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Abstract

Consumption of food and water contaminated with heavy metals poses a huge threat to the life. Both of Lead (Pb) and
Cadmium (Cd) are heavy metals and important environmental pollutants. Away from traditional treatments, the current study
aims to adopt probiotic bacteria Pediococcus pentosaceu to treat heavy metal pollution. Present results indicated a good
probiotic property of P. pentosaceus, where they were able to survive pH range from 3-9, during incubation periods 3 and 24
hours, and bile salt range 0.15-0.5% for the same period. The number of bacteria in gastric (pH 3) and intestinal juices (pH 8)
after 24 hours of incubation was 390 and 205, respectively. Bacteria showed an inhibitory effect against pathogenic bacteria
Salmonella sp. The antibiotic susceptibility test revealed them resistant to clindamycin, intermediate resistant against
benzylpenicillin, ampicillin, and their sensitivity to the rest tested antibiotics. Isolated bacteria identified based on their
morphology, biochemical characteristic in addition to the use of automated instrument for bacterial identification (Vitek II),
and depending on the results bacteria were identified as P. pentosaceus. In bioremediation study, the lowest inhibitory
concentration of lead and cadmium and (MIC) was done, followed by assay the removal capacity by P. pentosaceus, using
atomic absorption spectrometry (AAS) analysis. Bacteria show high MIC (1800 and 150 ppm) for Pb and Cd respectively.
With removal efficiency for Pb 62.10-68.39% in the concentrations 25 and 50 ppm, respectively, and for Cd 52.71-11.25% in
the same concentrations. Depending on the present finding probiotic bacteria (P. pentosaceus) can apply in the bioremediation
of heavy metals in the fish ponds when contamination occurs, in addition to their tradition used as safety additive to prevent
fish disease and an enhancement agent .Finally the isolation of these bacteria from fish ponds can be considered as a good
indicator for a healthy state of fish ponds in the studied area.
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Introduction

Both of Lead (Pb) and cadmium (Cd) are the two great
toxic heavy metals in the environment, reported in the
priority list of dangerous matter on the 2™ and 7% places,
respectively (1). They are biologically nonessential and
non-degradable and tend to accumulate in exposed
organisms. The aquatic environment is very susceptible to
heavy metal contamination, and the gradual increase of
these metals in aquatic environments has become a major
problem. Fish are the water inhabitants, that can be heavily
affected by heavy metals. In spite of the constitutive efforts
to protect the health from hazardous heavy metals,
occupational and environmental exposures to Pb and Cd
remain a serious problem in many countries (2). Several
modified and sophisticated techniques have emerged,
including many methods of biological treatment to improve
the environment contaminated with heavy metals. More
recently, the use of favorable microorganisms such as
probiotics has been a field that is likely to be shown to
scientists in the aquaculture field to care of aquatic animals
and for the conservation of the aquatic environment. In
most cases, probiotic bacteria, such as lactobacilli and
bifidobacterial separated from environmental samples and
the digestive tract have been used as an adjunct to improve
nutrition, growth, disease controls (3,4), and the immune
response (5). There are also many studies that have been
shown that the Lactic acid bacteria (LAB) and particularly
lactobacilli can bind heavy metals, so they can consider as a
hopeful means for eliminating of heavy metals from food
and water and may be the digestive tract as well, the
extension of LAB applying in the food industry as a
probiotic. Unlike classical remediation process, the binding
of bacterial metal ions is nonspecific and environmentally
benign, cheap, and active even at low metal ion
concentrations (6). The removal of heavy metals with lactic
acid bacteria (LAB) has been studied in numerous previous
works (7-9). LAB is group of bacteria which give a positive
reaction toward gram stains, under light microscope, they
occur with rod or coccus shape. Their DNA has less than
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55% mol from G+C, they don’t form spore, cannot move,
microaerophilic, they fermented carbohydrates to the lactic
acid as their main end product. LABs are usually presented
in an environment where the nutrient is being rich such as
(milk, meat, vegetables), fermented decay material and the
mucosal layer of the digestive tract of organisms (10).
Probiotic bacteria are the majority of microbes that can be
safely used in medical and veterinary applications (11), and
there’s many criteria the bacteria must be achieved to be
perfect as a probiotic, such as the ability to survive at low
pH in the stomach and high concentrations of bile salts
available so as to reach the hindgut in good form and effort
their advantageous properties (8). One of the important
properties of probiotic is its ability to improve the immune
performance of the host and therefore it must have
antagonistic activity against pathogens, beside their ability
to live with substances that act as antibacterial agents like
organic acids, heavy metals, hydrogen peroxide and
antifungal compounds (12).

