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A B S T R A C T   

            Salmonellae are commonly found in the environment and there are many instances throughout the grow-out phase in which birds can come into contact 

with Salmonella and other pathogens. Laboratory trial and other two separate field trials were conducted to evaluate the efficacy of various disinfectants on the 

isolated Salmonella entriditis when applied to poultry house floors, as well as an innovative trial also, carried out to evaluate the efficacy of same disinfectants 

when they contained Ag nanoparticles. The results revealed that (1) The following disinfectants without Ag nanoparticles: white wash, phenuique, formalin, 

iodophors and Envirolyte-Anolyte (1/1000) for disinfection of floor plots significantly impacted Salmonella populations (P < 0.05) (2 ;3 ; 3 ; 3 ; 5 log10 

reduction, respectively) but unfortunately, failed to kill all the populations. While, Envirolyte-Anolyte (1/500) significantly reduced the population of S. 

entenidis with a complete reduction of the population. (2) White wash and iodophores containing Ag nanoparticles showed highly significant (P<0.05) reduction 

of Salmonella populations in floor after disinfection process (5; 4 log10 reduction, respectively). Interestingly, Salmonella populations completely destroyed 

when exposed to phenuique and formalin containing Ag nanoparticles in field trial. This may be due to the ubiquitous nature of Ag nanoparticles, which are able 

to enhance the disinfectant power. 
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INTRODUCTION 

 

 Salmonella is an infectious agent involved in millions of cases of human disease all over the world (Vestby et al., 2010). 

Contaminated feed and feed ingredients with Salmonella is a well-known problem and several authorities, as well as the feed 

industry, are using large resources in the fight against Salmonella (Veldman et al. 1995; Davies and Wray 1997; Lunestad et 

al., 2007; Anon. 2008; Vestby et al., 2010). 

 Zoonotic potential of same microbial agents like Salmonella spp. or E. coli present a special epidemiological problem in 

poultry breeding (Pavlović et al. 1988; Ilić et al., 1989). Those agents pose a permanent risk for human health, mostly to 

people who work with poultry or to the consumers who eat contaminated poultry meat or eggs (Anderton, 1989; Mayhall, 

1996). Salmonella Enteritidis is one of the primary serovars involved in human salmonellosis (Anonymous, 2008). 

 A high population of pathogenic bacteria in the poultry house contributes to a decline in wellness of the flock and 

increased levels of pathogens recoverable on carcasses entering the processing plant. The spread of pathogens to processing 

equipment can therefore increase the chances of a contaminated product entering the consumer market (Payne et al., 2005). 

 Salmonella are commonly found in the environment (Murray, 1991) and there are many instances throughout the grow-

out phase in which birds can come into contact with Salmonella and other pathogens (Reiber et al., 1990) These pathogens are 

able to survive for extended periods of time in the environment and can be commonly found in the litter on which the birds 

live. Large amounts of feces that are deposited in the litter can lead to increases in pathogen populations in the bird’s 

environment. 
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To eradicate this infectious agent it is necessary to disinfect poultry houses properly before and after chicken arrival and during 

the production period, especially if health problems occur (Vukičević, 1989 and Böhm, 1997). 

 Disinfectant efficacy is often tested against laboratory bacterial suspensions (Parkinson, 1981; Bloomfield et al., 1991). 

However, this approach may not always prove to simulate commercial production conditions, thus, making it difficult to 

determine the true effectiveness of the disinfectant. Disinfectants that are effective against bacterial suspensions may have a 

reduced effect against bacteria that adhere to surfaces (Mosteller and Bishop, 1993). Moreover, the increase in incidence of 

antimicrobial resistance among pathogenic bacteria has made the search for new antimicrobials inevitable. 

 In the current situation, one of the most promising and novel agents are the nanoparticles (Rai and Bai, 2011) and the 

unique physiochemical properties of electrochemical stimulated water has led to the upsurge in the research on novel 

disinfectants.  

 Therefore, this study was carried out as a field trial to test a novel strategy and identify new disinfectant agents to control 

microbial infections in poultry production. 

