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Abstract 
Chemical synthesis of selenium nanoparticles (Se-NPs) and evaluation of their antimicrobial po-

tential against some bacterial and fungal causes of diseases in buffaloes were investigated. Out of 

80 samples were collected from dairy buffalo’s farm which suffered from mastitis in Giza (60 

mastitic milk samples and 20 samples of ration). The bacteriological and mycological examination 

of samples revealed that, the presence of Staphylococcus species and Escherichia coli as the most 

predominant isolates from different samples. While, Aspergillus flavus and Candida albicans were 

recovered in high percentages. On the other hand, the antimicrobial potential of selenium nanopar-

ticles yielded a wide range against S. aureus, E. coli, A. flavus and C. albicans. As the concentra-

tion of Se-NPs increased from(100µg/ml to 600µg/ml), the diameters of inhibitory zone increased. 

When the treated fungal and bacterial cells were subjected to Scanning Electron Micrograph 

(SEM), the damage and rupture of their cell wall was detected or membrane damage and some pits 

and adhered to respiratory sequence of cytoplasm that had been caused leakage in inter cellular 

components and finally cell death. Hence, nano-selenium can be the alternative to the antibiotics 

and help to overcome the antibiotic resistance. It is concluded that, further studies are required for 

investigation the effect of combination of antioxidant Se-NPs with other traditional chemical drugs 

to obtain dual synergistic actions to decrease the amount of used chemicals and nanoparticles in the 

feeds manufacture. 
 

Key words: Selenium nanoparticles (Se-NPs), Antimicrobial potential, mastitis, buffaloes and Tradi-

tional antibiotic. 

Introduction 
Bacteria, fungi and their toxins are natural con-

taminants of environment particularly foods 

and feeds even when the best condition of cul-

ture, harvest, storage and handling were used. 

The dairy buffalo is making a very significant 

contribution to the total food supply as milk, 

meat and leathers in many developing coun-

tries (Patel et al., 2010). There are a number of 

diseases which adversely affect the health of 

this dairy animal, of these, mastitis which is 

conceder in both clinical and a subclinical form 

is a frustrating, costly and extremely complex 

disease that results in a marked reduction in the 

quality and quantity of milk (Harmon, 2001 

and Aamir et al., 2009). 

 

Whereas, Manal et al. (2010) reported that, the 

causes of mastitis involved a complex relation-

ship of three major factors included host re-
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sistance, causative agents and the environmen-

tal factors. It is mainly caused by microorgan-

isms’ usually Gram-negative and Gram-

positive bacteria, mycoplasmas, yeasts and al-

gae (Zadoks et al., 2011 and Bhatt et al., 

2012). The main causative bacteria include: S. 

aureus, S. agalactiae (both of which are conta-

gious), coli forms, streptococci and enterococ-

ci.  All of these pathogens are found in the en-

vironment of the animals (water, feed, bedding, 

manure and soil), several other pathogens have 

been isolated from infected mammary glands 

which include Trueperella pyogenes, Clostridi-

umperfringens and other pathogens, such as 

Pseudomonas aeruginosa, Klebsiella pneumo-

nia and Mannheimia haemolytica, among oth-

ers (Conington et al., 2005;Bhatt et al., 2012 

and Emtenam et al., 2018).  On the other hand 

Farid et al. (1975) and Mosherf (2005) report-

ed that, various Candida species particularly, 

C. albicans were the most common yeasts re-

covered from clinically and sub-clinically mas-

titic milk. Whereas, many mould isolates as A. 

flavus were recovered from mastitic milk of 

sheep and cattle by Hassan et al.(2010). The 

multiplicity of the cause and emergence of re-

sistance due to indiscriminate and prolonged 

use of antibiotics in absence of antibiogram is 

a major hurdle in the control of mastitis 

(Jeykumar et al., 2013). 

 

Inappropriate usage of antimicrobials such as 

wrong dose, drug or duration may be contribut-

ed to the increase in antimicrobial resistance 

without improving the outcome of treatment 

(Williams, 2000).The usage of antibiotics cor-

relates with the emergence and maintenance of 

antibiotic resistant traits within pathogenic 

strains. These traits are coded by particular 

genes that may be carried on the bacterial chro-

mosome, plasmids and transposons or on gene 

cassettes that are incorporated into integrons 

(Daka et al., 2012), thus are easily transferred 

among isolates (Goffeau, 2008; and Hassan et 

al., 2016).  

 

Thus, the development of more effective anti-

microbial therapies understanding the mecha-

nisms and decisions of cell death is of great 

importance (Daka et al., 2012; Nabawy et al., 

2014 and Singh et al., 2018). 

 

In recent years, interest in nanoparticles and 

nanomaterials, with sizes ranging from 0.1 nm 

to 1,000 nm, has emerged due to their novel 

and enhanced applicability in various areas 

such as electronics, chemistry, energy, and the 

development of medicines (Gajjar et al., 2009 

and Tran and Webster, 2011). On the other 

hand, the selenium (Se) is an essential micro-

nutrient for animals and humans that affect the 

chemotaxis, phagocytosis, and the respiratory 

burst of the neutrophils’ activities under physi-

ological and pathological conditions. The best-

known biological roles of selenium are linked 

to its presence as the functional component in 

seleno-enzymes such as glutathione peroxidase 

(GPx) and thioredoxin reductase (TrxR) 

(Ramamurthy et al., 2013). Selenium incor-

porates into proteins such as seleno-cysteine 

and prevents oxidative damage to body tissues 

(Rotruck et al., 1973). It plays an important 

role in antioxidant defensive system, regulation 

of thyroid hormones metabolism and cell 

growth (Patching and Gardiner, 1999). 

