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A total of one hundred and forty two swab samples (92 clinical and 50 from hospital environment) were
collected for the detection of Pseudomonas aeruginosa. Out of the total samples, 29 isolates of P.
aeruginosa were isolated and recorded an overall prevalence rate of 20.42% (29/242) of which 18
(19.56%) were from wounds and burns swabs of patients, and 11 (22%) were from hospital environment.
The highest rate of P. aeruginosa (60%) identified from hospital environmental specimens were from
door handles followed by ward sinks (57.15%) and the least (10.53%) from patients’ beds and table tops.
According to gender and age group, the study showed the highest rate of P. aeruginosa in the male
(55.6%), and in young patients (38.9%) between the ages of 5 and 25 years compared to the elderly;
while the lowest rate 27.8% were from those age 45 years and above. Results showed that all isolates
from patients and hospital environment were resistant to ticarcillin and ceftazidime (100%). Also, P.
aeruginosa from patients demonstrated high resistance to cefepime, ofloxacin, gentamycin,
tobramycin, ciprofloxacin, lomefloxacin, norfloxacin, levofloxacin and amikacin in the following order
respectively :88.8, 77.7, 61.1, 50.0, 44.4, 44.4, 38.8, 38.8 and 33.3%; whereas showed low resistance (16.6
and 11.1%) to each of ticarcillin/clavulanate and meropenem, and only 5.5% to imepenem. Generally,
this study pointed that P. aeruginosa isolates from hospital environment were more resistant to
particular antibiotics than that of clinical isolates. It was also revealed that P. aeruginosa have high
sensitivity to imepenem, meropenem and ticarcillin /clavulanate and these should be considered in the
treatment of this bacterium.

Key words: Pseudomonas aeruginosa, antibiotic resistance, clinical samples, surgical wards, hospital
environment.
INTRODUCTION

Pseudomonas aeruginosa is an opportunistic nosocomial hospital environment, especially among patients,
pathogen, it has higher prevalence and mortality rate in particularly those with burns, wounds and cancer and in
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Author(s) agree that this arficle remains permanently open access under the terms of the Creative Commons Atiribution

License 4.0 International License



http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US

Al-Zaidi 845

Table 1. Frequency of P. aeruginosa isolates among patients and hospital environment specimens, 2012.

Specimen type

Specimens no.

P. aeruginosa isolates

NO. %
Clinical samples (Burns and wounds) 18 19.56
Environment 11 22
Total 142 29 20.42
the critically ill admitted in intensive care unit. P. by the morphology of colonies, standard biochemical tests and

aeruginosa is resistant to several antimicrobial agents
and therefore become dominant and important when
more susceptible bacteria of the normal flora are
suppressed (Brooks et al., 2011; Meenakumari et al.,
2011). Contaminated medical devices and the hospital
environment have often been suggested as potential
sources infection with P. aeruginosa and the high
mortality associated with these infections is due to a
combination of the bacterial resistance to antibiotics and
a weak host defense system (Meenakumari et al., 2011,
Orsi et al., 1995). Wound and burn infections is a major
contributor to nosocomial infections. Furthermore, these
infections prolong the burden of the disease by
increasing cost of treatment, hospital stay and sometimes
may lead to death particularly when complicated with
septicemia and tetanus (Sule et al., 2002). The current
spread of multi-drug resistant bacteria pathogens such as
P. aeruginosa has added a new side to the problem of
wound and burn infections (Sule and Olusanya, 2000).
These strains of P. aeruginosa establish themselves in
the hospital environment in areas like, door handles,
patients’ beds, sinks, table tops, toilets and others,
thereby spreading from one patient to another: and it has
a high rate for developing resistance to most of the
antimicrobial agents (Haghi et al., 2010; Falagas et al.,
2005). Therefore, this study aimed to detect the antibiotic
susceptibility of P. aeruginosa isolated from burns and
wounds of patients and hospital environmental samples
from Al Hussein Teaching Hospital in Nasiriyah, Iraq.

MATERIALS AND METHODS
Isolation and identification of bacteria

Clinical swabs from wounds and burns were collected from
hospitalized patients in burns and wounds wards and from items in
the hospital environment, and subsequently examined from May to
August, 2012. One hundred and forty two samples (92 from
patients and 50 from items in hospital environment: patients’ beds,
door handles, sinks and table tops) were collected for detection of
P. aeruginosa. A performa which include age, gender, health
status and relevant data were obtained from each patient, and the
consent was taken from all patients before the collection of
samples. Sterile cotton swabs (dipped in normal saline 0.9) were
used to swab patients’ burns and wounds and the surfaces of
frequently handled items. Swabs were inoculated onto MacConky
and blood agar plates (Oxoid and Himedia) and incubated at 37°C
between 18 to 24 h. Colonies grown on culture plates were identified

gram staining (MacFaddin, 2000). Colonies that produce pyocyanin
and pyoverdin pigments were confirmed by being transferred to
nutrient agar (Oxoid, UK) and subcultured more than once to obtain
pure cultures. P. aeruginosa isolates were identified using
conventional biochemical tests such as oxidase test, catalase test,
motility test, haemolysin production and other biochemical tests
(Garcia and Isenberg, 2007; Elmer et al., 2006; Atlas and Synder,
2006).

Antibiotic susceptibility testing

The susceptibilities of the isolates to 14 antibiotics (Himedia, India):
ticarcillin 75 pg, ceftazidime 30 g, cefepime 30 ug, ofloxacin 5 pg,
gentamycin 10 pg, tobramycin 10 pg, ticarcillin/clavulanate 75/10
Mg, meropenem 10 ug, imepenem 10 ug, ciprofloxacin 5 ug,
lomefloxacin 10 ug, norfloxacin 10 ug, levofloxacin 5 pg and
amikacin 30 ug, were determined on Mueller-Hinton agar by the
Kirby Bauer disk diffusion method. The zone of inhibition diameter
was measured and the results were interpreted based on the
guidelines by the Clinical and Laboratory Standards’ institute CLSI
2011 and 2012.

Statistical analysis

The Microsoft Excel data analysis tool was used and the relevant
data were collectively documented on a questionnaire and values
expressed in means and percentage.

RESULTS

A total of 142 swab samples (92 from patients and 50
from hospital environment item) were collected for
detection of P. aeruginosa. Among the total samples, 29
(20.42%) isolates of the bacterium were isolated; 18
(19.56%) from wounds and burns swabs of patients and
11 (22%) from hospital environment (Table 1). The
distribution of P. aeruginosa isolates among different
hospital environment items samples are shown in Table
2. The rate of P. aeruginosa was: 3(60%) in door
handles, 4(57.15%) in ward sinks and 2 (10.53%) in both
the patients’ beds and table tops.

Table 3 demonstrated the distribution of P. aeruginosa
according to age group and gender of patients. The
results showed the high prevalence of the bacterium
isolates among the male than female (55.6 and 44.4%,
respectively), and the high rate of isolates were found
among the age group 5 to 25 years (38.9%) and the low
rate among age group >45 years (27.8%). Antibiotics
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Table 2.
environment specimens, 2012.

Distribution of P. aeruginosa isolates among hospital

Specimen type

Specimens no.

P. aeruginosa isolates

Patients beds 19
Door handles 5
Ward Sinks 7
Tables tops 19
Total 50

No. (%)
2 10.53
3 60
4 57.15
2 10.53

11 22

Table 3. Age and gender distribution of P. aeruginosa isolates for patients burns

and wounds, 2012.

