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Abstract

Staphylococcus aureus bacteria is cause of dangerous food poisoning through contamination of
raw milk; therefore, this study aimed to determine the prevalence of S. aureus in raw milk sold in local
markets of Baghdad city and the antibacterial activity of chitosan, trisodium citrate and acetic acid against
the pathogenic bacteria, the antibacterial susceptibility profile of isolates was performed by using (13)
antibacterial agents using Kirby—Bauer disc diffusion technique. the results showed that (3) samples out
of 25 samples (12%) were isolated from raw milk, all isolates were positive to the experimental tests
characterized as S. aureus depending on the cultural, biochemical, serological and molecular examinations.
The PCR technique used to verify the positive isolates by targeting the (nuc) gene, the molecular size (181
bp), the antibacterial activity was done by broth and agar dilution method with detection the bacterial
counts. the Initial counting (mean) log CFU/ ml of isolates was 4.623 CFU/ml. The minimum inhibitory
concentration of chitosan and acetic acid against Staphylococcus aureus by macro-broth dilution method
was 20and 1,25 mg /ml respectively, while trisodium citrate had no inhibitory activity against the
exanimated bacteria. The antibiotic susceptibility profile for positive isolates showed that all isolates were
resistant to (ampicillin, methicillin, Cefixime and Cefoxitin),in conclusion comparing the effects of the
three antibacterial agents against S. aureus causes contamination of cow raw milk sold in Baghdad city,
1.25 mg/ml of the acetic acid was found effective with higher antibacterial activity, followed by chitosan
2 mg /ml, while trisodium citrate showed no antibacterial effect.
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Introduction:

Staphylococcus. aureus is an indicator
for heat efficacy and hygienic practices through
the food preparation, handling conditions and
food production (1). It is zoonotically
transmitted through direct contact with animals
or their products such as contaminated raw milk
and milk products and this pathogen is the most
important cause for the bovine mastitis (2).
Decontamination solutions used for food
application should be free from adverse effects
on food workers’ or when consumption by
consumers, decontamination systems, based on
some chemical agents, are approved as
“Generally Recognized as Safe” (GRAS) listed
by the FDA (3). Multi- antibiotics resistant
microorganisms are characterized by their fast
growth and multiplication represent a concern
to human life, currently reports are become
focus on using the natural antimicrobial to
hinder different kinds of human pathogens and
treated the microorganism-causing diseases (4).
Chitosan is a polysaccharide extracted from the
insects, crab, shrimp, and some fungi, many
factors interfere with the antibacterial activity
of chitosan such as purity, physical kinds,
molecular weight, and degree of deacetylation
(DD), this natural antibacterial has been used
for elimination and /or inactivation of
undesirable microorganisms with no toxic
effect and environmentally friendly without any
effect on food composition (5). Trisodium
citrate (TSC) is widely used as a food
preservative and antimicrobial agent, it has
been shown that (4%) of TSC can be inhibited
the biofilm formation by different kinds of
bacteria as S. aureus, Pseudomonas aeruginosa
and pathogenic Escherichia coli (6). Acetic
acid, is an organic compound, with antibacterial
activity used in food applications, characterized
by acidic properties, the activity of acetic acid
as antibacterial substance is attributed to its
non-ionized form with ability to penetrate the
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bacterial cell wall and disrupt the normal
physiology action for many types of bacteria
(7). Organic acids are either present naturally in
the foods or synthesized by chemical methods
used as direct or indirect application, while
other kinds formed during the fermentation
process of carbohydrates in foods (8). The main
aim of this study was to evaluated the
antibacterial activity of chitosan, trisodium
citrate and acetic acid against Staphylococcus
aureus isolated from local raw milk.

Materials and methods:
Sampling of Raw milk:

Twenty-five raw milk samples
purchased from the local markets in Baghdad

WwEre

city, the samples processed immediately upon
arrival, in which (100) mL of well mixed
samples were placed in the sterile labeled
bottles and transported to the Veterinary Public
Health laboratory, College of Vet. Medicine/
University of Baghdad, Baghdad.