 

However, selenium has unique properties and 

great potential in the field of medicine, phys-

ics, biology and chemistry. The selenium nano-

particles are also used as antioxidant, antimi-

crobial, enzyme inhibition, anticancer agent 

but it is highly toxic.So, preparation of seleni-

um nanoparticles and biomedical application is 

still a challenge (Ramamurthy et al., 2013). 

In addition, the selenium deficiency can lead to 

heart disease, hypothyroidism and a weakened 

immune system (Dick and Agrawal, 2003). 

Whereas, the adequate levels of selenium in 

the feed prevent the accumulation of lipid hy-

droperoxides in organs and tissues and protect 

them from damage by oxygen radical species 

(Hodgson et al., 2006). Despite of the various 

advantages of selenium, the high doses can 

cause adverse effects. Recently, some studies 

are now focusing on how to overcome the 

drawbacks of high doses of selenium by using 
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its nanoparticles which have various biological 

effects such as the anti-cancer activity 

(Ramamurthy et al., 2013). In addition, sele-

nium nanoparticles possess increased biologi-

cal activity with reduced risk of selenium tox-

icity (Ingole et al., 2010 and Jay and Shafkat, 

2018). 

 

Therefore, the present study was undertaken to 

investigate the bacterial and fungal causes of 

some buffalo’s mastitis. The recovered bacteria 

and fungi were subjected to treatment by Se-

NPs in comparison with some traditional anti-

bacterial and antifungal drugs.  In addition, the 

efficacy of treatment by Se-NPs was evaluated 

by scanning electron microscope of the treated 

bacterial cells and fungal spores. 

 

Materials and Methods 

Collection of Samples: A total of 60 samples 

of milk from mastitic animals and 20 samples 

of ration were collected from a private dairy 

farm at Giza governorate before the buffalo 

treated with either intramammary or systemic 

antimicrobial agent according to National 

Mastitis Council (NMC, 1999). Udder, teat 

orifice and hands of the milkers were perfectly 

cleaned with water and soap and disinfected 

with 70% ethyl alcohol before collection of 

milk samples. The first streams of milk were 

discarded and about 20 ml of milk were col-

lected in clean sterile capped bottles, each bot-

tle was given a serial number. Whereas, the 

rations samples collected under aseptic condi-

tion. All samples kept in ice box and sent di-

rectly to the laboratory for bacteriological and 

mycological examination as described by 

Koneman et al.(1992). 

 

Control of microbial agents: Using antifungal 

as fluconazol and itraconazole. While, the con-

trol antibacterial as enrofloxacin 

(fluoroquinolones) and curam (amoxycillin & 

claviolinic acid). All the used antimicrobial 

were purchased from Sigma Chemical Compa-

ny (USA) and used as a comparable control. 

 

 

Bacteriological Examination of samples: 

Following the standard microbiological tech-

nique and procedures for the diagnosis of bo-

vine mastitis infection, the bacteriological cul-

ture was formed based on Quinn et al. (2002). 

 

 Milk samples were centrifuged at 3000 rpm 

for 20 minutes and discarded the supernatant 

fluid. Ration samples was inoculated into nutri-

ent broth and incubated over night at 37ºC, 

then a loopfuls from all samples were streaked 

on 7% sheep blood agar plates and checked for 

bacterial growth after 24, 48 and up to 72 

hours to rule out slow growing microorganisms 

such as Corynebacterium species, sample was 

considered negative if there is no growth after 

72 hours. For primary identification, colony 

size, shape color hemolyticcharacteristic, gram 

reactions were considered. These colonies 

were subculture to get pure colonies to nutrient 

agar, MacConkey agar, Edwards’s medium, 

Eothinemethyline blue (EMB) medium and 

mannitol salt agar plates. Characterizations of 

isolated mastitis causing bacteria was done by 

different biochemical tests such as catalase, 

oxidase, coagulase by using Staphylect plus 

reagent, sugar fermentation test, oxidation fer-

mentation test and in dole test.  

 

Mycological examination of samples:The 

collected milk and animals ration samples were 

prepared and examined for isolation of fungi 

according to the technique recommended by 

Refai et al. (2012). In sterile Petri dishes or 

test tubes containing Sabouraud Dextrose Agar 

(SDA) and specimen was scattered over the 

surface of the medium and gently pressed 

down into the agar. The inoculated plates were 

incubated at 25-28 ºC for 3-5 days. The identi-

fication of molds was based on the morphology 

of the colony, the rate of growth and micro-

scopic morphology of the isolates in a direct 

culture mount and micro-slide culture tech-

nique (Koneman et al., 1992 and Refai et al., 

2014a). While, yeast isolates were identified 

according to Kreger van Rij (1984) and Refai 

et al. (2014 b). 