P. aeruginosa (n=18)

Variable Total n=92 No. %
Agelyear
5-25 50 7 38.9
26-45 23 6 33.3
>45 19 5 27.8
Sex
Female 38 8 44.4
Male 54 10 55.6
Table 4. Antibiotics resistance patterns of P. aeruginosa isolates.
Antibiotic Clinical isolates (18) Environmental isolates (11)
Resistant No. Resistant % Resistant No. Resistant %
Ticarcillin 75 pg 18 100 11 100
Ceftazidime 30 pg 18 100 11 100
Cefepime 30 ug 16 88.8 10 90.9
Ofloxacin 5 ug 14 77.7 9 81.8
Norfloxacin 10 pg 7 38.8 5 45.4
Ciprofloxacin 5 pg 8 44.4 7 63.6
Levofloxacin 5 pg 7 38.8 5 454
Lomefloxacin 10 ug 8 44.4 6 54.5
Amikacin 30 pg 6 33.3 5 454
Tobramycin 10 ug 9 50,0 7 63.6
Gentamycin 10 pg 11 61.1 7 63.6
Ticarcillin/ clavulanate75/10 ug 3 16.6 3 27.2
Meropenem 10 ug 2 111 2 18.1
Imipenem 10 pg 1 5.5 1 9
susceptibility tests of P. aeruginosa against 14 different resistance to cefepime, ofloxacin,
types of antibiotics is demonstrated in Table 4. All the 29 tobramycin, ciprofloxacin, lomefloxacin,

isolates screened from wounds and burns of patients and
from hospital environment were resistant to ticarcillin and
ceftazidime (100%). In P. aeruginosa from patients,

gentamycin,
norfloxacin,
levofloxacin and amikacin was 88.8, 77.7, 61.1, 50.0,
44.4, 44.4, 38.8, 38.8 and 33.3%, respectively. Whereas,
the results showed that there was low resistance (16.6



and 11.1%) to each of ticarcillin/clavulanate and
meropenem, and 5.5% of isolates were resistant to
imepenem. Results showed that isolates of the bacterium
from hospital environment were more resistant to
antibiotics than those from the clinical environment. The
level of resistance to cefepime, ofloxacin, gentamycin,
tobramycin, ciprofloxacin, lomefloxacin, norfloxacin,
levofloxacin, amikacin, ticarcillin/clavulanate, meropenem
and imipenem were 90.9, 81.8, 63.6, 63.6, 63.6, 54.5,
45.4,45.4,45.4, 27.2, 18.1 and 9%, respectively.

DISCUSSION

P. aeruginosa is ranked second among gram-negative
bacteria isolated from hospital environment, and leading
cause of nosocomial infections responsible for high rate
of morbidity and mortality (Meenakumari et al., 2011,
Okon et al., 2009). The bacterium can cause serious
infections in immunocompromised patients such as those
with surgery wounds or severe burns (Sule et al., 2002;
Dale et al., 2004). Result of this study showed that the
prevalence of P. aeruginosa was 20.42% (29/142) among
all the samples for patients and hospital environment,
which is less than that reported in other studies; (39.1%)
to that obtained by Okon et al. (2009) from wound swabs
in Nigeria and 25.5% was reported in Cameron (Ndip et
al., 2005). But these results were higher than 17.85%
recorded in the teaching hospital of Al-Sulaimania city,
Iraqg (Ekrem et al., 2014) and 18.6% reported in Egypt
(Gad et al., 2007). This disparity in prevalence rate
among several studies can be attributed to differences in
hygienic practices and geographical location.

The detection rate of P. aeruginosa in clinical samples
19.56% was not largely different from that of 22% from
hospital environmental specimens and this result was
similar to other studies in different area of the world (Ndip
et al., 2005; Ekrem et al., 2014; Gad et al., 2007; Savas
et al., 2005). The results of this study agree with that of
several other studies. (Meenakumari et al., 2011; Orsi et
al., 1995; Sule et al., 2002) explain that P. aeruginosa is
a common cause of infections in wound and burns
contacted from the hospital environment or from patients
own normal flora, and these infections leading to the
longer hospital stays and increasing the treatment costs
and mortality rate. The highest rate of P. aeruginosa
which was identified from hospital environmental
specimens in this study were from door handles (60%)
followed with ward sinks (57.15%), This result could be
explained by the fact that bacteria grow very well at sites
with adequate amount of moisture and where people
commonly come in contact with, while the result showed
the least rate of P. aeruginosa (10.53%) in the patients’
beds and tables tops, which are mostly kept dry.
According to gender and age group, the result of this
study shows the highest rate of P. aeruginosa in the male
(55.6%), and 38.9% in the young patients (ages 5 to 25
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years) compared to the elderly, while the lowest rate
(27.8) was found among age group of forty five years and
above, which indicates that males in this age group are
more active and involve in different clinical hygiene
practices, even in hospital environment. This result is
comparable with the study of Okon et al in Nigeria, which
recorded that male patients showed a record of 52.8%
and the highest frequency of this bacterium (20.7%) was
found in age group of 29 years and below (Okon et al.,
2009). On the other hand, these results disagree with
studies of Shewatatek et al. (2014) in Ethiopia and Ekrem
and Rokan in Al-Sulaimania city, Irag, where results of
the studies showed higher occurrence of the bacterium in
female and elderly patients (Shewatatek et al., 2014;
Ekrem et al., 2014).

Results in Table 4 show the antibiotic susceptibility
testing profile of P. aeruginosa that, 100% of isolates of
clinical samples and hospital environment were
resistance to ticarcillin and ceftazidime. The resistance of
P. aeruginosa against the Beta-lactam antibiotics was
higher than that of non Beta-lactam, this result can be
attributed to the hyper production of Beta lactamase
through the resistance genes and mutational processes
(CDC, 2010; Lister et al., 2009; Okon et al., 2009). Also,
P. aeruginosa isolates from patients demonstrated high
resistance to cefepime, ofloxacin, gentamycin,
tobramycin, ciprofloxacin, lomefloxacin, norfloxacin,
levofloxacin and amikacin at 88.8, 77.7, 61.1, 50.0, 44.4,
44.4, 38.8, 38.8 and 33.3%, respectively, whereas the
results showed low resistance (16.6 and 11.1%) to each
of ticarcillin/clavulanate and meropenem, and only (5.5%)
were resistant to imepenem. Generally, P. aeruginosa
isolates from hospital environment were more resistant to
particular antibiotics than that of clinical isolates. This
result was similar with other studies done in Iraq (Ekrem
et al., 2014), Egypt (Gad et al., 2007), Cameron (Ndip et
al., 2005) and Nigeria (Okon et al., 2009), but differs with
others such as study of Shewatatek et al. (2014) who
recorded low resistance to these antibiotics. Difference in
the resistance rate among several studies may be
attributed to factors like hygienic culture of population,
type of clinical specimen examined and exposure to
antibiotics.

The resistance rate of Cefepime and ofloxacin in clinical
and hospital environment isolates used in this study was
recorded between 77 to 90.9%. This rate agree with the
result of the study done in India (Prakash et al., 2012),
but higher than that of Egypt (Gad et al.,, 2007) and
Belgium (Van, 2003). Results in Table 4 also show that
resistance rate to gentamycin was 61.1 and 63.6%, this
finding is lower than those of studies reported in Egypt
(67.5%) (Gad et al., 2007), Cameroon (66.7%) (Ndip et
al., 2005) and Jordan (72%) (Masaadeh and Jaran, 2009).
Whereas, the results are higher than the results of the
study in Iraq (40%) (Ekrem and Rokan, 2014). The high
resistance of P. aeruginosa isolates to gentamycin can
be attributed to the wide use of this antibiotic in hospital
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and the maodification in bacteria enzymes. P. aeruginosas
resistance to meropenem and imepenem was lower than
other Beta-lactams used in the present study, in both
patients and environment isolates. This result agrees with
study of Ekrem and Rokan in 2014 that recorded 0%
resistance rate to meropenem and imipenem in Iraq. The
high sensitivity of these antibiotics can be attributed to
low exposure because of the limited usage in Iraqi
hospitals (Alzaidi and Alsulami, 2014). Meropenem and
imipenem may be active therapy for P. aeruginosa
infection.