Isolation and identification of S.aureus

The first step of this study includes isolated
Staphylococcus aureus bacteria from raw milk
using cultural, biochemical and serological
tests.

identifying the antibacterial effects of chitosan,
trisodium citrate and acetic acid against S.
aureus. As well as counting the bacteria on the
Baird Parker (BP) agar according to (9),
morphological and biochemical identification
was done according to (10). isolation the
bacteria from raw milk samples was done
through homogenized one ml of raw milk with
9 ml of (0.1%) sterile peptone water, 10-fold

dilutions were prepared, 1 ml of 104, 10-5, up
to 10—6 dilutions were cultured on the Baird
Parker Agar (Hi media) supplemented with egg
yolk emulsion, this test done in duplicate and
the plates were incubated at 370C for 24hr
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Jtypical coagulase positives staphylococci
colonies were appearing as black or grey,
surrounded by a clear zone, recovered selected
colonies were streaked on the plates of blood
agar TSA with (5% sheep blood), incubated at
37 °C for 18-24 h. staphylococcus aureus
colonies which appears with opaque halo were
recorded as coagulase positive staphylococci,
these colonies were subjecting to further
identified as catalase assay, slide coagulase test
, staphylococci colonies showed the typical
coagulase positive on the BP agar are black,
shining and convex surrounded by a clear zone.
The Presumed isolates were reconfirmed as
Staphylococcus aureus using gram staining,
catalase, oxidase, hemolysis pattern,
fermentation and growth on the mannitol salt,
DNA- ase test, further analyzed by positive
agglutination for Pastorex Staph Plus detection
of clumping factor and the presence of
coagulase using the slide agglutination test kit
(Staphaurex® kit, Oxoid).

Detection of S. aureus by using PCR

The Primers used in the current study is
manufactured by Bioneer, Korea for species-
specific targeting thermostable nuclease (nuc)
gene of Staphylococcus aureus isolates,
Extracted DNA was amplified to detect the nuc
gene with the molecular weight of 181 bp (11
12), The PCR procedure was performed
according (13) with some modification in the
annealing time at 65°C for 1 min.

Preparation  chitosan, trisodium citrate and
acetic acid solutions

Chitosan in powder from (shrimp shells) was
obtained from (hi-media) with molecular
weight 3800-20000 and (=75 %) deacetylation
degree, 2% w/v of chitosan solution was
prepared as 2g of chitosan were dissolved in
100 mL of 1% (v/v) acetic acid at 5.8 pH purity
99% (Italy) the solution was stirred for 12 hrs at
50 °C to achieved complete dissolution of
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chitosan powder and filtrated through 0.2 um
membrane syringe filter. acetic acid solution
(2% ) ,was prepared by well mixing 2ml of
acetic acid with 100 mL of sterilized distilled
water , trisodium citrate solution (4%) was
prepared by dissolved ( 4g) of TSC were
dissolved in the 100 mL sterile distal water
sterilized by filtering through 0.2 um
membrane syringe filter and kept at 4 °C, for
determination of the MIC of antibacterial
solutions broth and agar dilution methods were
used ,S aureus with the standardized number are
seeded on the surface of Muller-Hinton agar
with the lowest concentration of antibacterial
agents, the results recorded as colony forming
units (CFU) after 24-48 h of incubation
compared to the initial bacterial counts., broth
microdilution, Agar dilution and disk diffusion
procedure are technique
recommended by Clinical and Laboratories

standard

Standards  Institute (CLSI  ,2009) for
determined the antimicrobial activities of
chitosan  against  different kinds  of

microorganisms (14) MICs of antibacterial
agents were regarded as the lowest
concentration of agents that completely inhibit
S. aureus bacterial growth.

The determination of the Antibiotics

susceptibility of S. aureus isolates:

The susceptibility of isolated S. aureus
against commercial antibiotic was studied using
Kirby and Bauer's achieved by discs diffusion
technique, standardized bacterial inoculum
equivalent to (0.5 McFarland) was swabbed on
surface of muller Hinton plate. The inhibition
zone was measured after incubation at 37°C for
18-24 hrs and the results were recorded in
millimeters. The antibiotics used in the current
study were 13 commercially antibiotics discs
(OXOID) include Doxycycline (D030ug),
Levofloxacin (Lev 5pg), Ampicillin (Amp
10pg), Gentamicin (Gen 10pg ), Amikacin (AK
30pg), Methicillin (Met 5pg), Clindamycin
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(CLI 2 pg), Cefixime (CEF 5ug), Rifampicin
(Rif 50 pg ), Chloramphenicol (CHL 30 ng),
Ciprofloxacin (CIP 5ug) Tetracycline (TCN
30pg ) and (Cefoxitin30pg) .

