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ABSTRACT:
The bacteria Streptococcus thermophilus belongs to the group of
lactic acid bacteria, where the research aims to identify the role
of Biosurfactant produced from the bacteria Streptococcus
thermophiles for its importance in limiting the growth of
Staphylococcus aureus and its effect on some of the
physiological parameters of the white rats male � Streptococcus
thermophilus were isolated from local white cheese, and then
120 clinical samples (Wounds, Burns, Blood) were collected.
Biosurfactant was extracted from Streptococcus thermophilus
and its inhibitory activity was evaluated against Staphylococcus
aureus. As well as, its resistance to some antibiotic effects was
studied and the effect of Biosurfactant on some physiological
parameters in white rats male.� 22 infected samples were
obtained, distributed between (11,8, and 3) for each of the
(Wound, Burn, and Blood) samples, respectively. The results
also showed resistance of bacteria S. aureus to some of the
antibiotics used in the study, the results of the statistical analysis
to evaluate the inhibitory activity of the Biosurfactant towards S.
aureus showed a significant increase at a significant level (P
<0.05). Besides, the effect of Biosurfactant on some
physiological parameters in white rats male by a significant
increase (P <0.05) in the number of red blood cells RBCs,
hemoglobin concentration Hb, and packed cell volume PCV in
the treatment group T compared to the control group C. It can be
concluded from this study the ability of Biosurfactant to
eliminate S. aureus isolated from various clinical samples and its
effect on the physiological parameters of white rats male.
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INTRODUCTION
Streptococcus thermophilus belongs to the group of lactic
acid bacteria, which is described as gram-positive bacteria,
spherical in shape, arranged in pairs or chains, facultatively
anaerobic, the optimum temperature for its growth is 37 °C,
and it can grow at high temperatures [1,2]. These bacteria
possess the specifications of probiotics and are therefore
widely used in this field, as well as have a long history of
safe use as a primer to the yoghurt industry [3]. Lactic acid
bacteria, including S. thermophilus, produce many
substances that inhibit microbial growth and have an
inhibitory effect on the growth of pathogenic microbes and
those that cause food spoilage, among which are lactic acid,
acetic acid, formic acid, ethanol, hydrogen peroxide,
diacetyl, bacteriocin, and fatty acids [4,5,6].These primer
bacteria are effective in the prevention and treatment of some
diseases caused by pathogenic microbes by several
mechanisms including the production of many inhibitory
substances. Besides, their ability to inhibit colonization of
pathogenic bacteria and treatment of gastrointestinal
infections, especially those caused by Clostridium difficile

and Helicobacter pylori [7], also it has a role in reducing
problems with lactose intolerance [8]. S. thermophilus is one
of the most important lactic acid bacteria used in fermented
milk primers, as it is used in the manufacture of yoghurt and
some types of cheese [9,10]. In addition to its role in
inhibiting diarrhea-causing bacteria ([11]. S. thermophilus or
its bacteriocin are used as probiotics and inhibiting the
bacteria causing spoilage such as Clostridium sporogenous
and Clostridium tyrobutyricum. Bacteriocin produced from
this bacterium, called Thermophilin, which has a wide
efficacy against pathogenic bacterial species such as Listeria
monocytogenes, Salmonella typhimurium, Escherichia coli,
and Yersinia pseudotuberculosis, Yersinia enterocolitica
[12,13]. S. thermophilus also produce a Biosurfactant that
have inhibitory activity against bacteria, fungi, and viruses
[14]. Furthermore, Biosurfactant is known as biomaterials
that reduce surface tension produced from some microbes,
they act as anti-microbial and anti-adhesion substances and
help get rid of some microorganisms, where these materials
contain multiple compositions such as Polysaccharide –