Increasing resistance to different antibiotics especially
among nosocomial pathogens has been reported world-
wide and become important therapeutic challenge in the
treatment of disease (Jones et al., 2002; Orrett, 2004).
This fact agrees with the study of WHO which pointed
that the widespread use of antibiotics both outside and
inside of medicine is playing a significant role in the
emergence of resistant bacteria by developing several
resistance mechanisms such as production of Beta-
lactamase enzymes that destroy these antibiotics (WHO,
2002). The major problem of the resistant bacteria
emergence is due to overuse and misuse of antibiotics by
patients as well as doctors (Goossens et al., 2005; Iduh
et al.,, 2015), and may be related to random use of
antibiotics without antibiotic sensitivity test and laboratory
diagnosis.

Conclusion

The high rate and multidrug resistance of P. aeruginosa
which  were isolated from clinical and hospital
environment probably occur as a result of wide use and
abuse of antibiotics. Therefore the result of this study
may be as a recommendation to the correct use of
antibiotics in treatment of patients and also has to be
considered as a part of infection control measures in
hospital environment in order to reduce the risk of
resistance development of P. aeruginosa infection.
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In this study, the antibacterial activity of silver nanoparticles (Ag-NPs) as Ag-nano disc was assessed

with

respect to Gram positive bacteria. Scanning electron microscope (ESM) was used for

Staphylococcus aureus by measuring the diameter of inhibition zones in culture media and Ag-NPS.
Eventually, gauzes containing strain were further impregnated between 2-layer nanofilms at 1, 3, 5and 7
ppm sized 2 x 2 cm and placed inside the sterile Petri dish for each. The mean diameter (mm) of the
inhibition zones surrounding the discs were significantly different (p= 0.000, F=5971.57) and varied from
2.41 to 6.19 mm and the bacteria S. aureus was sensitive to all Ag-NPs concentrations. The inhibited
bacterial growth for 1 ppm of Ag nanodisk (2.51+0.01 mm) was less than 3 (3.21+0.02), 5 (4.27+0.01) as
well as 7 ppm (6.00+0.02 mm). It was concluded that the best concentration of Ag nanodisc that can
inhibit the growth of S. aureus is 7 ppm at the size of 80-120 mm for about 24 h after inoculation.

Keywords: Staphylococcus aureus, silver nanoparticles, antibacterial activity.

INTRODUCTION

With the occurrence and increase in bacterial resistance
to most antibiotics and with emphasis on health cost,
many investigators focus on low cost or free resistance of
effective antimicrobial compounds (Jones et al., 2004).
Such constraints have led health strategist to the
renaissance in the use of Ag-based composites. The
historian, Herodotus reported that Cyrus, the Great King
of Persia from 559 to 530 B.C, had water drawn from a
watercourse, had it boiled and carried in silver containers
placed on numerous four-wheeled carriages drawn by
mules that followed the king wherever he visited at any

time (USEPA, 2012). Nanotechnology, an enabling
technology involving the characterization and utilization of
constitution or materials that are clusters of silver atoms
ranging in diameter from 1 to 100 mm (Neethirajan and
Jayas, 2011), is used as antibacterial in medical
applications (Ozcalik and Tihminlioglu, 2013). Owing to
inhibiting  bacterial growth by foods with longer
conservation, Ag-NPs (Ag-NPs) has been incorporated
into a range of food contact equipment such as, keeping
bags and fruit packages, but the medical industry has
been slow to develop the property of Ag-NPs in infection
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prophylaxis. However, it is currently used in an increasing
number of consumer and medical applications (Chaloupka
et al., 2010). Nanoparticles usually have been known to
inhibit the bacterial growth and show better performance
than the whole materials of the same elements in a major
health problem. Silver ion has long been known to
possess inhibitory and bactericidal activity on
approximately 15 species containing bacteria (Feng et
al., 2000). This potential could be due to the interaction
between silver ion and the thiol group (sulphydryl-SH) of
the bacterial cell membrane (Liau et al., 1997). The size
of nanoparticles is very crucial in its bactericidal effect.
The smaller the Ag-NPs size, the more the antibacterial
activity increases. Small nanoparticles with a great
contact area to volume ratio supply sufficient
performance for the bactericidal property even at low
concentration (Rai et al., 2009; Wijnhoven et al., 2009).

Silver sulfadiazine and silver nitrate have been widely
used in superficial and deep dermal burns of wounds and
for the removal of warts (Li et al., 2006; Wijnhoven et al.,
2009). Silver is a more toxic metal to bacteria than many
elements such as Ag >Hg >Cu>Cd>Cr >Pb>
Co>Au>Zn>Fe (Zhao and Stevens, 1998).

Nanosilver shows a new generation of bactericidal and
kills both Gram-negative and Gram-positive bacteria
including Escherichia coli, Staphylococcus aureus,
Bacillus subtilis, (Sondi and Salopek-Sondi, 2004; Cho et
al., 2005; Kim et al., 2011). It is also shown that chitosan
nanoparticles and films have antimicrobial effects on
Listeria monocytogenes and S. aureus (Rezaei and Kasra
kermanshahi, 2013). S. aureus known as a facultative
anaerobic gram-positive coccal bacterium is also an
important cause of community and hospital-acquired
infection. Methicillin-resistant infections caused by S.
aureus are mainly nosocomial and are increasingly
reported from many countries worldwide (Lowy, 1998). It
is frequently part of the skin flora found in the nose and
on the skin, and in this manner about 20% of the human
population are long-term carriers of S. aureus (Ossowski
et al.,, 2006). S. aureus is an important pathogen in the
healthcare sector that has not been omitted from the
hospital nor community environment. In humans, S.
aureus causes superficial wounds in the skin and
localized blisters, septicemia, septic arthritis, invasive
endocarditis, and pneumonia (Ayala-Nufez et al., 2009).

The purpose of this study was to examine the
antibacterial activity of different concentration of silver
nanoparticles as antibiotic discs against S. aureus by
measuring the diameter of inhibition zones in culture
media.

MATERIALS AND METHODS
Silver nanofilms
Nanofilms as thin coating tangles infused with certain concentrations

of 1, 3, 5 and 7 ppm silver compounds were produced after
changing in the line of Nano Nasb Pars Company, Tehran, Iran.
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They were afterward transported to the laboratory and kept away
from light for antimicrobial purposes.

Bacteria strain and measurement of colony-forming unit (CFU)

A Gram-positive bacteria, S. aureus with the concentration of 10’
CFU.mL* (ATCC 6538) was obtained from Iranian type Culture
Collection to test the antibacterial activity of Ag nanocomposite film.
The bacteria were kept at -80°C (stock solution), was cultured twice
in Tryptic Soy Broth and incubated for 24-48 h at 37°C and
consequently were sub-cultured on non-selective culture media,
Tryptic Soy Agar and incubated for 24-48 h at 37°C to isolate the
target colonies and suspended in saline solution (0.80% wi/v). The
bacterial suspension was attuned to the turbidity of McFarland
standard solution 0.5, resulting in inoculums containing
approximately 1x10® CFU.mL.

A bacterial inoculum of S. aureus was sub-cultured in Baird
Parker Agar (BP, Difco). Following this, discs (1 cm diameter) of
each treatment for nanocomposite films were placed on the surface
of the aforementioned inoculated agar culture media. Petri dishes
with microorganism and discs of nanocomposite films were
incubated at 37°C for 24 h. The antimicrobial activity of
nanocomposite films was determined by measuring the inhibition
zone around each disc of films (mm).