From the above introduction, this study intends to
isolate and individualize of probiotics from fish farming
and demonstrate their in vitro bioremediation ability for
Lead and Cadmium.

Material and methods

Collection of samples

Nine water samples were collected from three Cyprinus
carpio (common carp) fish ponds located in Marine Science
Center, Basra University, Al- Garma campus, using 500 ml
glass bottles, during April 2018. Samples putted in ice box
and transfer to the lab where saved under cooling 4 °C till
be used. The feed used in these ponds not contain any
bacterial additive, and it was confirmed that no additional
supplements were added to feed of fish in these ponds.

Isolation and enumeration of bacteria from water of the
fish pond

A series of dilution was performed under severe
sterilization for all water samples collected, then 0.1 ml of
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each dilution planted on the surface of de Mann Rogosa
Sharpe agar medium (MRS, Hi media) (13), and then
incubated aerobically at 37 °C for 48 hours. The clear
bacterial colonies were taken from the plant medium to
produce pure culture.

Characterize of bacteria

Morphological and biochemical tests were carried out
for diagnosis the probable type of bacterial colony from
MRS agar (14), and for certain the identification Vitek 11
(Biomerieux, USA), also has been used.

Probiotic properties of the isolate

Probiotic properties of identification bacteria, such as
survive in acid, tolerance against bile salt, and tolerance to
gastrointestinal juices have been studied as follows.

Affording to Acid

The acid tolerance test has been done using MRS broth
with different pH 3, 5, 7, and 9, which prepared using HCI
1% (J. T. Baker) and NaOH IN (Hi media) in addition to
control flask (15), then autoclaved at 121 °C for 15 minutes
(triplicate has been used for each test). 0.1 ml of overnight
cultured bacteria in MRS broth has been used to inoculate
each flask, which then incubated at 30 °C. Optical density
(OD) as the growth rate of bacteria was measured by a
spectrophotometer (Shimadzu, UV-1800, Japan) at 600 nm
after 3, and 24 hours incubation (9).

Bile tolerance (Oxgall treatment)

For this test MRS broth with different concentration of
Oxgall bile salts (Difco) has been prepared 0.0, 0.15, 0.25,
and 0.3% (w/v). Then each concentration inoculated with
0.1 ml from overnight cultured bacteria and incubated at 30
°C. The growth of bacteria in each concentration has been
assessed after incubation at 37 °C for 4 and 24 hours by
measuring the optical density at 600 nm using
spectrophotometer (Shimadzu, UV-1800, Japan) (16).

Afford to simulate human gastrointestinal tract

To provide in vitro situation as those found in the
digestive tract, both of gastric and pancreatic juices were
prepared by dissolving 3 mg.ml"! from pepsin (Sigma) and
1 mg.ml"! from pancreatin USP (Sigma- Aldrich) in sterile
sodium chloride solution (0.5%, w/v). Hydrochloric acid (3
mol.L ") and NaOH (1 mol.L!) have been used to revising
the pH to 3 and 8 respectively. 0.2 ml of the overnight
bacterial rinse in phosphate buffered saline (pH 7.0) were
injected with 1.0 ml of simulated gastric or pancreatic juice
and 0.3 ml NaCl (0.5%, w/v), then incubated at 37 °C.
Colony forming unit (CFU /ml) was counted after
incubation for 180 min for gastric tolerance, and 240 min
for basic pH tolerance (17).
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Antibacterial test