1protein complex, fatty acids, phospholipids,
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Lipolipid, and glycolipid. The biosurfactant has a role in
inhibiting the adhesion of pathogens causing urinary tract
infections and is used as a preventive agent to prevent the
adhesion of carcinogenic bacteria [15]. Staphylococcus
aureus is gram-positive bacteria, non-moving and not-
forming spores, it is part of the natural flora of a human.
However, it is one of the germs that can cause serious
infections when it occurs malfunction or infection to the
human skin or disorders of the immune system such as
meningitis and pneumonia, Endocarditis, and Rheumatoid
Arthritis [16]. Carriers of S. aureus are estimated to 30%, it is
among the germs that can cause serious infections when a
dysfunction or disorders in the host's body’s immune
defenses, this percentage increases in people working in
hospitals [17]. Infections with this type of bacteria occur
when it enters the tissues, through wounds, or by scratches,
or by touching the surface of the skin tissue of the host. As
they cause disorders and dysfunction in this tissue, by
secreting many enzymes, including Lipase, and
Hyaluronidase that helps bacteria spread and break down the
base material of the connective tissue [18]. The most
important pathological conditions that these bacteria cause in
humans are Urinary Tract Infection (UTI) and Toxic Lens
Syndrome after applying lenses, endocarditis, bacteremia,
skin abscesses, and congenital heart valve infection [19].As
well as, the hands of contaminated medical personnel in
hospitals play an important role in the transmission and
spread of Methicillin-resistant staphylococcus aureus MRSA
infection to medical devices and units, especially catheters
and dialysis machines [20]. Staphylococcus aureus showed
high resistance too many of the antibiotics used in the
treatment of infections resulting from these bacteria and that
the attempts made by many researchers to alter the antibiotics
or to produce new types of them met with limited success.
All types of staphylococcus aureus showed high resistance to
antibiotics such as Erythromycin and Tetracycline and
penicillin [21,22], pointed out in a study of 151 isolates of
Staphylococcus aureus which tested their sensitivity to
Erythromycin, 53 isolates were resistant to this antibiotic,
while 25 isolates were stimulant-resistant to Erythromycin
and Streptomycin, while their sensitivity to Quinolone
antibiotic was contradicted [23].
This bacterium was chosen because of its widespread and its
responsibility for various severe infections among
hospitalized patients. In addition to the random use of
antibiotics stimulated the resistance of bacteria to many of
them, and due to the lack of local studies on the
Biosurfactant production from bacteria Streptococcus
thermophilus isolated from Iraqi white cheese. As well as,
the importance of these therapeutic and preventive bacteria
and their role in inhibiting bacterial pathogens, including
bacteria Staphylococcus aureus in samples taken from
various clinical injuries and determining the proportion of its
resistance to antibodies because of its great importance to the
patient's health. Therefore, this study was carried out to
investigate the production of Biosurfactant from S.
thermophilus and its inhibitory effect on the growth of
Staphylococcus aureus and its effect on some physiological
parameters for white rat's male.

MATERIALS AND METHODS:
1- Bacterial isolates:
 Streptococcus thermophilus: bacteria S.
thermophiles were isolated from local white cheese made by
the traditional method and from non-thermally processed
milk, selected from a group of isolates on the (De Man,
Rogosa and Sharpe) MRS medium, which was confirmed as
being identified using the following cultural and biochemical
tests mentioned in [1].