Disk diffusion assay

A disk diffusion method was used to assay the Ag-NPs for
antibacterial activity against test strains. In the first stage, pure
cultures of the bacteria were prepared in the liquid medium,
buffered peptone water to ensure that the anti-bacterial property of
nanofilms could be performed. The inoculates were prepared by
diluting the overnight cultures with 0.9% NaCl to a 1 McFarland
standard and were applied to the plates along with the standard.
The sterile sample pieces of gauze with the definite size (2x2 cm)
were prepared, allowed to soak into the liquid medium containing
the bacteria on a rotary shaker (200 rpm) at 37°C and prepared
disks containing differing amounts of Ag-NPs. Every piece of gauze
soaked in pure culture and strain were further saturated between 2
layer nanofilms at 1, 3, 5 and 7 ppm sized 2x2 cm and each were
placed inside the sterile Petri dish. Immediately, sterile swabs were
carried out from the gauze samples and linearly culture was done
on a nutrient agar medium. The same action (streaking) was carried
out between 24 h intervals to 72 h. At that point they were
incubated at 37°C for 24 h. Eventually, the results of Logio CFU and
the zones of inhibition (mm) were measured and recorded and the
assays were performed in nine replicates (Lansdown, 2002).

Scanning electron microscope (SEM)

An SEM (Vega Tescan, USA) in which the reflected light determines
the size of nano-particles that are invisible to the eye, was used in
assaying the morphological measurement of nanoparticles. Master
Batches or the constituent particles were dissolved in an acetonitrile
solvent, to make a water base solution. These dissolved ingredients
in the acetonitrile were put on two metal legs in a device called
sputter coater. Nanoparticles were sputter coated with gold prior to
the SEM examination (Thakur and SinGha, 2013).

Statistical analysis

All bacterial counts were expressed as logie colony forming units
per gram (logio CFU). The mean logie values were calculated on
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Figure 1. Zone of inhibition (mm) for antibacterial activity of
different concentrations of Ag-nano discs against S. aureus.

the assumption of normal distribution. The effect of the nano-
composite film at the different hours (Time x Nano) was analyzed
with the GLM, Repeated Measurement ANOVA using SPSS 18.
The greater and lower values of Pillai's Trace and Wilks’ Lambda
respectively showed more effectiveness in the independent factors
(different concentrations of Ag nano film) on the bacteria
inactivation while the data were analyzed at the level of a= 0.05. On
the other hand, analysis of variance for the antibacterial action of
the nanoparticles was carried out at different concentrations, by
comparing the mean diameter of the inhibition zones. These
measurements were also included measuring the frequency of the
nano-particle size counted under the SEM.

RESULTS

The results of preliminary test, multivariate statistical
assess showed a strong and significant effects of
independent variables, time (h) and concentration value
of Ag nano disc (ppm) on dependent variable diameter of
inhibition zone (mm) and counting the log ;o CFU of S.
aureus (Pillai's Trace Value=2.90, Wilk's Lambda=0.00).
The antibacterial effect of Ag-NPs as against S. aureus
prepared on bacterial cultures and evaluation of their
inhibitory diameters are shown in Figure 1.

According to the results of the antibacterial activity for
the discs impregnated with 6, 7, 8 and 9 ppm of Ag-NPs,
the mean diameter (mm) of the inhibition zones
surrounding the discs was significantly different (p= .000,
F=5971.57) from 2.41 to 6.19 mm with the bacteria S.
aureus being sensitive to all Ag-NPs concentrations
(Figure 1). The inhibited bacterial growth for 1 ppm of Ag-
Nano disk (2.51+0.01 mm) was less than 3 ppm
(3.21£0.02) and 5 ppm (4.27+0.01) as well as 7
(6.00+£0.02 mm). Table 1 shows that the effect of
interaction between the two variables (Time- nanosilver)
on the measures of log;, CFU for S. aureus. Accordingly,
the marginal means was significant for the 5 and 7 ppm
at 24 and 48 h respectively, at which the estimated

Table 1. Estimated Marginal Means of logio values of colony-
forming units (n=9).

95% confidence
Ag-nano

disc Time Mean+SE interval
(ppm) (h) Lower Lower
bound bound
0 7.3245.23 7.31 7.33
Control 24 7.51+4.91 7.52 7.52
48 7.64+4.92 7.64 7.65
72 7.74+5.26 7.75 7.75
0 7.3245.23 7.31 7.33
1 24 6.53+4.91 6.51 6.55
48 7.66+4.92 7.66 7.66
72 4.92+5.26 7.73 7.74
0 7.32+5.23 7.31 7.33
3 24 5.49+4 91 5.14 5.68
48 6.65+4.92 6.64 6.67
72 7.74+5.26 7.74 7.74
0 7.32+5.23 7.31 7.33
5 24 4.55+4.91 -5.14 5.32
48 5.68+4.92 5.49 5.82
72 7.76+5.26 7.76 7.77
0 7.3245.23 7.31 7.33
7 24 3.56+4.91 -5.23 5.25
48 4.69+4.92 -5.09 5.35
72 7.77+5.26 7.78 7.79

marginal mean values (logye) of CFU for the mentioned
groups included zero at 95% confidence interval.
However, the marginal mean value for the 7 ppm of Ag
nanodisc (3.56+4.91) was obviously less than that of 5
ppm of Ag nanodisc (4.55+£4.91) at 24 h. At 48 h, only its
value for the 7 ppm of Ag nanodisc was significantly (p=
.000) impressive and (p= .000) reached to 4.69+4.92 and
increased to 7.77+5.26 at 72 h. As shown in Figure 3, the
size of particles distributed with 15 kv and 5-10 kx
magnifications was equal to 0.08 to 0.12 um which infer
on the size of 80-120 nm for the mean value of nano-
particles in the discs.

DISCUSSION

An increasing trend of the inhibition zones diameter for
the different Ag-nano concentrations from 1 to 7 ppm of
Ag nano discs was seen. Based on the results given in
Table 1, simultaneous interaction of the different
concentrations of Ag nano discs (ppm) and time (h) were
not significantly (p= .000) effective in reducing the
marginal means of log;, values of CFU for groups,
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Figure 2. The effect of Ag-nano discs on estimated marginal means of

log 10 CFU of S. aureus.

control, 1 and 3 ppm of Ag nano discs. An investigation
(Rezaei and Kasra, 2013) representing a 3-log decrease
from 6.0 at the beginning to 2.0 log,o CFU for about 16 h
was constant till the end of the study (24 h), in exposing
S. aureus with nanodisc of chitosan. This result is similar
to our finding (marginal mean of log;o CFU) for 7 ppm of
Ag nano disc for about 24 h but increased at 48 h in this
study. Jung et al. (2008) showed reductions of more than
5 logl0 CFU/ml of both S. aureus and E. coli bacteria
that were confirmed after 90 min of treatment with the
silver ion solution. Niakan et al. (2013) indicated that the
zone of inhibition (mm) against S. aureus, with Ag-
nanoparticles concentrations of 0.025 up to 0.0125 pug
were 8.0 and 0.0 mm, respectively. Similar to our results,
Shahverdi et al. (2007) confirmed the bactericidal
property of Ag-NPs against S. aureus and on the other
hand emphasized the presence of some antibiotics along
with the Ag-NPs. Also, the results from a similar research
(Kim et al., 2011) showed the minimum and more stable
growth of S. aureus up to 8 h occurred with
concentrations of 100 and 150 ug/ml of Ag-NPs. The
results for Ag nano discs 5 and 7 ppm displayed
significant (p= 0.000) decrease for the log;;, CFU against
S. aureus up to 24 and 48 h, respectively. Contrary to the
present finding, Cho et al. (2005) indicated the
antibacterial activity of Ag-NPs with 10 and 20 ppm is
effective at 1 h after inoculation, being constant at the
level of 3 logs CFU and reached 0.0 log CFU at the end
of study (5 h). Accordingly, it showed that the stability
property of Ag-NPs is remarkably dependent on the