Minimum inhibitory concentration (MIC) of
antibacterial agents against S. aureus using
broth and agar dilution method

The MIC values were determined by using
broth and agar dilution assay. All the chitosan,
trisodium citrate and acetic acid stocks were
serially diluted as two-fold to concentrations
ranged of 20mg/ml to 0.6 mg/ml for both of
chitosan and acetic acid while ranged from
40mg/ml to 0.6 mg/ml for trisodium citrate 0.1
ml of each concentration was added to 9ml of
sterile nutrient broth containing 0.1ml of
standardized S. aureus. Negative control was
inoculated bacteria without antibacterial agents.
Test tubes were incubated for 24hrs to
evaluated the presence or absence of visible
turbidity in the broth. The lowest concentration
or highest dilution of the antibacterial agent that
prevented the appearance of bacterial growth
turbidity was represented as the (MIC). Positive
control (nutrient broth inoculated with bacteria)
and negative control (nutrient broth with the
antibacterial solution). The concentration of the
antibacterial solution at which no growth of the
organism was observed was regarded as the
minimum inhibitory concentration (MIC). The
results were expressed as growth of organisms
(+) or inhibition of growth (-) (15).

Statistical analysis

Data analysis of was performed using SAS
(Statistical Analysis System - version 9.1).
Two-way ANOVA with interaction and least
significant differences (LSD) post hoc test were
performed to assess significant differences
among means. P < 0.05 is considered
statistically significant.
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Results and discussion

Staphylococcus. aureus is frequently found
in the raw milk the decrease in drug efficacy
against infection S. aureus represents a looming
threat to public health to increase the morbidity
and mortality levels, all suspected isolates that
subjecting to the phenotyping test has been
shown that all positive isolates were gram-
catalase and coagulase-positive
(Tablel). The results of isolation percentage
showed that 3 isolates out of 25 (12%) as shown
(Table 2). The genotypic test of the positive
isolates revealed that the (3) samples were
amplified the nuc gene detected by the
conventional PCR.

positive,

Staphylococcus produces a thermostable
extra—cellular nuclease which is encoded ( nuc
gene ), represented a virulence factor, the nuc
gene is used as a specific target for iden—tifying
S. aureus by the technique of polymerase chain
reaction (PCR). The current study illustrates
that no inhibitory activity of trisodium citrate at
concentration 4% against Staph aureus bacteria
and there is no significantly reduction log,
while the tested bacteria shown significant
reduction in the population counts after
subjecting to the antibacterial activity of acetic
acid and chitosan as shown in Table 7. The MIC
of chitosan that conducted by broth dilution
methods against tested bacteria was 1.25
mg/ml., chitosan solution has antibacterial
activity against gram-positive bacteria while
aqueous solution of acetic acid has high
antibacterial activity against S.
Antibacterial activity of chitosan depends on
various factors such as deacetylation degree,
temperature, and molecular weight, chitosan

aurcus.

solution with low molecular weight can enters
the microbial cells and disturbs the metabolism
of the cell, all the positive samples, that were
positive to the nuc gene of (100%) by PCR
Figure 2, Acetic acid as decontaminator
solution was exhibited strong antibacterial
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activity against staph aureus bacteria compared
with other solution that used in current study.
concentration of acetic acids that needed to
complete reduction of this bacteria needed to
farther studies, especially when wused in
combination with other natural substances, S.
aureus isolates had the highly resistance to
Ampicillin , methicillin , Cefixime and

Cefoxitin as shown in ( Tables 4 and 5). The
antibacterial activity of decontamination agent
against S. aureus represented by MIC values by
dilution methods .