 

https://www.omicsonline.org/open-access/hemolytic-uremic-syndrome-complicating-invasive-streptococcus-pneumoniaeinfections-tunisian-experience-2472-1220-1000129.php?aid=76742
https://www.omicsgroup.org/journals/fermentation-technology.php
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Synthesis and Characterization of selenium 

nanoparticles (Se-NPs): According to 

Chudobova et al. (2014) Se-NPs was prepared 

by dissolving sodium selenite pent hydrate 

Na2SeO35H2O in bi-distled water, and 3-

mercaptopropionic acid was then slowly added 

to the solution under stirring. Afterwards, pH 

was adjusted to eight using 1 M NaOH. The 

reaction mixture was stirred for 2 h. The color 

of the solution changes from colorless to yel-

low after refluxing immediately and become 

orange after 30 minutes. Se-NPs were stored in 

darkness at 4°C. One millilitre of the solution 

contains 158 μg of Se nanoparticles (50–100 

nm in diameter). Chemicals used in this study 

were purchased from Sigma-Aldrich in ACS 

purity unless noted otherwise. The UV-visible 

spectra of each solution were measured in a 

SHIMADZU UV-1800 double beam digital 

spectrophotometer. XRD patterns were ob-

tained on a Philips X'pert MPD X-ray diffrac-

tomer using Cu Kα (1.54059 Å) radiation with 

the X-ray generator operating at 45 kV and 40 

mA. TEM images were obtained on JEOL 

2010 microscopes. The TEM sample was pre-

pared by dropping a sample suspension in etha-

nol on a Cu grid coated with a carbon film. Se-

lenium nanoparticles were prepared by the re-

duction of aqueous sodium seleno-sulphate so-

lution with freshly prepared glucose solution. 

 

Preparation of bacterial and fungal spore 

suspension of isolates (Koneman et al., 1992 

and Gupta and Kohli, 2003): Suspension of 

tested bacterial and fungal isolates cultivated 

on trypticasesoy agar (TSA) for 24h at 37°C 

for bacteria and Sabouraud dextrose agar 

(SDA) for 1-3 days at 25°C for fungi, respec-

tively. The bacterial colony and fungal myce-

lia / spore  mat were washed off with a 6 ml of 

sterile distilled water and using sterile loop, the 

outer most layer of growth were scraped. This 

suspension was counted in haemocytometer 

slide and adjusted to 105/ml colony forming 

unit considering the dilution factor. 

 

Antimicrobial activity of Se-NPs against 

some bacteria and fungi isolates by well dif-

fusion method (Jin et al., 2009): The synthe-

sized Se-NPs was tested for their antimicrobial 

activity by well diffusion method against path-

ogenic organisms like of E.coli, S. aureus, A. 

flavus and C. albicans that recovered from the 

present samples. The used media in this test 

were TSA for bacteria and SDA for fungi 

which poured into plates containing one ml of 

cell suspension of bacterial cell or spores sus-

pension of fungus (105cells/ml), shaken over 

the table in rotary manner and remained till 

solidification. After solidification a hole with 

diameter of 6 to 8 mm is punched aseptically 

with sterile cork borer or a tip of pasture pi-

pette. Using micropipette 50 µl of Se-NPs con-

centrations (100, 200, 300, 400, 500 and 600 

µg/ml) in separate plates for bacteria or fungi 

were added. Whereas, in a separate welled 

plate the traditional antibacterial agent (curam 

& enrofloxacin) and antifungal agent 

(fluconazole &itraconazol) as control were 

poured at the concentrations of (50, 100, 150 

and 200 mg) (each in separate wells). After 

incubation under suitable conditions depending 

upon the tested microorganism (for 24-48 h at 

37o C for bacteria and for 48h –5 days at 28- 

30o C for fungi), the different diameters of 

zone of inhibition were measured. 

 

Scanning Electron Microscopy (SEM) of the 

treated microbial cells (Gong et al., 2007): 

The morphological changes of treated bacterial 

and fungal cells by Se-NPs were observed with 

a scanning electron microscope (SEM). Strains 

were prepared by cutting the agar, fixed for a 

minimum of 3h in 2.5% glutaraldehyde (100 

mM phosphate buffer solution, pH 7.2) and 

then fixed in1% osmium tetra oxide for 1h. 

The agar blocks were dehydrated through a 

graded series of ethanol (30, 50, 60, 70, 80, 90, 

95, and 100%; each level was applied twice for 

15 min each time) and ethanol: isoamyl acetate 

(3:1, 1:1, 1:3, and 100% isoamyl acetate twice 

for 30 min). The agar blocks were dried with a 

critical-point drier using liquid CO2 and coated 

with gold-coater for 5 min. The coated samples 

were observed under JSM-5600LVwith accel-

erating voltage of 10 kV. 
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Results and Discussion  

The occurrence of microorganisms, such as 

bacteria, molds, yeasts and viruses in the living 

environment are often pathogenic and cause 

severe infections in both human beings and 

animals (Reddy et al., 2007). Bovine mastitis, 

the most important deadly disease of dairy ani-

mals is responsible for heavy economic losses 

due to reduced milk yield (up to 70%), milk 

discard after treatment (9%), cost of veterinary 

services (7%) and premature culling (14%)

(Bhikane and Kawitkar, 2000 and Singh et 

al., 2018). Also, Kennedy and Miller (1993) 

and Bhatt et al. (2012) reported that, mastitis 

is a complicated problem associated with al-

most every conceivable factor of management 

and the environment.  

 

The continuing presence of the disease may be 

attributed to deficient management, improper 

milking procedures, faulty milking equipment, 

inadequate housing, and breeding for ever-

increasing milk yield. All of these factors are 

probably involved, although herd investiga-

tions often fail to incriminate specific factors. 

It is important to recognize that mastitis is an 

infectious disease and that all methods of com-

mercial milk production may provide suitable 

conditions for spreading mastitis organisms 

from animal to other (Bachaya et al., 2011). 

 

Etiological agents of disease may vary from 

place to place depending on climate, animal 

species and animal husbandry and include 

wide variety of Gram positive and Gram nega-

tive bacteria and fungi (Deb et al., 2013). 

About 137 microbial species, subspecies and 

serovars are isolated from the bovine mamma-

ry gland (Watts, 1988). Among all the patho-

gens of bovine mastitis, S.aureus is the pre-

dominant organism (Allore, 1993 and Kapur 

et al., 1992).  