media culture PH while in this study and similar to Niakan
et al. (2013), time was the important factor. In
accordance with the result of Figure 2, the log,;q CFU for
3, 5 and 7 ppm of Ag nano discs were effectively
decreased at 24 h but statistically, the interaction
between time and concentration of Ag-NPs was not
significant for 1 ppm Ag-nano disc. Accordingly, the
effectiveness of 5 and 7 ppm Ag-nano discs was
remarkably decreased after 48 h, and only the interaction
between time and concentration of Ag-NPs was
significant for 7 ppm Ag-nano disc. The efficacy of the
nano discs to decrease the log 3, marginal mean
obviously decreased when it got to 72h. An investigation
(Kim et al., 2007) was made on the effect of Ag-NPs on
deactivating the yeast, E. coli, and S. aureus. Its results
showed the inappropriate antibacterial activity for S.
aureus in contrary to the yeast and E. coli, which is
similar to our results that shows that the appropriate
antibacterial activity for S. aureus was diminished after 24
h. This finding is also in agreement with the result of

Guzman et al. (2012), which indicated Ag-NPs
reasonable bactericidal activity against E. coli, P.
aeruginosa and S. aureus. Also, Li et al. (2011)

demonstrated that Ag-NPs passed the cell wall and
interfered with the enzymatic formation. Subsequently, it
entered the bacteria cell, condensed the DNA and
prevented bacteria production.

Increasing the food life span using nano covers can be
done by decreasing the size of materials lesser than 100
nanometer and that their properties follow the quantum
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Figure 3. Left) Scanning electron microscope (SEM) of Ag-NPs, EHT=15.0, WD=10 mm, Mag. =10.0 kx; Particle size
histogram of the silver particles is shown in the right hand picture.

physics rules, similar to the finding of Birla et al. (2009).
These findings are in accordance with the results of
Shahbazzadeh et al. (2011) who concluded that
nanosilver has growth inhibiting on cancer cells two times
more compared to natural and normal cells in the cases
of Mesenchymal stem cells, natural fibroblast (HF2) and
osteoblast (G292).

It is therefore concluded, the probability that the best
concentration of Ag- nanodisc can inhibit the growth of S.
aureus is 7 ppm at the size of 80-120 nm up to 24 h after
inoculation and the present study results suggest that the
efficacy of the Ag-NPs is decreased after the
aforementioned time.
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Seroepidemiology, molecular and entomological studies of bluetongue in sheep was carried out in
Gujarat, India. Out of 980 sera sample screened, 361 (36.84 %) were found positive by c-enzyme-linked
immunosorbent assay (c-ELISA). Out of the 103 blood samples tested for the presence of bluetongue
virus (BTV) by reverse transcription-polymerase chain reaction (RT-PCR), 3 were found positive,
producing 274 bp amplicons with NS1 gene specific primers. Collection and identification of Culicoides
vectors from various farms suggest that the Culicoides oxystoma is the most prevalent species.
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INTRODUCTION

Bluetongue is an arthropod borne viral infection of
domestic and wild ruminants. Although, all the ruminants
are susceptible to bluetongue virus (BTV) infection,
sheep is the most susceptible species to the clinical
bluetongue disease. Bluetongue disease is a “List A”
disease of the Office of International Epizootics (OIE).
List A diseases are those diseases which can spread
rapidly and the bluetongue is characterized by fever
(42°C), hyperaemia, inflammation of the oral mucosa,
tongue, coronaryband and occasionally the nasal
mucosa, erosions and ulceration of the dermis and
laminitis. Severe oedema of the tongue can result in
restricted blood flow and cyanosis. The swollen tongue
may protrude giving the appearance of a bluetongue.

Sick animals may exhibit profuse salivation, depression,
anorexia, weight loss due to muscle degeneration,
stiffness of the limbs, lameness, and excessive nasal and
ocular secretion. Death may occur in 8-10 days. The
economic losses due to bluetongue is about 3 billion US$
per year in the world. The direct losses are death,
abortions, weight loss and reduced milk and meat pro-
ductions and indirect losses are export restrictions of live
animals, semen and foetal calf serum (Bitew et al., 2013).

The causative agent, bluetongue virus (BTV) is a
prototype virus of orbivirus of the family Reoviridae
(Pringle, 1999). It is composed of 10 discrete segments
of ds-RNA genome surrounded by two layers of protein
capsid. Due to the presence of segmented RNA genome,
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the virus is prone to frequent mutations. This has led to
emergence of genomically diverse serotypes/strains of
the virus. There are 26 BTV serotypes currently identified
by the specificity of interactions between the outer capsid
(particularly protein VP2) and the neutralizing antibodies
generated during infection of the host (Maan et al., 2011).
Out of 26 serotypes distributed globally, 21 serotypes
have been reported from India (Wilson and Mellor, 2009).
BTV is transmitted biologically by hematophagous
midges in the genus Culicoides and infection occurs
throughout the tropical and temperate regions of the
world and coincident with the distribution of competent
Culicoides vectors (Tabachnick, 1996).

Thus, the present study was carried out to determine
the prevalence and distribution of BTV antibodies by c-
enzyme-linked immunosorbent assay (c-ELISA), detection
of BTV using reverse transcription-polymerase chain
reaction (RT-PCR) and collection and identification of
Culicoides vectors in various organized sheep farms of
Gujarat.

MATERIALS AND METHODS

A total of 980 sera samples were collected for detection of BTV
group specific antibodies by using BTV c-ELISA kit (Veterinary
Diagnostic Technology Incorporation, USA) from sheep belonging
to rural areas and organized farms of different districts of Gujarat
state during the year 2008-2009. The separated serum was
collected in screw capped plastic vial and heat inactivated at 56°C
for 30 min. The sera were held at -20°C temperature till further use.
The c-ELISA test was performed as described by Afshar et al.
(1987). The data were analyzed by the Chi-square and odds ratio.
The level of significance was set at P< 0.05.

A total of 103 blood samples were collected separately in
vacutainers (Becton, Dickinson and Company) from sheep
stationed at Gujarat Sheep and Wool Development Corporation
(GSWDC), Jasdan and Aseda, LRS, Sardarkrushinagar and SBF,
Patan. The samples were collected from sheep showing initial rise
in body temperature (104°F) and showing clinical signs resembling
BT. The samples were also collected from apparently healthy
sheep. The blood samples on arrival at the Department of
Veterinary Microbiology, College of Veterinary Science and Animal
Husbandry, S.D. Agricultural University, Sardarkrushinagar were
centrifuged at 800 g for 5 to 10 min in refrigerated centrifuge at 4°C.
The blood cells were washed three times in equal volume of
calcium magnesium free PBS. After the final wash, the equal
volume of OPG medium was added in all the blood samples. The
red blood cells were haemolysed as per the method described by
Hosseini et al. (1998). After this, the blood samples were
transferred in screw capped vials and stored at 4°C until further
use. TRI RNA extraction method was used for total RNA isolation
from blood samples as per the manufacturer's instruction
(Molecular Research Centre, Inc., USA). The viral genomic RNA
extracted by TRI reagent method was used as a template for cDNA
synthesis by Moloney murine leukemia virus-reverse transcriptase
(MMLV-RT) enzyme (Bangalore Genei). The cDNA obtained was
subjected to RT-PCR using partial length primer sequence for BTV
group specific NS1 gene. The partial length PCR primers used were
P1: 5GTT CTC TAG TTG GCA ACC ACC3’ and P2: 5 AAG CCA
GAC TGT TTC CCG AT3' to generate an amplicon of 274 bp long.
The NS1 gene based group specific PCR confirmed the samples as
BTV. RT-PCR products where analyzed by agarose gel
electrophoresis using 1.5% agarose gel prepared in 1X Tris-
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acetate-EDTA. The bands were visualized and photographed under
Gel Documentation System (DNR Bio-imaging System) and
photographed.