Freshwater fish pathogens, Salmonella sp. were used to
study the antibacterial ability of probiotic bacteria using
well diffusion techniques. Shortly, 1 ml of overnight culture
of Salmonella sp in Tryptone soya broth (TSB, Hi media)
was distributed through sterile loop on tryptone soy agar
(TSA, Hi media). A probiotic suspension used as an
antibacterial agent was obtained from a 24 hours bacterial
culture after being centrifuged at 3000 rpm for 5 minutes

(16).

Antibiotic susceptibility test

Automated way using Vitek II, were applied to study
the sensitivity of probiotic against many antibiotics. The
tests are run similarly on cards which have of attenuation of
antimicrobials to appoint the break point, which mentioned
to the minimum inhibitory concentration (MIC) of
antibiotic.

Heavy Metal Tolerance Assays
Preparation of heavy metals concentrations

To prepare stock solutions from the heavy metal salts,
the exact weight of Pb (NOs), and Cd (NOs), H,O were
dissolved in sterile deionized distilled water. Then suitable
serial dilution of these stock solutions was used to make
different concentrations of Cd (II) and Pb (II) (18).

The lowest inhibitory concentration

This test usually used to detect the ability of bacteria to
tolerate heavy metals. Loopful of the overnight growing
probiotic bacteria in MRS broth (MRS, Hi media), at 37 °C,
was taken aseptically and streaked onto a plate of MRS
agar supplemented with various concentrations of Cd, and
Pb (25, 50, 100, 250, 500, 1000, 1500, 1800 and 2000
ppm). The plates were then incubated at 37 °C for 48 hours.
A colony or limited growth was ignored. The lowest
concentration of heavy metals leading to growth inhibition
was determined to be the MIC. This procedure was carried
out in triplicate, as one of them was control (19).

Biosorption study

2 ml of the overnight bacterial pending was used to
vaccinate MRS broth appended with 25 and 50 ppm of Cd,
and Pb, Then the broth nestles at 37 °C for 24 hrs. After
that broth has been centrifuged at 3000 rpm for 20 min, the
supernatant was used to assay Cd, and Pb removal by
bacteria using flame atomic absorption spectrophotometer
(AAS 6300, Shimadzu, Japan). This experiment has been
done in triplicate as one of them was control. The bacterial
efficiency in remove Cd, and Pb was calculated as
percentage of removal using the equation below:
% Removal = (decline in HM concentration + Initial HM
concentration) x 100 Where, HM means heavy metal (19).
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Results

Isolation and identification of P. pentosaceus

During the current search, only the isolate that gave
positive reactions to gram stain and negative reaction to
catalase were selected for additional diagnosis. The bacteria
have been identified as P. pentosaceus through its
phenotypic, culture characteristics, and based on
biochemical tests. The colony properties of these bacteria
were examined by aseptically handling, colony and
transferred it to the selective medium (medium MRS) to
monitor the growth pattern of the isolates. The colonies
were creamy white, circular, low convex with a full rim
were regarded as belonging to the genus P. pentosaceus
(Table 1). and for more confirmation it’s identified by
Vitek II, with confidence degree 95%.

Table 1: Morphological, and biochemical properties of the
bacteria

Colony Morphology

Configuration Round
Cell shape Round
Motility Non motile
Pigment White Creamy
Gram reaction +
Surface Mucoid
Biochemical Tests

H2S formation -
Catalase -
Nitrate reduction -
Urease -
Indole Production +
Methyl red test +

V. P. Reaction +
Citrate utilization +
Acid Production from

Glucose +
Lactose +
Maltose +

Acid tolerance test

The results in Table 2 showed that the growth of
bacteria appeared during a range of pH 3-9, and during
three and 24 hours, duration. These results indicated that P.
pentosaceus having the most important feature of probiotic
bacteria, which is their ability to alive in stomach where
high acidity.