 Pathological bacterial isolates: Staphylococcus
aureus was isolated from various clinical infections, where
120 different samples of the human body (Wounds, Burns,
Blood) were collected from adult patients for both sexes from
patients of Imam AL-Hussain Teaching Hospital in city of
Karbala. The samples were cultured on the blood agar
medium, then they were transferred to the selective medium,
after which the isolates were identified depending on the
microscopic and cultural characteristics, where several
biochemical tests were carried out according to [24]
procedure. In addition, APi Staph kit was used, as well as
using Vitek 2 compact system to confirm the identification.
2- Sensitivity test for antibiotics:
The Disk diffusion method mentioned in [25] was adopted
to conduct an antibiotic sensitivity test using Mueller Hinton
agar medium and included each of Amoxicillin /clavulanic
acid (30μg) Ceftazidime (30μg). As well as, Norfloxacin
(30μg), Gentamicin (10μg), Penicillin G (10 μg),
Choloramphinicol (10μg) Amoxicillin (25μg), Ampicillin
(10μg), Cefotaxime (30 μg) (Bioanalysis, Turkey) and the
results were compared with the standard Tables mentioned in
[26] to determine the diameter of the inhibition zone.
3- Extraction of Biosurfactant from Streptococcus
thermophilus:
Biosurfactant was extracted using the method mentioned in
[15], the liquid MRS medium was inoculated with an S.
thermophilus farm at age 24 hours, and incubated at 37 ° C
for 18 hours. Then it was centrifuged at 10,000 rpm for 5
minutes and washed twice and the cells were re-suspended
with phosphate-buffered saline PBS solution and then left at
room temperature for two hours on the magnetic motor,
centrifuged to get rid of cell residue. Finally, the liquid was
filtered through 0.22 μm Millipore filters to obtain a
Biosurfactant, the Lyophilizer was used to dry the
Biosurfactant and the leachate for a purpose of obtaining a
powder and then store at 4 °C until use.
4- Determination the inhibitory activity of
Biosurfactant produced from S. thermophilus:
The well diffusion method [27] was used to estimate the
efficiency in inhibiting the growth of pathogenic bacteria
under test.
5- Effect of Biosurfactant produced from S.
thermophilus on some physiological parameters in white
rats:
In this study, 14 male rats (Rattus rattus) were used, whose
weight was between 250-300 g, they were obtained from the
Faculty of Medicine, University of Kufa, and distributed into
two groups and placed in special cages. All laboratory
conditions were prepared with aeration, lighting, and
temperature from 20-30 ° C, and rats were given a feed of a
granular type obtained from specialized sources of animal
feed. The animals were randomly divided into two equal
groups by seven animals in each group, and were treated as
follows;
 Control group C: where normal drinking water
was drunk throughout the three-week trial period.
 Treatment group T: which Biosurfactant extract
was drinking throughout the three-week trial period

SAMPLES COLLECTION:
The animals were anesthetized using chloroform, where 5
ml of blood withdrawn from the heart directly (heart
puncture) after 24 hours of the last dose of the Biosurfactant.
Additionally, 2 ml of blood was put in a container that
contains an ethylene diamine tetra Acetic acid (EDTA) for
measuring blood parameters, and 3 ml of the remaining
blood was put in an anticoagulant-free tube left for 15-20
minutes at the laboratory temperature. Finally, the serum was
separated using a centrifuge at a speed of 3000 rpm for 15
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minutes, and the serums were kept in a refrigerator
temperature 4 ° C for measuring some biochemical
parameters.
 Physiological parameters of blood:
1. RBC: the total number of Red Blood Cells was
calculated using the Number Chamber Hemocytometer
described by [28].
2. Hemoglobin (Hb): Hemoglobin concentration was
calculated using the Cyanomethemoglobin method described
by [28].
3. Packed cell volume (%) (PCV): Packed cell
volume was measured using a capillary tube method [29].
Statistical analysis: The results were statistically analyzed
using t-test and one-way analysis of variance, Duncan's

Multiple Range Test (DMRT) method was also used to test
the multiple ranges according to the statistical package for
the social sciences (SPSS.V. 22), and the standard deviation
values   were also calculated [30].

RESULTS AND DISCUSSION:
 Streptococcus thermophiles: S. thermophiles
were obtained from the local Iraqi white cheese
manufactured in the traditional method and from non-
thermally processed milk, selected from a group of isolates

on the MRS medium., which confirmed that it was identified
by following the cultural and biochemical tests mentioned in
[1].
 Isolation and identification of Staphylococcus
aureus:
120 different clinical samples were collected and isolated
from people with different clinical infections of both sexes
and different ages from patients of Al-Hussein Hospital in
Karbala city. Furthermore, samples were collected from
different infections from the human body for each of the
samples (Wounds, Burns, Blood), and 22(18.33%) infected
samples were obtained, distributed between (11,8 and 3) for
each of the samples of Burns, Wounds, and Blood,
respectively. Staphylococcus aureus was identified according
to their macroscopic properties by observing the shape of
their cells, their regularity, the method they are arranged, and
stained with a gram stain, where it was observed as similar to
grape-like shape, gram-positive [31]. In order to confirm the
accurate identification of bacteria S. aureus, an API Staph kit
and Vitek 2 compact system was used. However, the Wound
samples recorded the highest percentage with S. aureus
bacteria reached 11(50%), followed by Burns samples
amounted to 8 (36.36%), and the lowest percentage was for
Blood samples reached 3 (13.64%) of the total, as shown in
Table (1).