For the collections Culicoides, CDC miniature Insect Light Trap
was employed close to animal sheds and operated from dusk to
dawn (Figure 1). Culicoides were sorted out under a stereoscope
and some Culicoides specimens were mounted and some were
preserved in 70% alcohol for detailed identification. Culicoides
collections were made from LRS, Sardarkrushinagar, GSWDC
Sheep farm Jasdan and Aseda, SBF Patan. These way insects
were collected, processed and finally sent to Centre for Animal
Disease Research and Diagnosis, IVRI, Izatnagar for detailed
identification.

RESULTS AND DISCUSSION

Presumptive diagnosis of BTV infection was made by
serological test rather than by isolation and identification
of the virus. To study the distribution and gravity of
problem, seroepidemiology was considered as important
tool and in the epidemiology of the bluetongue, and
serological surveys are used to analyze the infection
status of the ruminants in the area. The OIE manual of
diagnostic tests and vaccines for terrestrial animals
recommends AGID, c-ELISA and RT-PCR as prescribed
tests for international trade. However, AGID is known for
cross-reactions with other Orbiviruses such as epizootic
haemorrhagicdisease virus (EDHV), thus its use has
declined over time and replaced with the easier to use,
rapid, highly sensitive and specific c-ELISA (Reddington
et al., 1991).

Detection of virus specific antibodies in animals is an
important criterion to study the epidemiology and
provides an indirect evidence of virus circulation in a
geographical area (Sreenivasulu and SubbaRao, 1999).
Keeping the above facts in mind, a serological survey
involving 980 sera sample from sheep was conducted
using c-ELISA. Out of 980 sera sample screened, 361
(36.84%) were found to be positive (Table 1 and Figure
2). However, Sreenivasulu and SubbaRao (1999)
reported higher rate of seroprevalence than this. Chandel
et al. (2004) and Hinsu et al. (2000) recorded lower rate
of 24.66 and 24.56% seroprevalence using Aar Gel
Immuno-Diffusion (AGID) respectively, whereas Hinsu et
al. (2000) reported a much higher rate of seroprevalence
of 63.16% by c-ELISA from Gujarat State.

Out of 18 locations, the highest seroprevalence was
recorded in GSWDC, Aseda while the Ilowest
seroprevalence was recorded in Ahmedabad. The rate of
seroprevalence in all these locations ranged between
27.59 and 44.29%. Univariate analysis showed that
GSWDC, Aseda is more likely to be seropositive than
Ahmedabad (OR=1.60), In contrast to the seroprevalence
rate of 18.42% in Banaskantha, Chandel et al. (2004)
reported 15.16% by BT-AGID and 32.00% in Kuchchh
district; higher rate of seroprevalence, 59.64% by i-ELISA
was reported by Bhalodiya and Jhala (2002). The
reasons for this may be the variation in samples and
place from where the sera were collected and tests
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Figure 1. CDC miniature insect light trap employed at sheep
farm.

employed for detection of BTV antibodies.

Sera were tested from five different regions viz., North
Gujarat, Saurashtra, Kuchchh, Central Gujarat and South
Gujarat. Out of these five regions, the highest positivity
was 40% in South Gujarat followed by North Gujarat
Saurashtra, Kuchchh and Central Gujarat regions.
Univariate analysis showed that South Gujarat is more
likely to be seropositive than Central Gujarat, Kuchchh,
Saurashtra and north Gujarat (OR=1.57, 1.40, 1.13 and
1.08, respectively). In contrast to the present findings,
Bhalodiya and Jhala (2002) reported 69.23% from
Saurashtra, and 59.69% from Kuchchh region of Gujarat
State.

In the present study, four breeds of sheep were
included. The rate of seroprevalence was highest in
exotic (80%), followed by crossbred (53.68%), Patanwadi
(35.09%) and Marwari (27.05%). The present findings
revealed that exotic breeds are more susceptible than
crossbreds and the indigenous breeds. Univariate
analysis of breeds showed that exotic is 6 times more
likely to be seropositive than Patanwadi (OR=6.98), also,
analysis showed that exoticbreeds are 2 times more likely
to be seropositive than Crossbred (OR=2.00) but
Marwadi breed showed non-significant Chi-square value
(0.1127, p<00000). Similar findings have been reported
(Prasad et al., 1987; Das et al., 1997). However, on the
contrary, Hinsu et al. (2000) found native sheep more
susceptible than crossbred sheep for BTV infection.
Higher rate of seroprevalence in crossbred than
indigenous has also been reported by Sreenivasulu and

Table 1. Seroprevalence of BTV antibodies in sheep.

Attribute Number of Np: Perggnt
samples tested positive positive
Region
North Gujarat 570 217 38.07
Kuchchh 50 16 32.00
Saurashtra 266 98 36.84
Central Gujarat 74 22 29.73
South Gujarat 20 08 40.00
Location
Banaskantha 200 83 41.50
Mehsana 95 35 36.84
Sabarkantha 20 07 35.00
Ahmedabad 29 08 27.59
Gandhinagar 15 05 33.33
Porbandar 17 05 29.41
Bharuch 20 08 40.00
Bhavnagar 23 08 34.78
Patan 70 24 34.29
SBF, Patan 50 19 38.00
LRS,
Sardarkrushinagar 65 18 21.69
Jamnagar 56 17 30.36
Surendranagar 50 18 36.00
Amreli 25 09 36.00
Panchmabhal 30 09 30.00
GSWDC, Jasdan 95 41 43.16
GSWDC, Aseda 70 31 44.29
Kuchchh 50 16 32.00
Breed
Patanwadi 530 186 35.09
Marwadi 255 69 27.05
Crossbred 190 102 53.68
Exotic 05 04 80.00
Overall 980 361 36.84

SubbaRao (1999). Within indigenous breeds, Patanwadi
showed higher rate of seroprevalence than Marwari,
which is in accordance with the observations of Chandel
et al. (2004).

Primer-directed amplification of viral nucleic acid has
revolutionized BT diagnosis. It is one of the prescribed
tests by OIE for international trade of animal products.
This PCR assay may be used, not only to detect the
presence of viral nucleic acid, but also for sero group
orbiviruses and provide information on the serotype and
possible geographical source of BTV isolates within a few
days of receipt of clinical samples such as infected sheep
blood. In the present study, Out of 103 blood samples
tested for the presence of BTV by RT-PCR, 3 were positive
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Figure 2. Microtitre ELISA plate showing results of c-ELISA. Al and
B1: Diluent control; C1 and D1: Negative control; E1 and F1: Weak
positive control; G1 and H1: Positive control; A2 and B2; G12 and
H12: Field sera.

for producing 274 bp amplicons with NS1 gene specific
primers (Figure 3). Due to the conserved nature of NS1
gene, it was targeted for development of RT-PCR for
detection of BTV. The NS1 gene primer sequence for
partial length used in the study was the same as used by
Katz et al. (1993). Similar, RT-PCR based amplification of
274 bp has also been carried out by Malik et al. (2001).