 

In the present study, a total of 80 samples (60 

milk and 20 rations) were collected from a pri-

vate dairy farm at Giza governorate, in which, 

the animals suffered from signs of mastitis 

(including enlarged udders, decreased feeds 

utilization and milk production). The total bac-

teria that recovered from mastic milk and ani-

mals' rations were 100%.The prevalence and 

incidence of bacterial infection alone and the 

mixed bacterial and fungal infection in milk 

samples were 25.01 and 73.33 respectively 

(Table, 1&2).Currently, the tabulated results 

illustrated that, S. aureus, E. coli, S. agalactiae 

spp. and S. dysgalactiae which considered the 

main causes of mastitis in bovine were isolated 

in a single form from mastitic buffalo milk on-

ly in a percentage of 10, 5, 1.67 and 1.67 re-

spectively. 

 

Also the Table (3) showed that, S. aureus was 

the predominant bacteria isolated from milk 

and ration samples (46.67%& 35% respective-

ly), eitherin a single form (10%),mixed with 

other bacteria (5%) ormixed with all fungal 

pathogen recovered in the study (31.67%) from 

tested milk samples, and also mixed with all 

fungal in ration samples (35%).In addition Ta-

ble (3) showed that, E. coli, Coagulase–ve 

staphylococci, S. agalactiae and S. dysgalac-

tiaewere isolated in an incidence of (43.33%

&25%), (21.67% &25%),(11.67%&20%) and 

(8.33%&15%) from milk and rations amples 

respectively. These results come in accordance 

with the findings of Kumar et al. (2017) and 

Allore (1993) who said that, the most common 

mastitis pathogens are found either in the udder 

as contagious pathogens or in the animal sur-

roundings such as bedding and manure soil or 

environmental pathogens. The most common 

contagious pathogens were S. aureus and S. 

agalactiae. These spread from infected to clean 

udders during the milking process through con-

taminated milker’s hand and cloth towels used 

to wash or dry udder of more than one animal 

and may be by flies. 

 

These results also agree with the findings of 

Wyder et al. (2011) and El-Jakee et al. (2013) 

who reported that, Staphylococcus, E. coli and 

Streptococcus species are recovered as the 

most common pathogens causes bovine masti-

tis. Also similar results to our findings were 

detected by Kumar et al. (2017) and Emtenan 
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et al. (2018) who said that, among environ-

mental pathogens, the most common bacteria 

are S. uberis, S. dysgalactiae, coliforms such as 

E. coli and Klebsiella. Transmission of the 

pathogens may occur during milking but pri-

marily between milking. 

Table (1). Incidence of single and mixed bacterial pathogens isolated from mastitic milk samples:  

  
Pathogens 

Milk (60) 

No. % 

Single isolated bacterial: 
S. aureus 
E. coli 
S. agalactiae. 
S. dysgalactiae. 

  
6 
3 
1 
1 

  
10.00 
  5.00 
1.67 
1.67 

Mixed bacterial isolates: 
S. aureus +E. coli 
S. aureus +S .agalactiae 
E. coli +S. dysgalactiae+Coagulase–vestaphylococci 

  
2 
1 
1 

  
3.33 
1.67 
1.67 

Total 15 25.01 

N.B:% was calculated according to the total number of examined samples No: Number of positive samples    

Table (2). Incidence of mixed bacterial, fungal Aspergillus and yeast pathogens inexamined samples: 

  
Pathogens 

Milk (60) Ration (20) 

No. % No. % 

Mixed bacterial and fungal isolates 
A.flavus+Coagulase–vestaphylococci 
C. albicans +S. agalactiae+ A. fumigatus 
C. albicans+S. dysgalactiae+A. flavus+A. fumigatus 
C. albicans + E. coli spp+A. flavus+ S. aureus 
A. niger+E. coli+ A. flavus+C. albicans 
A.fumigatus+Coagulase–veStaphylococci+C .albicans 
A. fumigatus+ Coagulase–veStaphylococci+A. flavus 
C.albicans+ S. aureus.+A.niger 
 S. aureus+ S .agalactiae+ A.fumigatus 
E. coli +A. niger+ C.albicans 

  
6 
4 
3 
14 
5 
4 
2 
4 
1 
1 

  
10.00 
6.67 
5.00 
23.33 
8.33 
6.67 
3.33 
6.67 
1.67 
1.67 

  
3 
3 
3 
3 
1 
1 
1 
3 
1 
1 

  
15.00 
15.00 
15.00 
15.00 
5.00 
5.00 
5.00 
15.00 
5.00 
5.00 

Total 44 73.33 20 100 

N.B: % was calculated according to the total number of examined samples  No: Number of positive samples  
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Table (3). Incidence of bacterial pathogens in rations and mastitis milk samples:                                     

Ration(20) Milk(60) Bacterial 
Species % No. % No. 

35 7 46.67 28 S. aureus 

25 5 43.33 26 E. coli 

25 5 21.67 13 Coagulase–ve staphylococci 

20 4 11.67 7 S.agalactiae 

15 3 8.33 5 S.dysgalactiae 

N.B: % was calculated according to the Total examined samples.            No: number of positive sample 

Mycotic mastitis are split into two big groups 

according to the moment of appearance, prima-

ry mycotic mastitis (bacterial preliminary mas-

titis) and secondary mycotic mastitis which 

appear often straight away without antibiotic 

treatment (Akodouch et al., 2014).  In addi-

tion, yeasts are single celled organisms that are 

ubiquitous in the environment and they are 

considered opportunistic pathogens of the 

mammary gland that produce disease when 

natural defense mechanism is lowered 

(Pengova, 2002 and Scaccabarozzi et al., 

2011). 