Tolerance against Bile salt

To be ensured from bile salts tolerance in the studied
bacteria, they were analyzed to a greater extent for their
ability to survive at different concentrations of bile salt
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(0,0.15, 0.25 and 0.5%), and during different incubation
period (3 and 24 hours) results showed the capacity of the
bacteria to survive under studied concentrations of bile
salts, however, the growth of bacteria decreased with the
increase concentration of bile salt also their survive were
less in 24 hours of incubation than this in 3 hours (Table 2).

Probiotic survival in gastric and intestinal juices

The probiotic survival rate in both gastric and
pancreatin juices was as shown in the table 2, results
showed that bacteria could survive in both juices (pH 3 and
pH 8) during 24 hours, with efficient survive in pH 3 than
in pH 8.

Detection of antimicrobial activity

Result showed that the cell free solution of P.
pentosaceus was able to inhibit the growth of pathogenic
bacteria Salmonella sp.

Antibiotic susceptibility in P. pentosaceus

Table 2, shows the MIC values obtained for the
different antibiotics tested in the studied bacteria. To
determine whether an organism is sensitive, mild opponent
or opponents to antimicrobials, the break value of MIC is
adopted. From results we can conclude that the
understudying bacteria was sensitive to the most studied
antibiotics with differ in MIC wvalue, whereas it was
resistance to only inducible Clindamycin.

Metal resistant pattern

In order to evaluate the bioremediation ability of the
isolates, bacteria were investigated for their tolerance to
different concentrations of Pb, and Cd by assessing their
minimal inhibitory concentrations (MICs). Results of MIC
values were shown in the Table3. As it can be seen from the
results, the value of MIC was greater for Pb 1800 ppm than
this for Cd 150 ppm. In this context, it may be inferred
although P. pentosaceus was resistant against Pb and Cd,
but it was more resistant to Pb than Cd. In bioremediation
study two concentration 25 and 50 ppm from Pb and Cd has
been used and Results in (Table 3) indicated that the
percentage of Pb removal were 62.10 and 68.39% for the
concentration 25 and 50 ppm respectively, and for Cd they
were 52.71 and 11.25%. Results also indicated that the
studied bacteria were able to remove Pb more than their
ability in removing Cd. Another conclusion can be added,
the ability of bacteria to remove Pb increases with increased
concentration, while Cd removal decreases with increased
concentration, which means that Cd removal ability is
concentration dependent, from the highest Cd concentration
(50 ppm) a smaller fraction was removed than from the 25

ppm.
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Table 2: Effect of both pH and concentration of bile salts in
the survival of P. pentosaceus, the number of bacteria in
gastric and intestinal juices, and Antibiotic sensitivity
pattern of various antibiotics

. Optical density Optical density
MediumpH ) 1) (3 hours) (600 nm) (24 hours)
3 0.564 0.327
5 0.886 0.639
7 1.629 1.687
9 1.511 1.645

. Optical density Optical density
Bile salt % (600 nm) (3 hours) (600 nm) (24 hours)
Zero 1.686 1.557
0.15 0.161 0.568
0.25 0.132 0.398
0.5 0.125 0.239

Number of bacteria Number of bacteria in
in gastric juice intestinal juice
(pH 3) (24 hours) (pH 8) (24 hours)
390 205

Antimicrobial MIC Interpretation
Benzylpenicillir 1 I
Ampicillin 0.5 I
Cefotaxime 0.5 S
Ceftriaxone 1 S
Levofloxacin S
Clindamycin R
Erythromycin <=0.12 S
Clindamycin <=0.25 S
Linezolid <=2 S
Vancomycin 0.25 S
Tetracycline 0.5 S

Table 3: The minimum inhibitory concentration (ppm), and
heavy metals removal (%)