Figure 1 The stained gel by ethidium bromide indicated the typical banding patterns, PCR amplification of the nuc gene of S.

aureus with primers generating 181bp
Table 1 Cultural, Biochemical and stereological tests used for staph. aureus
Serological
tests
Cultural Biochemical tests
Staphaurex®
Latex
agglutination
Gram Catalase Coagulas | DNAse
test € test agar
Mannitol Baird Parker Stain hemolysins | Oxidase Dry spot staph.
salt agar supplemented aureus
with egg yolk
Staph Yellow Colonies with | Gram visible coagulas | Halo B- Negative | agglutination
aureus | colonies positive bubbles e- hemolysins
surround grey to black positive zone Result
yellow color
zones

Table 2 Isolation and enumeration of Staph aureus isolated from

raw milk samples using Conventional tests.

Sample number positive samples | Prevalence Initial counting (Mean)
(%)
log CFU/ ml
Raw milk 25 3 12 4.623
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Table 3 primers used for amplifying the nuc gene.

Specific gene Sequence (5-3") Size of product

nuc F- GTGCTGGCATATGTATGGCAATTGT 181 bp

R- TACGCCGTTATCTGTTTGTGATGC

Table 4 Zone of inhibition of antimicrobial dices against Staphylococcus aureus isolates

(Diameter of inhibition zone) mm
means
Isolate | DO Lev Amp | Gen AK Met CLI CEF | Rif CHL Cip TCN Cefoxitin
s 30pg Sng

30ug Spg | 10pg | 10pg Spg | 2ug 50 30 pug S5pg | 30ug 30pg

ug

Nol 34 30 10 35 40 10 22 14 18 22 17 33 12
No2 31 33 9 35 43 12 22 18 25 23 17 34 14
No3 33 32 9 33 42 12 24 14 20 25 19 35 13

Table 5. Resistance percentage% against Staphylococcus aureus isolates isolated from raw milk (NO of positive isolates
=3).

Antibacterial discs Code and Potency(pg) of Resistance percent % Sensitive percent %
antibacterial discs
1-Doxycycline DO  30ug 0 (100) 3 (100)
2-Levofloxacin Lev 5Sug 0 (100) 3 (100)
3-Ampicillin Amp 10pg 3 (100) 0 (100)
4-Gentamicin Gen 10ug 0 (100) 3 (100)
5-Amikacin AK  30pg 0 (100) 3 (100)
6-Methicillin Met Spg 3 (100) 0 (100)
7-Clindamycin CLI 2pg 0 (100) 3 (100)
8-Cefixime CEF Spg 3 (100) 0 (100)
9-Rifampicin Rif 50 pg 0(100) 3 (100)
10-Chloramphenicol CHL 30pg 0 (100) 3 (100)
11-Ciprofloxacin CIP 5png 0 (100) 3 (100)
12-Tetracycline TCN 30upg 0 (100) 3 (100)
13- Cefoxitin CEF 30pg 3 (100) 0 (100)
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Table 6 Minimum inhibitory concentration (MIC) against Staph aureus bacteria by broth dilution technique

Antibacterial agents Minimum inhibitory concentrations (mg/ml)

Chitosan 20 10 5 2.5 1.25 0.6
+ + + + +
Trisodium citrate 40 20 10 5 2.5 1.25
n + + + + +
Acetic acid 20 10 5 2.5 1.25 0.6
= = = = = +

+ =Growth - = No growth

Table 7 Minimum inhibitory concentration (MIC) against Staph aureus bacteria by agar dilution technique

Antibacterial agent Initial counting (Mean) Counting (Mean)
Concentrations log CFU/ ml log CFU/ ml after adding the
antibacterial agent
(control)
Chitosan A 4.6240.00a B 2.374£0.06 b
Trisodium citrate A 4.6240.00a A 4.404+0.05 a
Acetic acid A 4.62+0.00a B 1.27+0.01 ¢
LSD 0.11

Means with a different small letter in the same column are significantly different (PL<0.05)