In the present study, collection and identification of
Culicoides vectors from various farms suggest that the C.
oxystoma is the most prevalent species and variable rate
of seroprevalence has also been reported in these farms.
As compared to the present study on collection and
identification of Culicoides vectors, Patel et al. (2007) has
also reported the prevalence of Culicoides oxystoma from
LRS, Sardarkrushinagar; GSWDC, Jasdan; GSWDC,
Aseda and LRS, Navsari which is in accordance with the
results obtained in the present investigation. However,
isolation of the virus from the trapped Culicoides and
experimental transmission of the virus to the susceptible
animals by vectors are required to confirm its role.
Repeated trapping of a single species of C. oxystoma
from sentinel herds/flocks, its close association with
sheep and cattle and its continuous seroconversion in
sentinel herds have been established in Punjab,
Haryana, H.P. and Rajasthan (Kakkar et al., 2002).
Culicoides are highly adapted to a wide range of
temperature and moisture. In tropical areas, moisture is
maintained by rain water, and in subtropical areas, it is
through irrigation water. In South India, the monsoon
season (June-December) with temperature ranging from
21.2 to 35.6°C appears to be favourable period for the
multiplication of the vector resulting in more outbreaks.
Bluetongue outbreaks in Karnataka, Tamil Nadu and
Andhra Pradesh were associated with peak activity
period of Culicoides spp.
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L-1; L-Zl-3]1-4

Figure 3. PCR product 274 bp by using BTV group specific nsl
gene primer (L-1: 100 BP LADDER, Lane 2-4: Positive field
samples).

Conclusion

In the present study, detection of BTV group specific
antibodies and of BTV in blood samples by RT-PCR and
identification of C. oxystoma from various farms indicate
that the BTV is prevalent in Gujarat. Considering the
immense economic importance of BTV and increasing
trends of occurrence of BTV in India, potential vectors
should be screened for identification, virus isolation and
susceptibility of the infection and the virus transmission to
vertebrate hosts. Forecasting of vector borne disease
outbreaks through the development of appropriate
models could be of great significance in controlling
bluetongue disease.
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Concern with traces of antibiotics found in milk and resistant bacteria has led to the search for
alternatives, mainly natural products, to treat mastitis. This study aimed at evaluating the antimicrobial
activity of fixed oils found in Brazil nuts and sunflower seeds against microorganisms isolated from
mastitic milk and at analyzing their fatty acids. The following microorganisms were isolated from milk
produced by cows with subclinical mastitis and selected for the antimicrobial test: Staphylococcus
aureus, Enterococcus spp., Candida spp. and Cryptococcus laurentii. The oil components and the
antimicrobial activity were determined by gas chromatography and by the broth microdilution
technique, respectively. The following fatty acids were identified: myristic, palmitic, palmitoleic,
margaric, stearic, oleic, linoleic, linolenic, arachidic, gadoleic, behenic and lignoceric. Averages of
minimum inhibitory concentrations (MIC) for S. aureus, Enterococcus spp., Candida spp. and C. laurenti
were 36.30; 21.35; 15.62 and 10.41 pg.mL'1 (Brazil nut oil) and 23.5; 19.21; 7.81 and 1.2 pg.mL'1
(sunflower seed oil), respectively. These values show that these oils, in low concentration, have
antimicrobial activity against the microorganisms under study. Therefore, this study shows that these
fixed oils may be used as therapeutic resources for the control of mastitis.

Key words: Mastitis, antimicrobial activity, fixed oils.

INTRODUCTION

Mastitis, an inflammatory process in the mammary death. The etiology of this disease has shown that it may
glands, causes major economic losses to dairy farms due have toxic, traumatic, allergic, metabolic and mainly
to the decrease in milk production and quality, to the infectious origins (Melchior et al., 2006).

increase in medication use and to the risk of animal Even though several other microorganisms may affect
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the intramammary region and cause an infection,
Staphylococcus aureus is the main etiologic agent of
chronic mastitis in dairy cows (Roberson et al., 1994).
Despite the fact that bacteria are the agents which are
more likely to be isolated, there are some cases of
environmental microorganisms in the literature, mainly
yeast from the genera Candida spp. and Cryptococcus
spp. (Spanamberg et al., 2009).

Antibiotic therapies have been the most common
procedures in the treatment of mastitis in dairy cows.
However, concern with traces of antibiotics in milk and
with resistant bacterial strains has led to the search for
alternatives that may mitigate or eliminate such problems
(Freitas et al.,, 2005). Researchers have become
increasingly interested in natural products as sources of
new drugs, such as medicinal plants (Pinto et al., 2006).

Therefore, this study aimed at evaluating the
antimicrobial activity of fixed oils found in Brazil nuts and
sunflower seeds against microorganisms isolated from
milk from mammary quarts with subclinical mastitis.

MATERIALS AND METHODS
Chromatographic

Chromatographic analyses of Brazil nut and sunflower seeds oils
were carried out by a GC-2010 chromatographer (Shimadzu,
Japan) with an Elite-WAX capillary column (0.25 pm x 30 m x 0.25
mm). The injection of 1 pL of the sample was carried out in split
mode (1:25). The carrier gas was H, (1.2 mL.min). The initial
temperature of the column was 140°C for 5 min; then, it was
increased to 4°C per minute, up to 230°C for 10 min.Quantification
was performed by the area normalization method proposed by
GCSolution software whereas the identification of fatty acids was
carried out by comparison with FAME MIX 37 standards (Sigma-
Aldrich).

Antimicrobial tests

In this study, microorganisms that had been previously identified by
the Vitek 2 system were selected: S. aureus (n=10), Enterococcus
spp. (n=4), Candida spp. (n=4) and Cryptococcus laurentii (n=3)
from bovine subclinical mastitis. Before the realization of the tests, it
was recommended that bacteria which had resistance in vitro to at
least five antibiotics be used in the routine of veterinary medicine.

The determination of the minimum inhibitory concentrations (MIC)
of the oils was carried out by the broth microdilution technique, in
agreement with CLSI 2008 (protocols M7-A6 and M27-A3, for
bacteria and  yeasts, respectively), adapted to a
phytopharmacological agent.

The oils were prepared with dimethylsulphoxide (DMSO) as a
dispersing solvent. In order to carry out the bacterial test, sterile
microdilution plates that were previously filled with 100 uL Mueller-
Hinton broth; ten successive oil dilutions, whose concentration
varied from 170.8 to 0.33 pug.mL™, were made. Afterwards, plates
were inoculated with 50 pL of the bacterium to be tested. It was

been prepared to comply with 0.5 turbidity in the McFarland scale
and adjusted in a cultivation media. After incubation at 36°C for 18
h, the plates had their MIC determined. In order to determine their
minimum bactericidal concentrations (MBC), an aliquot of 5 yL from
the first well of the microplate on which there was growth and from
two preceding ones — were planted on a plate with Brain Heart
Infusion Agar and incubated for 24 h so that bacterial growth could
be observed.

Regarding yeasts, ten successive dilutions of oils were made on
the microdilution plates; concentrations varied from 83.3 to 0.16
pg.mL™ in RPMI media. The microplates were inoculated with 100.0
pL of the microorganism to be tested and incubated at 36°C for
48h. Then, the MIC was determined. In order to determine their
minimum fungicidal concentrations (MFC), an aliquot of 5 yL - from
the first well of the microplate on which there was growth and from
two preceding ones - was planted on a plate with Sabouraud
dextrose agar and incubated for 24 h so that yeast growth could be
observed.

RESULTS

Results of the chromatographic analysis of Brazil nut and
sunflower seed oils are shown in Table 1. The following
fatty acids were found in the oils under study: myristic
acid (C 14:0), palmitic acid (C 16:0), palmitoleic acid (C
16:1), margaric acid (C 17:0), stearic acid (C 18:0), oleic
acid (C18:1n9c), linoleic acid (C18:2n6c), linolenic acid
(C18:3n3), arachidic acid (C20:0), gadoleic acid
(C20:1n9), behenic acid (C22:0) and lignoceric acid
(C24:0). Results showed that oleic acid (C18:1n9c) and
linoleic acid (C18:2n6c) are the fatty acids with the
highest concentrations in Brazil nut oil. The former is
composed of 30.61%, whereas the latter is composed of
47.26% of Brazil nut oil. Myristic acid (C 14:0) is the one
with the lowest concentration (0.044%) in the compaosition
of the fatty acids found in the sample.