Heavy Heavy metals removed (%)/24h

metals MIC (ppm) 25 ppm 50 ppm
Pb 1800 62.10 68.39
Cd 150 52.71 11.25
Discussion
Depending on the traditional way included the

morphological and biochemical tests the isolated bacteria in
present study has been identified as P. pentosaceus, and this
finding also emphasis by using the Vitek II, which gave us
result with confidence degree 95%. This results covenant
with the results recorded by Ayo-Olalusi (6). Different
feature related to good probiotic properties of bacteria has
been studied. The high acidity in the stomach is considered
one of the most important elements that can affect the
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survival of probiotics (20). Therefore, to be ensure from
probiotic properties, testing their viability and functionality
in acidic conditions must be defended, possessing this
property is very important as probiotic bacteria have to pass
through the stomach were strongly acidic condition found
to arrive the intestines. Nevertheless, probiotic bacteria
have different susceptibility to acidify depending on their
types and strains and strain dependent (21).

Good probiotic sources must at least stay alive at pH 3
(22), because of the high acidity in the stomach. The
present finding revealed that these bacteria were able to
survive in extreme acidic condition, and these outcomes
harmonize with the results reported by (23), and can be
proved that the studied bacteria have one of the most
selective standards for probiotic bacteria (24). Acid
tolerance in probiotic bacteria also reported in other studies,
Damayanti et al. (25) reported the viability of lactic acid
bacteria Lactobacillus plantarum was 92.61% at pH 3 after
90 minutes. Raghad et al. (26) reported that the all isolates
of pediococcus bacteria have the ability to survive in acidic
conditions for 3 hour and 24 hours. The study of resistance
to bile salts by probiotic bacteria consider extremely
important, that the one of the most important features in the
probiotic bacteria is their tolerance to the bile salts, because
bile salts can act as antibacterial agents towards normal
flora (21). Ability to survive in the bile salt also has been
studied, and bacteria showed good ability to survive in a
bile salt concentration 0, 0.15, 0.25 and 0.5%, but with an
increase the bile salt concentration the bacterial survive
decrease. Similar results were recorded by Allameh et al
(9), where they find out, significant decrease in the growth
of L. mesenteroides by increasing bile salt concentration.
Also, Sukumar and Ghosh (27) reported that Pediococcus
spp. which were isolated from an Indian fermented food
showed meaningful bile tolerance. Shin et al. (28) finds out
that the P. pentosaceous SH740 isolated from GIT of
broiler chickens were survive in the 0.5% bile salts and stay
viable after 2 hours at pH 3. The combined effect of the
pepsin (pH 3) solution and the pancreatin solution (pH 8)
was intended to simulate the gastric and intestinal juice
respectively. Results indicated that the bacteria could
survive in both solutions, however their survive was more
in gastric solution than in pancreatin solution. Similarly,
Grimoud et al. (29) reported that Lactobacillus strains have
more survival rates under gastric conditions than the
survival rate in the intestines. Tokatl er al (30) also
reported that they all studied strain of L. plantarum and L.
brevis more resistance to intestinal conditions than gastric
juice. Probiotic also showed good inhibition action towered
pathogenic bacteria. The inhibition of pathogenic bacteria is
due to the inhibitory action of the extracellular and to
diffusible metabolites by P. pentosaceus. These findings are
appropriate for those who have been indicated by (31,32).
Antibiotic sensitivity pattern of P. penfosaceous against
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various antibiotics has been studied and results indicated
that the bacteria was sensitive to the most studied
antibiotics with differ in MIC value, whereas it was
resistance to only inducible Clindamycin, in this respect
Klare et al (33) have been identified the MICs from 16
antimicrobials for 473 isolates of LAB, including
Lactobacillus, Pediococcus and Lactococcus, and results
proved that the vast majority of LAB were sensitive
towards penicillin, ampicillin, ampicillin / sulbactam,
quinupristin / dalfopristin, chloramphenicol and linezolid,
where’s, the resistant to streptomycin occur in three strains
of the probiotic. Another study has found that Lactobacillus
species are affected by many inhibitors of cell wall
synthesis, such as penicillin and ampicillin. Munoz-Atienza
et al (34) reported that P. pentosaceus LPP32, LPMS83 and
BS were clindamycin resistant.