Means with a different capital letter in the same row are significantly different (PL<0.05)
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The isolation percentage of isolated S. aureus
(3) samples of 25(12%)),
contamina—tion raw milk and dairy products
by S. aureus occurs through the unhygienic
handling of the raw milk and dairy products,
occurs through different stages of animals
handling, milking, contact with diseased
farmers (2). Other studies reported that
prevalence of S. aureus that isolated from raw
milk was with high present (16; 17). The
contamination rate of raw milk and their

were out

dairy products with S. aureus could be
depended of bad personal hygiene of
workers, poor processing methods, lack of
sterilization that should be used for dairy
equipment. Adnan and zina (18) reported
high prevalence levels of Staph aureus
isolates from raw local Iraqi dairy products,
the 1isolation prevalence isolation
percentage of cow's soft cheese samples were
8/10(80%) followed by both ewe's and
buffalo's soft cheese samples 7/10 (70%)
respectively. While Abed Rabba and
Khudhir, (19) reported that the isolation
percentage of quality control bacteria as total,
fecal coliform, Escherichia coli and

and

Staphylococcus aureus from raw milk were
82, 69, 54 and 42%, respectively, while the
isolation percentage from raw soft cheese
were 90, 74, 60 and 45%, respectively.

Acetic and lactic acid are organic acid
widely used in the preservation of food
products due to their antibacterial properties,
classified as safe substances (GRAS) as
recorded by the organization (20) .in the
current study acetic acid showed the higher
antibacterial activity against Staph aureus
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this results agreement with result of ( 21 ),
pointed that lactic with concentration (1%
and 3%) and acetic acid at (1% and 2%),
against Salmonella enteritidis in the poultry
meat , the reducing activity showed variation
depending on the type and concentrations of
organic acid , kind of food and combination
the bacterial activity of organic acid with
other treatment .Organic acids and their salts
widely researched for the antimicrobials
properties as bio-preservatives in food such
as Lactic, acetic, and citric acids , with the
inhibiting activity against both of spoilage
and pathogenic large
antimicrobial action against Gram-positive,
Gram-negative bacteria , fungi and yeasts,
increasing the sensory ,functional properties ,

microorganisms,

stabilization of food color , flavor and
regulation the acidity, the action of weak
organic acids can be attributed to the
undissociated molecules that are lipophilic
and therefore are able to easily cross the
lipidic membrane of microorganisms and
penetrated into their cytoplasm, leading to
destruction the bacterial cell , the application
of weak organic acid in the food bio-
preservation can exhibit to the stronger
antimicrobial activities than the highly
dissociating inorganic acids at the identical
pH level contribute to their amount of
undissociated molecules and the capacity of
penetration (22)

Chitosan, shows antimicrobial activity
against both Gram-positive and negative
bacteria depending on the structure bacterial
cell membrane specially the
lipopolysaccharides and proteins (23),
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Ying-Chien., (24) described that chitosan
exhibited the stronger bactericidal activity
against Gram-negative bacteria, while other
author reported that a more bactericidal
action against Gram-positive bacteria (25).
Chitosan usually influencing by
concentration, molecular weight and
deacetylation degree, the higher degree of
deacetylation of chitosan, leads to
activity increased (26).
Despond et al., (27) and Hernandez-Lauzardo
et al., (28) were recorded that chitosan with
low molecular weight higher
antimicrobial activity. Number of amines
groups (NH2) involved in the chitosan
substances, greatly effect on the ability of
chitosan as an antimicrobial agent, the

antibacterial is

has a

antimicrobial mechanism of chitosan due to
interferes  with  bacterial  cell
morphogenesis directly leads to hinder the
microbial growth. (29). Chitosan contains
amine group with positively charged these
amines capable to binding to the negative
charge on the microbial cell surface and alert
the bacterial cell wall permeability and
intracellular leakage of the important
substances as electrolytes, proteins many
kinds of amino acids, glucose and enzymes
finally inhibited the bacterial growth (30).
One study conducted that the antibacterial
activity against Staphylococcus aureus, E.
coli, Bacillus and Klebsiella
pneumoniae achieved as the lower of the
molecular weight (LMW) of chitosan, higher
the antibacterial effect (31). For the
bactericidal effect of chitosan is required 10
kDa as the minimum molecular weight (32).
Khudhir , (33) recorded that the Chitosan

wall

cercus
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(CH) exhibited the antimicrobial activity
against the Coliforms, E. coli O157: H7,
yeasts and molds at concentration of (5%)
when dipping the cheese the contact time
(6hrs) at refrigeration temperature (4°C ),the
result indicated that the concentration of
chitosan 5% was the optimum concentrations
as the disinfected washing solution to reduce
the contamination the local Iraqi cheese.

