported that the
metabolites produced by different bacteria could react as
antitoxic and as growth inhbitors for different types of
food borne fungi.

5. Conclusion

In the present study, proproties culture supernatant of
probiotic  bacteria  Lactobacillus  plantarum  (L.p),
Lactobacillus acidophilus (L.a), Bifidobacterium bifidum
(B.b). were tested individual or mixed as inhibitors for the
growth of fungi Aspergillus Flavus and Aspergillus
parasiticus, and the production of Aflatoxins as well. Our
results revealed that the mixed probiotic culture supernatant
represent as alternative safe therapeutic agents and as food
additive to inhibition fungal growth and aflatoxin
production and protecting us from the hazardous effects
resulted from aflatoxin. Moreover, the result obtained also
suggested that mixed probiotic culture supernatant could
be consider as promising and potential antitoxin product
as food additive to control food contamination and as a
protective new natural substance agent.
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