 

Outbreaks caused by yeast have particularly 

been reported in intensively managed herds in 

which there were failures in environmental hy-

giene or in association with repetitive intra-

mammary treatment (Geraldo Costa et al., 

2012). Treatment with contaminated antibiotic 

solution as well as syringes, other materials 

brought in contact with the mammary gland 

may favor yeast colonization of cow’s udder 

(Zaragoza et al., 2011). In the present study, 

the same samples of mastitic milk and rations 

which investigated for bacteriological exami-

nation were subjected also for the fungal exam-

ination (Table, 2&4).  

Table (4). Incidence of fungal Aspergillus and yeast pathogens in examined mastitic milk and rations       

samples: 

Ration(20) Milk(60)   
Fungalspecies % No % No 

55.00 11 50.00 30 A.flavus 

45.00 9 23.33 14 A.fumigatus 

25.00 5 16.67 10 A.niger 

75.00 15 58.33 35 C.albicans 

%: Was calculated according to the total number of examined sample.                No: number of positive sample 

The results were recorded in Tables 2 and 

4whichillustrated that, the total fungi that re-

covered from mastic milk and animals' rations 

were 73.33 % and 100%, respectively. The 

most common isolates were A. flavus which 

isolated from 50% and 55%, followed by C. 

albicans from 58.3 % and 75% and A. ni-

ger16.67 % and 25%, while, the A. fumigatus 

were recovered from 23.33% and 45% of mas-

titis milk and rations of diseased animal re-

spectively. Similar results to our findings were 

detected by several studies, where, yeasts as C. 

albicans were recovered from clinically affect-

ed buffaloes with mastitis in Egypt (Farid et 

al., 1975 and Abdel-Halim et al., 1990). 

While, Mosherf (2005) resulted that, various 

Candida species particularly C. albicans were 

the most common yeasts recovered from milk 

of clinically and subclinically mastitis milk. 

Also there are similarity between our result and 

the result of AL-Ameed (2013) in Iraq who 

registered 80 % positive fungal infection of 
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which 78.75% were yeast and 21.25 % were 

moulds. Our results are concordant with the 

result of Pachauri et al. (2013) who found, 64 

samples were positive for fungal isolation, out 

of 100 samples. They recorded the most com-

mon isolates were C.albicans, A. fumigatus and 

A. niger. Whereas, Hassan et al. (2010) isolat-

ed A. flavus from animal feeds, mastitis milk 

and vaginal swabs at the rates of 80%, 50 % 

and 50% respectively.In addition several stud-

ies recovered that Staphylococcus species, 

Streptococcus species, E. coli species, C. albi-

cans, Aspergillus spp. and Penicillium spp. is 

the dominant microbial isolates in case of mas-

titis (Yuan et al., 2012; Hassan et al., 2015 

and Kumar et al., 2017). 

 

Various studies reported that the selenium ele-

ment is an essential trace element for animals 

and humans with a variety of biological func-

tions (Surai, 2006). It plays an important role 

in the regulation of thyroid hormone metabo-

lism, cell growth, antioxidant defense systems 

and functions as a redox centre. For instance, 

the family of selenium-dependent glutathione 

peroxides could reduce hydrogen peroxide, 

lipid and phospholipid hydroperoxides to 

harmless products (Rayman, 2005 and Pappas 

and Zoidis, 2012). Due to the advantages of 

size effect and high surface reactivity, nanopar-

ticles have been already used in pharmaceuti-

cal applications to increase the bioavailability 

of drugs and targeting therapeutic agents to 

particular organs (Davda and Labhasetwar, 

2002). 

 

Recently, nano-elemental selenium has attract-

ed wide spread attention due to its high bioa-

vailability and relatively low toxicity. The na-

nometer particles exhibit novel characteristics, 

such as great specific surface area, high surface 

activity and lot of surface active centers, high 

catalytic efficiency, and the character of low 

toxicity of elemental selenium (Zhang and 

Spallholz, 2011). In the present work, the syn-

thesis by chemical method of Se-NPs was un-

dertaken and characterized for their optical and 

nano structural properties by Scanning Elec-

tron Microscope and FT-IR spectra (Fourier 

Transform Infrared Spectrometer). The parti-

cles morphology of Se-NPs were spherical and 

granular in shape and they were well crystal-

lized in the nano size of 60 nanometer scale as 

observed by scanning electron micrograph 

(SEM) (Fig.1).Whereas, the UV-Vis absorp-

tion spectrum of Se-NPs sample in the range 

200–550 nm. It was reported that, the charac-

terized absorption peak with absorbance inten-

sity very close to a wave length of 400 nm 

(Fig, 2). 

 

 

Fig. (2): The UV-VIS absorbance spectra of Se-NPS 

(60nm) at 400nmwave length 

Fig. (1): SEM picture of Se–NPs showed the size and 

morphology (60 nm).  

http://scialert.net/fulltext/?doi=ajava.2014.641.652#46124_bc
http://scialert.net/fulltext/?doi=ajava.2014.641.652#46124_bc
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Similarly, Atul et al. (2010) synthesized Se-

NPs by chemical method used glucose from an 

aqueous sodium selenosulphate precursor. 