Acetic acid used in the current study
shown higher antibacterial properties, while
trisodium citrate had no antibacterial activity
against Staph aureus bacteria isolated from
raw milk, this result disagreement with
another study who indicated that biofilm-
forming ability of bacteria became weaker
after using trisodium citate (34). Weijmer et
al. (35) who studied the efficacy of four
concentrations of trisodium citrate (2.2, 7.5,
15 and 30%), the results indicated that
trisodium citrate at high concentration (30%)
could be killed many kinds of micrograms as
Pseudomonas. aeruginosa E. coli S. aureus
and Candida albicans. The results of another
study 1illustrated that trisodium citrate
inhibited the biofilm formation of K.
pneumoniae and the inhibitory effect as low
4% (34). Khayat et al, (36) showed
significant ability of sodium citrate in vitro at
concentrations of 4% and 5% to mitigate the
bacterial virulence, inhibiting the formation
of biofilm, motility activity of the protease
enzyme and reducing the pyocyanin pigment
that production by P. aeruginosa. This result
disagreement with results of this current
study.




Research Article

Vol. 17

AL- ANBAR JOURNAL OF VETERINARY SCIENCES
Issue:2, (2024)

ISSN: P-1999:6527 E-2707:0603

One of the most serious threats from point of
the global health and food safety is the
(37).
Penicillin is the first choice to treat S. aureus

resistance Dbacteria to antibiotics

in man and mastitic animals’ treatment,
evolution of S. aureus and the abuse used of
antimicrobial can leads to increase the
antibiotic resistance (38; 39)., in current
study ampicillin, methicillin, Cefixime and
Cefoxitin had the resistance rate, Shiluli et al.
(40) reported that percentage of (67%) of
isolated S. aurcus were showed resistant to
ampicillin, amoxicillin, oxacillin,
ceftazidime and vancomycin. The ability of
S. aureus isolate for the production of -
lactamase enzyme make it resist to the -
lactam agents (41) .The explanation of the S.
aureus resistance mechanism is complex,

especially in the Methicillin-resistant
Staphylococcus aureus (MRSA),
Staphylococcus aureus is resistant to

different types of commercial antibiotics
developed today (42).Evaluation of the
antibacterial  activity of  antibacterial
solutions were performed by using the
minimum inhibitory concentrations (MIC)
through the broth macro-dilution and agar
technique according to guidelines of Clinical
and Laboratory Standards Institute ,2022
(43), the antibacterial activity of chitosan
solutions can be affected by different factors
such as bacterial species different in the
molecular ~ weight and  degree of
deacetylation, , pH of the solution and the
presence of metal ions also have an effect on
the bacterial inhibitory effect of chitosan.
(30). lower molecular weight can effected
the antibacterial activity of chitosan this
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attributed to the higher distribution of amino
groups at the surface of chitosan (44).These
results of current study agreement with (45 )
who reported that antibacterial solutions that
used for decontamination of different
bacteria can helpful to increase the
antibacterial activity of brine solution as a
method to reduce the potential pathogenic
bacteria as E. coli O157:H7 that
contamination the local Iraqi cheese. The
sensitivity test of the 13
antibiotics showed that the S. aureus isolates
had the highly resistance to ampicillin,
methicillin, Cefixime and Cefoxitin.
Antibacterial activity of acetic was studied
when MRSA is resistant bacteria but is still
inhibited by the acetic acid when diluted to

commercial

concentration of 0.625%, acetic acid has
good antibacterial activity and is inexpensive
non-toxic nonirritant and naturally broken
down in both body and the environment (46).
Strong odor of acetic also study this issue can
overcome by used this antibacterial agent at
less than 4% or lower by different mode as
spraying or dipping of different parts of
animal’s cuts after slaughtering (47).

Conclusion:

in vitro Comparing the effects of the three
antibacterial agents against S. aureus bacteria
that implication of contamination of raw milk
sold in Baghdad city, 1.25 mg/ml of the acetic
acid was found effective with higher
antibacterial activity, followed by chitosan 2
mg /ml, while trisodium citrate showed no
antibacterial effect against this pathogenic
bacterium.
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