Table 1. The isolates number of Staphylococcus aureus and their percentages according to the source of the infection.
Samples source Samples number Bacterial isolates number Percentage %

Wounds 40 11 50 %
Burns 40 8 36.36 %
Blood 40 3 13.64 %
Total 120 22 100 %

The results of the number of S. aureus isolates showed a
difference in the isolation percentages from the different
pathological Samples due to the variation in the number of
pathological Samples under study. Hospital infection is
among the most complex health problems facing doctors who
deal with serious conditions today, despite the use of modern
technologies in performing surgical operations in hospitals,
and the good care shown by the medical staff towards burns
patients. Anyhow, hospital infection has become a
widespread problem worldwide and of greater importance
than public health problems, causing increased human and
economic damage has caused additional suffering for the
sick, and prolonging their stay in the hospital as well as
increasing the cost of treatment [32,33]. Thus, these
infections are a reason for the high level of morbidity and
increased mortality, like Pseudomonas aeruginosa and
Staphylococcus aureus are at the forefront of the bacteria that
cause these infections [34]. It was found that P. aeruginosa to
be a major cause of the burn infections that claimed the lives
of many burn patients [35], and bacteria S. aureus ranked the
second in burn infections [36], while S. aureus was a major
cause of post-infection, followed by P. aeruginosa [37]. The
cause of these infections is either endogenous pathogens,
which are represented by the normal flora present on the
skin, intestine, and respiratory system for people was in the
hospital, or exogenous, such as its transmission from medical
staff or visitors, or surgical instruments, air, water, food, and
floors [38]. As for bacteria S. aureus in the burns infection,
the results of this study were agreed with [36] in the burn
unit of a teaching hospital in Istanbul, where the percentage
of S. aureus was 25%. As for the wounds infection of post-

operation, S. aureus was the most isolation by 57% followed
by P. aeruginosa of 42.4%, this result was consistent with
[37], stated that the main cause of post-operation wound
infections was S. aureus, followed by P. aeruginosa.
 Antibiotic sensitivity test:
Results show that bacteria S. aureus are resistant to
antagonists of Ampicillin, Ceftazidime, Amoxicillin,
Cefotaxime, and Choloramphinicol, moreover, bacteria S.
aureus showed high sensitivity to Amoxicillin/clavulanic
acid, Penicillin G, Gentamicin and Norfloxacin [39]. Studies
have shown that the cause of bacterial resistance to different
antibacterial is due to several reasons, including a change in
the permeability of the cytoplasmic membrane or a change in
the target site on which the antagonist works on. In addition
to the production of bacteria for β-lactamase enzymes, that
makes it resistant to most types of penicillin's [40,41,42].
Studies have shown that the indiscriminate use of antibiotics
without completing the treatment period leads to an increase
in the resistance problem by bacteria [43]. To treat these
diseases, many antibacterial are used, but the increased use of
these substances, which is often random and for a long time,
has led to the emergence of side effects that harm to the
individual health on one hand and the emergence of strains
resistant to antibacterial on the other [44,45]. Due to the large
random use of most antibiotics, including a β-Lactam
antibiotic in hospitals and societies, it is the cause of the
emergence of problems of resistant strains, the inefficiency
of treatment, and the emergence of strains that were
distinguished as being resistant to antibiotics. as shown in
Table (2).

Table 2. Bacteria S. aureus resistance to different types of antibiotics
Antibiotics S. aureus

Ceftazidime (30µg) R
Amoxicillin /clavulanic acid (30µg) S

Chloramphenicol (10µg) R
Penicillin G (10u) S
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Amoxicillin (25µg) R
Ampicillin (10µg) R
Cefotaxime (30 µg) R
Gentamicin (10µg) S