They evaluated and characterized of produced 

Se-NPs by UV-visible optical absorption spec-

troscopy, X-ray diffraction and transmission 

electron microscopy techniques. The particle 

size of produced Se-NPs by this method was 

ranged from (20-80 nm). Recently, Jas and 

Shafkat (2018) biosynthesized of Se-NPs us-

ing plant extract from Allium Sativum and so-

dium selenite solution. Also, the prepared Se-

NPs were characterized by using UV-Visible 

(UV-VIS) spectrophotometer, Transmission 

electron microscopy (TEM), Fourier transform 

spectroscopy (FTIR) and Energy dispersive X-

Ray spectroscopy (EDAX). The selenium na-

noparticles were observed as hollow and spher-

ical particles in size of (60 nm) which are 

found more stable than two months.  

 

Over the past decades, the bacterium of S. au-

reus was represent the major causative organ-

ism of mastitis, its emergence as multi drug 

resistant has become a deep concern for dairy 

industry worldwide. Because of the propensity 

of the organisms to acquire antimicrobial re-

sistance, whereas most infection can be treated 

or prophylactic with antibiotic, antimicrobial 

resistance of S. aureus especially methicillin 

resistant S. aureus (MRSA) continues to be a 

problem for clinicians worldwide (Shittu and 

Lin, 2006). Several reports had been published 

about the presence of multidrug resistant 

(MDR) S. aureus in subclinical mastitis which 

was also highly virulent that could be a major 

obstacle in the treatment of mastitis in China 

(Memon et al., 2013). MDR may be found in 

S. aureus and CNS isolates from mastitic milk 

(Kumar et al., 2010). 

 

Nanotechnology hold promise advances for 

medication and nutrition because materials at 

the nanometer dimension exhibit novel proper-

ties different from those of both the isolated 

atom and bulk material (Albrech et al., 2006). 

Nano elemental selenium was studied in male 

mice, and at 20 to 60 nm, the bioavailability of 

Nano-Se was shown to be similar in increasing 

the activities of GSH-Px and thioredoxin re-

ductase, although Nano-Se had a much lower 

toxicity compared with seleno-methionine 

(Wang et al., 2007). 

 

The progressive increase in microbial infec-

tions that are resistant to conventional antibiot-

ics has been observed, especially, the frequen-

cy of infections occurred by opportunistic bac-

terial and fungal strains has increased dramati-

cally (Milnes et al., 2008 andNabawy et al., 

2014). Furthermore, the outbreaks of food 

borne pathogens continue to draw public atten-

tion to food safety. So, there is a need to devel-

op new antimicrobials to ensure food safety 

and extend shelf life. The use of antimicrobial 

agents directly added to foods or through anti-

microbial packaging is one effective approach 

(Wilczynski, 2000). 

 

As other nanoparticles, selenium nanoparticles 

would have some unique mechanical, optical, 

electrical, biologic and chemical properties as 

compared with bulk materials. It has been re-

ported that, the redness selenium nanoparticles 

has high biological activities and low toxicity 

(Gao et al., 2000) and nano wires of trigonal 

selenium have novel photoconductivity (Gates 

et al., 2002).  Recently, Eleonora et al. (2016) 

detected Se-NPs were active at low minimum 

inhibitory concentrations against a number of 

clinical isolates of P. aeruginosa but did not 

inhibit clinical isolates of the yeast species C. 

albicans and C. parapsilosis. They added that 

the biogenic Se-NPs appear to be reliable can-

didates for safe medical applications, alone or 

in association with traditional antibiotics, to 

inhibit the growth of clinical isolates of 

P. aeruginosa or to facilitate the penetration of 

P. aeruginosa and Candida spp. biofilms by 

antimicrobial agents.  

 

Whereas, prolonged and intensive antibiotic 

therapy is an important predisposing factor in 

farm animals especially in Aspergillosis 

(Krukowaski et al., 2006). The multiplication 

of fungi during antibiotic therapy is stimulated 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Cremonini%20E%5BAuthor%5D&cauthor=true&cauthor_uid=27319803


85 

Animal Health  Research Journal Vol. 7, No. 1,  March 2019                                                         Hassan et al. 

by the elimination of antagonistic bacterial flo-

ra decreased amounts of vitamin A in the glan-

dular tissue, epithelium and irritating factors of 

antibiotic (Wladyslaw et al., 2010). Several 

studies evaluated the antimicrobial activity of 

nanoparticles of metals  against bacteria and 

fungi in culture media. Metal oxides nanoparti-

cles are characterized by very high surface area 

to volume particularly ZnO-NPs which is of the 

least hazards to the environment (Hassan et al., 

2015 and Nabawy, 2015). 

 

In the present work, the prepared S e - NPs were 

evaluated for its antimicrobial activities against 

the most predominantly isolated bacteria (E. 

coli and S. aureus) and fungi (A. flavus and C. 

albicans) from mastitic buffalo’s milk and their 

ration. Currently, the antibacterial activity of 

Se-NPs against E.coli and S.aureus and 

the minimum inhibitory concentration (MIC) 

was measured using well diffusion test. The 

inhibitory zone of Se-NPs against E. coli was 

25mm at the concentration of 100µg/ml. How-

ever, the diameter zone of inhibition for E. coli 

was 27mmat the concentration of 200 µg/ml 

which reached to 40 mm when the used 

concentration of Se-NPs increased to 

600 µg/ml (Table, 5&Fig.5). Similarly, in 

case of S. aureus as the concentration of Se

-NPs increased, the inhibitory zone was 

also increased. Where, the inhibitory 

zone was 17mm at the concentration of 

100µg /ml of Se-NPs and the diameter of in-

hibitory zone reached to 31 mm at the concen-

tration of 600 µg/ml (Table, 5&Fig.3). 