The MIC is defined as the minimum concentration of a
heavy metal at which microbial growth is completely
inhibited due to its effect (35). To assess the ability of
bacteria to remediate heavy metals it’s important to
determine the minimum inhibitory concentration, in present
study P. pentosaceous showed a high value of MIC for both
Cd and Pb (150 and 1800 ppm) respectively, however the
MIC was more for Pb than for Cd. This can be attributed to
the high concentration of lead in the environment, which
made the bacteria more resistant to Pb than Cd. Similarly,
Bhakta et al (36) proved ability of six isolated from
Pediococcus dextrinicus and Pediococcus acidilactici to
tolerance, high concentration of Pb <1000, for all isolated,
where's the MIC value for a Cd range from 50 to 250 for
the six isolates. Li et al (37) reported that the MIC value for
Pb by L. bulgaricus KLDS10207 was >1000. Since the
bacteria under study showed high tolerance for both Pb and
Cd, so they were used in the study of removing of these two
metals using different concentration 25 and 50 ppm, and
during 24 hours. Bioremediation ability of P. pentosaceous
indicated ability of this bacteria to remove both Cd and Pb.
Like other gram positive bacteria, Lactobacillus cell surface
contains different charge group like carboxyl, hydroxyl, and
phosphate which result from the complex component of
their cell wall (thick peptidoglycan layer, (lipo) teichoic
acids, polysaccharides, and proteins, including S-layer
(glycol) proteins (19), and as a consequence they have large
number of ligand that can binding cations such as Cd and
Pb. Results also showed that P. pentosaceous was more
efficient in remove Pb than Cd. This can be attributed to
having a high MIC value for Pb than this for Cd, which
may be responsible for developing the possibilities of
bacteria in removing Pb. In the same context (36) showed
that Pb and Cd resistant. Lactobacillus strains were more
efficient in remove Pb than Cd. In the same context (38)
reported that the Pb removal by L. bulgaricus KLDS10207
reach to 79.18% with the initial Pb concentration 50 ppm.
Results indicated that the Cd removal by bacteria was
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concentration dependent where it was decrease with
increase the concentration, and this agree with (39). At a
concentration of 10 pg/l up to 70% could be removed
within 5 minute, and up to 90% after 1 hour, but at a
concentration of 1000 pg/l between 5 and 30% was
removed after 5 minute and between 20 and 55% after 1
hour (7), reported that the binding of both Cd and Pb by all
studied stain of LAB, were ranged between 61.8-87.8% and
30.2-92.6%, respectively.

Conclusions

In this study, by morphological and biochemical
investigation, isolated bacteria were identified as P.
pentosaceus and the results were verified using VitekIl. The
bacteria undergo various tests to evaluate their probiotic
characteristics. All were acids, bile and gastrointestinal
tolerance. Analogous features of antibiotic susceptibility
have been observed during this study and the bacteria have
an antibacterial activity against the bacteria test indicator,
and from the result can be concluded that they have perfect
probiotic properties. And the results of bioremediation
study indicated their ability to tolerate high concentration of
Pb, and Cd, where the MIC was 1800 and 150 ppm
respectively. Subsequently, an expanded flame AAS
analysis was acted to report the removal of heavy metals by
bacteria. The bacteria show a reasonable elimination of
both Cd, and Pb. It can be concluded that P. pentosaceus
has efficiency in removing both of Cd, and Pb from broth
culture emended with different concentration 25 and 50
ppm of Cd, and Pb. Thus, the presence of these bacteria in
fish ponds is of great importance in removing heavy metals
as well as their role as the basis food supplements.
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