The MIC of the oils, in relation to the microorganisms
under study are shown in Table 2. In the case of Brazil
nut oil, the averages of these concentrations were 36.30;

21.35; 15.62 and 10.41 ug.mL'1 for S. aureus,
Enterococcus spp., Candida spp. and C. laurentii,
respectively. In the case of the 19 isolated
microorganisms, MIC was similar to MBC/MFC.

Regarding the sunflower seed oil, MIC’s were 23.5;
19.21; 7.81 and 1.2 pg.mL™ for S. aureus, Enterococcus
spp., Candida spp. and C. laurentii, respectively.
MBC/MFC of this oil was equal to MIC's of 18
microorganisms.

DISCUSSION

Venkatachalam and Sathe (2006) determined the fatty
acids found in Brazil nut oil in 2006: their values were
similar to the ones found in this study, that is, 45.43% of
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Table 1. Identification and concentration of fatty acids found in Brazil nut and
sunflower seed oils.

Compound Brazil nut oil (%) Sunflower seed oil (%)
Myristic acid (C 14:0) 0.044 0.071
Palmitic acid (C 16:0) 13.467 5.791
Palmitoleic acid (C 16:1) 0.232 0.073
Margaric acid (C 17:0) 0.129 0.039
Stearic acid (C 18:0) 7.741 4.106
Oleic acid (C 18:1n9c) 30.606 35.805
Linoleic acid (C 18:2n6c¢) 47.256 53.638
Linolenic acid (C 18:3n3) 0.095 0.043
Arachidic acid (C 20:0) 0.194 0.244
Gadoleic acid (C 20:1n9) 0.070 0.096
Behenic acid (C 22:0) 0.099 0.0866
Lignoceric acid (C 24:0) 0.065 0.228
Total 100.00 100.00

Table 2. Minimum inhibitory concentrations and minimum bactericidal/fungicidal concentrations of fixed oils found in
Brazil nuts and sunflower seeds.

Microorganism . Brazil nut oil Sunfllower seed oil
MIC (ug.mL™) MBC/MFC (ug/mL) (ug/mL) MIC (ug.mL™) MBC/MFC (ug/mL)
42.71 42.71 21.35 21.35
42.71 42.71 21.35 21.35
21.35 42.71 21.35 21.35
42.71 42.71 21.35 21.35
S. aureus 85.42 85.42 42.71 42.71
21.35 42.71 21.35 42.71
21.35 21.35 10.68 21.35
42.71 42.71 21.35 21.35
21.35 21.35 42.71 42.71
21.35 21.35 10.68 21.35
21.35 21.35 21.35 21.35
Enterococcus spp. 21.35 21.35 21.35 21.35
21.35 21.35 21.35 21.35
21.35 21.35 21.35 21.35
10.41 10.41 5.21 5.21
Candida spp. 20.83 20.83 5.21 5.21
20.83 20.83 10.41 10.41
10.41 10.41 10.41 10.41
Cryptococcus laurentii 10.41 10.41 0.65 0.65
10.41 10.41 2.60 2.60
10.41 10.41 0.33 0.33

linoleic acid and 28.75% of oleic acid. Other authors, who al., 2009). Gas chromatography was employed to
also studied the content of fatty acids in this oil, found qguantify the content of fatty acids in both previously
similar results (Santos and Marin, 2005; Spanamberg et mentioned studies.
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The sunflower seed oil has the same main compounds
of the Brazil nut one, that is, oleic acid represents 35.80%
and linoleic acid is 52.64% of the total amount of fatty
acids. Margaric acid (C 17:0) comprises only 0.039% of
this oil. It is worth mentioning that linoleic acid is the most
abundant unsaturated fatty acid in both samples under
study.

Studies reported in literature have shown that linoleic
acid is able to inhibit the growth of S. aureus, since it
affects the protein synthesis on cell walls and on the
nucleic acids (Mandelbaum et al., 2003). MIC values
were higher against S. aureus (36.6 and 23.5pug.mL™ for
Brazil nut and sunflower seed oils, respectively) for both
fixed oils under study. Increase in the prevalence of multi-
resistant S. aureus which causes bovine mastitis is a
serious problem worldwide since antimicrobial agents
have less effective and morbidity rates and costs in
fighting the disease have increased. There is
considerable genetic heterogeneity in natural populations
of S. aureus. Besides, it is an important pathogen which
causes diseases that result from food ingestion, that is,
the intake of toxins; thus, it may lead to a public health
problem (Zafalon et al., 2008). These facts explain the
stimulus for the search for alternative means to reduce or
eliminate such problems.

Several studies demonstrate the resistance profile of
agents causing bovine mastitis against antimicrobial
agents available in the market for the treatment of this
disease, for example, in a study conducted by Laport et
al. (2012), 49 Staphylcoccus spp. strains were isolated
from bovine mastitis cases from 21 different dairy herds
kept at farms in Southeast Brazil. Strains were analyzed
for antimicrobial susceptibility. Fifty-nine percent of the
bacteria strains were resistant to at least one of the drugs
tested and 12.2% were classified as multiresistant.

MBC was equal to MIC in 80% of the isolated
microorganisms in the Brazil nut oil and in 70% of the
sunflower seed oil ones. It shows that the oils exerted
bactericidal/fungicidal and bacteriostatic/fungistatic
activities against these strains. In a study carried out by
Aquino et al. (2010), the fixed oil of Ocimum basilicum
had bactericidal and bacteriostatic activity against S.
aureus strains. Five out of eight strains under study were
inhibited and killed when MIC’s and MBC’s were 3.12 and
6.25 ug.mL'l, respectively. All isolates selected for this
work, in a previous study, presented in vitro resistance to
at least five antibiotics, which does not mean the MICs
can be compared between them, since each active
ingredient has specific concentrations to act.

Table 2 shows that the fixed oils under study exerted
activity against yeasts in low concentrations; they varied
from 10.41 to 20.83 ug.mL'l in the case of Brazil nut oil
and from 0.33 to 10.41 pg.mL'l in the case of sunflower
seed oil. The activity fixed oils exert against these
microorganisms has been emphasized due to the scarcity
of antimycotic pharmacological agents available in an
adequate way to treat mycotic mastitis, mainly when

antimicrobial medicines often used to fight the bacterial
disease are compared.

High sensitivity was observed for Cryptococcus
laurentii when sunflower seed oil was used; average MIC
and MFC were 1.2 ug.mL™.

Regarding isolated microorganisms of Candida spp.,
the oils under analysis also had inhibitory activity in low
concentrations; this fact is relevant since Candida
represents the most commonly isolated pathogen from
infections found in mammary glands of dairy cows,
among all yeasts (Santos and Marin, 2005; Wunder,
2007). Besides, these results are also important due to
the development of resistance against azolic agents
which may cure candidiasis (caused by this yeast) in
animals (Cleff et al., 2012).

Given these results, it was evidenced that the oils
studied showed  antimicrobial activity = against
microorganisms isolated from mastitis milk in low
concentrations. Considering the current problem of
difficulty in control and treatment of bovine mastitis due to
resistance of these pathogens to antimicrobials routinely
used in the treatment of mastitis and the concern of the
presence of residues of these drugs in milk, the data
demonstrated the potential use of these oils as a
therapeutic resource in the control of this disease.
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