 

On the other hand, the control standard tradi-

tional antibiotic had comparatively higher ef-

fects. Where, the inhibitory zone of Curam an-

tibiotic against S. aureus was increased from 

52-60 mm as the concentration of curam anti-

biotic was increased from 250 mg/ ml to 1000 

mg/ ml (Table, 5&Fig.4a), similar findings 

were yielded in case of use of curam against E. 

coli. As the concentration of antibiotic in-

creased from 250 mg/ml to 1000 mg/ml, the 

diameters of inhibition zone was increased 

from 43 mm to 51 mm (Table, 5&Fig.6a). Cur-

rently, other traditional antibiotic enorofloxa-

cin, yielded similar results as curamand rela-

tively higher potential than Se-NPs(Table, 

5&Fig.4b, 6b). Therefore, our results indicated 

that, the chemical traditional antibacterial 

showed higher efficiency than Se-NPs. Where-

as, the chemical drugs caused many serious 

adverse effects which avoided by use of natural 

antibacterial as Se-NPs , Ag-NPS , Fe-NPS and  

Zn-NPs by their addition to animal feeds 

(Hassan et al., 2019). 

 

Several studies evaluated the antimicrobial ac-

tivities of nanoparticles of metal oxide which 

characterized by very high surface area to vol-

ume particularly ZnO powder sagainst S. aure-

us, E. colior fungi in culture media. ZnO is 1 of 

5 zinc compounds that are currently listed as 

generally recognized as safe (GRAS) by the 

United state food and drug administration 

(USFDA)(Lopes de Romana, 2002). While 

Khiralla and El- Deeb (2015), detected the 

antimicrobial potential of Se-NPs on some 

food born pathogens as B. cereus, E. faecalis, 

S. aureus , E. coli, and S. Typhimurium and S. 

Enteritidis. The MIC90 (25 μg/ml) showed an-

timicrobial effects against the mentioned 6 

bacteria. While, when the concentration of Se-

NPs reached (75 μg /ml), acomplete inhibition 

of bacterial cells growth occurred. Recently, 

Jay and Shafkat (2018) synthesized Se-NPs 

by Allium sativum extract and evaluated anti-

microbial activity by well diffusion method 

against pathogenic bacteria of S. aureus and B. 

subtilis. They found that, the MIC of Se-NPs 

(25 μl) and  the highest antimicrobial activity 

against S. aureus (32mm) and B. subtilis 

(28mm) at concentration of 100μl  Se-NPs. On 

therwise, as the concentration of Se-NPs in-

creased, the inhibitory zones were also in-

creased.  
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Table (5). Antibacterial activity of Se-NPs by well diffusion method (Zone of inhibition of mm) in compar-

ison with traditional antibiotics: 

Zones of bacterial growth inhibition(mm) 
at gradual concentrations of : 

  
Tested 

Bacterial 
Pathogen 
(105/ml) 

Control antibiotic 

(Enorfloxacin)(mg/ml) 

Controlantibiotic 
(Curam)(mg/ml) 

Se-NPs 
(μg/ml) 

1000 750 500 250 1000 750 500 250 600 500 400 300 200 100 

46 43 39 37 60 57 53 52 31 22 21 20 18 17 S. aureus 

45 44 40 38 51 47 46 43 40 32 31 28 27 25 E.coli 

  

 

  

  

 

(a) 

  

(b) 

Fig. (3): Antibacterial activity of Se-NPs by well diffu-

sion method. Zone of inhibition shows in plates 

of S. aureus. 

Fig. (4): Antibacterial activity of curam (a) and enorflox-

acin (b) by well diffusion method. Zone of inhi-

bition shows inplates of S. aureus 

  

 

  

  

(a) 

  

(b) 

Fig. (5): Antifungal activity of Se-NPs by well diffusion 

method.  Zone of inhibition shows in plates ofE. 

coli 

Fig. (6): Antibacterial activities of (a) curam and enor-

floxacin (b) by well diffusion method. Zone of 

inhibition shows inplates ofE. coli 
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Regarding, the antifungal potential of Se-NPs 

against A.flavus and C.albican , the mini-

mum inhibitory concentration (MIC) was 

measured using well diffusion test. The inhib-

itory zone of Se-NPs against A. flavus was 

increased from zero mm to 30 mm as the con-

centration of Se-NPds increased from 

100µg/ ml to 600 µg/ ml. However, the diam-

eter zone of inhibition for C. albican was 

increased from 10 mm to 40 mm as the con-

centration of Se-NP was increased from 100 

µg/ ml to 600 µg/ ml (Table, 6&Fig.7, 9). On 

the other hand, the control standard traditional 

antifungal had comparatively similar effects 

to Se-NPs. Where, the inhibitory zone of 

fluoconazol against A. flavus and C. albi-

cans were increased from 30 mm to 55 mm 

as the concentration of fluconazole increased 

from 50 mg/ ml to 200 mg/ ml (Table, 

6&Fig.8a, 10a). 

 

Currently, nearly similar findings were yield-

ed in case of use antifungal itraconazole 

against both A. flavus and C.albicans . As 

the concentration of antibiotic increased from 

50 mg/ ml to 200 mg/ ml, the diameters of 

inhibition zone was increased from 20 mm to 

35 mm (Table, 6&Fig. 8b, 10b). Further more, 

different studies conducted in different labora-

tories showed that, the antimicrobial activity is 

influenced by not only nanoparticles concen-

tration but also the size of the metal nanopar-

ticles (Violeta et al., 2011). 