R: Resistance, S: Sensitive

 Determination of the inhibitory activity of
Biosurfactant produced from S. thermophilus:
The inhibitory activity of Biosurfactant for bacteria S.
thermophilus against pathogenic bacteria S. aureus isolated
from various clinical infections was estimated to ensure it has
an inhibitory effect. As four different concentrations were
taken from Biosurfactant (12.5, 25, 50, 100) mg/ml against
isolated S. aureus for different clinical infection to know the
inhibition efficacy for each concentration and according to
the type of sample. Through the obtained results, the
concentration of 100 mg/ml of the Biosurfactant gave the
highest average of inhibition zone diameters 26 mm, while
the concentration 12.5 mg/ml gave the lowest average of
inhibition diameters 12 mm for bacteria S. aureus isolated

from wound samples. Followed by burn samples, where the
concentration 100 mg/ml gave the highest average of
inhibition diameters 24 mm, and the lowest concentration
12.5 mg/ml gave the lowest average of inhibition diameters
10 mm. While the blood samples gave the lowest average of
inhibition diameters 20 mm for the concentration of 100
mg/ml and 8 mm and the concentration 12.5 mg/ml,
compared to the control treatment, which contains the sterile
liquid MRS medium. The results of the statistical analysis
indicate the presence of statistically significant differences at
the probability level (P<0.05) when comparing the inhibition
diameters of each of the concentrations used according to the
sample type, as shown in Table (3).

Table 3. The average inhibition zone diameters for Biosurfactant produced from bacteria S. Thermophilus against S. aureus isolated
from various clinical infection
Sample type Concentrations P. value

12.5 mg\ ml 25 mg\ ml 50 mg\ ml 100 mg\ ml
Mean ±S D Mean ±S D Mean ±S D Mean ±S D

Blood 8.0 ± 1.0a 14.0 ± 2.0b 16.0 ± 1.7b 20.0 ± 2.0c 0.000*
Burns 10.0 ± 2.0a 14.0 ± 1.0b 18.0 ± 2.0c 24.0 ± 2.0d 0.000*
Wounds 14.0 ± 1.0a 18.0 ± 2.0b 22.0 ±2.0c 28.0 ± 2.0d 0.000*

* Similar small letters indicate that there were no significant differences at the probability level p≤0.05 between single-row groups
*Various small letters indicate significant differences at the probability level p≤0.05 between single row groups

The above results indicated that the increase in the inhibitory
activity of Biosurfactant increases when its concentration
increase and this study is consistent with [46,47]. As the
inhibitory activity of lactic acid filtrates increases clearly
when the concentration increases and this study is consistent
with increasing the inhibitory activity of the Biosurfactant
produced from bacteria Bifidobacterium spp. against the
gram-positive and negative bacteria and the yeasts with
increasing its concentration [48]. It also agrees with the
opinions of researchers about the inhibitory activity of S.
thermophilus bacteria, where [3] indicated that S.
thermophilus bacteria have an inhibitory effect against E.
coli, P. fluorescens, Klebsiella pneumonia, and S. aureus.
[11] indicated the ability of bacteria S. thermophilus on
inhibition of the gram-positive and negative pathogenic
bacteria, it was observed from the study results that the

Biosurfactant that produced from the S. thermophilus
isolated from the local Iraqi white cheese has the inhibitory
activity against all pathogenic bacteria under study due to it
contains inhibitory material.

 Effect of Biosurfactant produced from S.
thermophilus on some physiological parameters in white
rat's male:
The results of the statistical analysis in Table (4) showed a
significant increase at the probability level (P <0.05) in the
average number of RBC, Hb concentration, Packed cell
volume PCV in the treatment group compared with the
control group. Finally, the increase in the animals treated
with the Biosurfactant extracted from the lactic acid bacteria
can be attributed to the improvements in digestion and
absorption accompanied by increased red blood cells.

Table 4. Effect of Biosurfactant produced by S. thermophiles on some physiological parameters in white rat’s male:
Test Group Mean Std. Deviation P-value

RBC 106 \ ml C 6.15 0.30 0.000**
TI 7.86 0.45

Hb (g\d) C 14.11 0.67 0.000**
TI 16.89 0.62

PCV (%) C 42.16 0.93 0.020*
TI 46.59 1.96

*significant at P < 0.05 **significant at P < 0.001

CONCLUSIONS:
It can be concluded from this study the ability of
Biosurfactant produced from Streptococcus thermophilus
isolated from local cheese to eliminate the Staphylococcus
aureus isolated from Wounds, Burns, and Blood and its effect
on the physiological parameters of white rat's male.
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