Table (6). Antifungal activity of Se-NPs by well diffusion method (Zone of inhibition of mm) in compari-

son with traditional antibiotics: 

Zones of fungal  growth inhibition(mm) 
at gradual concentrations of: 

  
Tested 
fungal 

Pathogen 
(105/ml) 

Control  antifungal

(Itraconazol)(mg/ml) 

Controlantifungal 
(Fluconazol)(mg/ml) 

Se-NPs 
(μg/ml)) 

200 150 100 50 200 150 100 50 600 500 400 300 200 100 

35 30 25 20 55 40 35 30 30 30 27 25 20 00 A.flavus 

30 30 25 25 55 45 40 30 40 37 35 30 20 10 C.albicans 

  

 

  

  

 

(a) 

  

 

(b) 

Fig. (7): Antifungal activity of Se-NPs by well diffu-

sion method. Zone of inhibition shows in 

plates of C. albicans. 

Fig. (8): Antifungal activity of fluconazole (a) and itracona-

zole (b) by well diffusion method. Zone of inhibi-

tion shows in plates of C.albicans 
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(a) 

  

 

(b) 

Fig. (9): Antifungal activity of Se-NPs by well diffu-

sion method.  Zone of inhibition shows in 

plates ofA. flavus 

Fig. (10): Antifungal activity of fluconazole (a) and itra-

conazole (b) by well diffusion method. Zone of 

inhibition shows in plates of A. flavus 

Furthermore, different studies conducted in 

different laboratories showed that, the antimi-

crobial activity is influenced by not only na-

noparticles concentration but also by the size 

of the nanoparticles (Violeta et al., 2011).  

Several studies propose that selenium may 

attach to the surface of the cell membrane dis-

turbing permeability and respiratory function 

of the cell. It is also possible that selenium 

nanoparticles not only interact with the sur-

face of membrane but can also penetrate in-

side the bacteria (jay and Shafkat, 2018). 

While, Moraru et al. (2003) reported that, the 

antimicrobial effect of metal nanoparticles 

occurs by 2 ways. The first is the formation of 

H2O 2 on the surface of NPs due to the possi-

ble formation of hydrogen bond between hy-

droxyl group of cellulose molecules of fungi 

with oxygen atom of NPs leading to inhibition 

of the microbial growth, while the second is 

the release of metal ions + that causes damag-

es of cell membrane and interacts with intra-

ocular contents.  

In the present work, when the treated bacteria 

or fungi by Se-NP were subjected to SEM, the 

damage and rupture of their cell wall were de-

tected. The normal cell of bacteria, yeast or 

mold has aspherical shape and smooth cell 

wall and intact cell membrane. The effect of 

high concentration of Se-NPs on the treated 

bacteria or fungi at was observed as membrane 

damage of cells and some pits that have been 

caused in intercellular components, leading to 

leakage and finally cell death (Fig. 11:14). 

  

 

(a) 

  

(b) 

  

(a) 

  

(b) 

Fig. (11): SEM of E.coli before (a) and after (b) treat-

ment by Se-NPs.(X3000) 

Fig. (12): SEM of  S. aureus befor and after treatment 

by Se-NPs.(X3000) 
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(a) 

(b) (a) 

 

               (b) 

Fig. (13): SEM ofA. flavus before (a) and after (b) treatment 

by Se-NPs(X3000). 

Fig. (14): SEM of C.albicans  before (a) and after (b)

treatment by Se-NPs. (X3000) 

Similarly, several natural and engineered nano-

materials have demonstrated strong antimicro-

bial properties through diverse mechanisms 

including photocatalytic production of reactive 

oxygen species that damage cell components 

and viruses, compromising the cell envelope 

(e.g. peptides, chitosan carboxy fullerene, car-

bon nanotubes, ZnO and interruption of energy 

transduction (Matei et al., 2010 and Violeta et 

al., 2011). In addition, selenium is an essential 

trace element that has a large number of bio-

logical functions in human and poultry organ-

isms. The most important and known action is 

its antioxidant effect because it forms seleno-

cysteine, part of the active center of glutathi-

one peroxidase (GSH-Px; (Navarro-Alarcón 

and López-Martínez, 2000). In chicken 

health, Zhouand Wang (2011) concluded that, 

Nano-Se supplementation of chicken diets with 

0.30 mg/kg was effective in increasing the 

growth performance of chicken and improving 

the selenium content in tissues and the quality 

of meat. Furthermore, dietary supplementation 

of Nano-Se was effective in enhancing the se-

rum and hepatic GSH-Px activities of chicken. 

 

Conclusions: The present study was undertak-

en to evaluated cases of mastitis in buffaloes 

by microbiological examination of milk and 

rations. Whereas, chemical synthesis and char-

acterization of Se-NPs were carried out and the 

particles observed as hollow and spherical par-

ticles in size of 60 nm which is found more 

stable more than two months. On the other 

hand, the most predominant isolates recovered 

from mastitis milk and feed were subjected for 

evaluation the antimicrobial efficacy of Se-NPs 

in comparison of traditional chemical antimi-

crobial. It is reported that Se-NPs may attach to 

the surface of the cell membrane disturbing 

permeability and respiratory function of the 

cell, interact with the surface of membrane and 

penetrate inside the bacteria or fungi. Hence, 

nano-selenium can be the alternative to the an-

tibiotics and help to overcome the antibiotic 

resistance. Further studies are required for in-

vestigating the effect of combination of antioxi-

dant Se -NPs with other chemical traditional 

drugs to obtain dual synergistic actions to de-

crease the amount of used chemicals and nano-

particles in the feeds manufacture. Advanced 

field application of the present findings in di-

rect treatment of diseased animal and as food 

additive should be of interest in near future for 

improvement the animal and human health. 
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