   

MATERIALS AND METHODS 

 

 In the period 2010-2012 we performed examination at 20 broiler poultry farms. The isolation of Salmonella spp. from 

poultry houses was done by taking swabs from various parts of poultry houses (floor and litter).  

 Laboratory trial and other two separate field trials were conducted to evaluate the efficacy of various disinfectants on the 

isolated Salmonella entriditis when applied to poultry house floors, as well as an innovative trial also, carried out to evaluate 

the efficacy of same disinfectants when they contained Ag nanoparticles (AgNps). 

 

Prevalence of Salmonella 

 Prevalence of Salmonella was determined in accordance with the Payne et al., (2005) and ISO 6579 (2002) (Microbiology 

of foods and animal feeding stuff-horizontal method for detection of Salmonella spp.) with the addition of the drag swab 

(floors and litter) as a medium for sample collection. Briefly, BPD samples were incubated at 37°C for 24 h, and then 0.5 mL 

was transferred into10 mL of tetrathionate broth and 0.1 mL was transferred into 10 mL of Rappaport Vassiliadisbroth 

followed by 24-h incubation at 42°C. Both broths were then streaked onto xylose lysine tergitol 4 (XLT4), brilliant green sulfa, 

and modified lysine iron agar   plates and incubated at 37°C for 24 h. Suspect colonies were inoculated onto triple sugar iron 

agar and lysine iron agar slants and incubated at 37°C for 24 h. Salmonella confirmation was performed with polyvalent O 

antiserum Negative controls were used for all plating procedures to ensure that the media had been properly sterilized 

 Diagnostic poly and monovalent Salmonella "0" and "H" antisera for serological identification of Salmonella. (Mast 

Salmonella diagnostic antisera). Serological identification of Salmonella isolates was carried out according to Popoff, (2001).  

 

Evaluation of the Efficacy of the Disinfectants 

Disinfectants  

White wash 

 Prepared through using slaked lime Ca (OH) 2 (prepared by mixing quick lime with water) diluted 20% suspension using 

water  Formalin (40% formaldehyde gas in water).A product of Pharmaceutical Chemical Company, Egypt. The preparation 

was used to provide formaldehyde concentration of 4%. 

 

Iodine anti germ (Iodophor) 

 Iodophor preparation containing 12% iodophor concentrate and detergent carrier (A product of Kemate Egypt). The 

preparation was used in a concentration of 1 % in water.  

 

Phenuique 

 An emulsified coal tar disinfectant.  Product from (Morgan Company). The preparation was used in a concentration of 3% 

in water.  

 

Ag nanoparticles 

 Silver oxide-nanoparticles - (AgNs) stock solution was prepared by adding 0.5 and 1 mg of 15 nanometer diameter 

AgNPs powder (IBU-tec / Nanotechnology, 15 nm in diameter)  

 

Envirolyte-Anolyte (Env)  

 Envirolyte-Anolyte (1\500) [pH 2.5-3.5, ORP>1150mV, Cactive ~500mg/l]. It contains various mixed oxidants 

predominantly hypochlorous acid and sodium hypochlorite (HClO, ClO2, HClO3, HClO4, H2O2, O2, ClO
-
, ClO2

-
, ClO3

-
, O

-
, 

HO2
-
, OH

- 
- working substances, pH from 2.0 to 8.5, 1\500 = 2 mg /L active chlorine, 1\1000 = 1mg /L active chlorine). 
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Sampling procedure 

 Stock culture of the isolated Salmonella entriditis was used for the disinfection assays. Bacteria were harvested by 

centrifugation at 1,900 x gravity for 10 min and were washed twice with 10 mL of sterile distilled water (DW); the final pellet 

was then resuspended in 5 mL of sterile DW. A 1–2-mL quantity of this stock solution was added to 5 mL of sterile DW to 

attain a final working solution of 1–2 x 10
7
 colony-forming units/mL. The starting concentrations of bacteria were the same as 

the concentration in the working solution, which served as the control. 

 

Field trials 

 Experimental test units were 1-ft
2
 floor plots randomly blocked with a 1-ft

2
 space between each experimental plot. Two 

treatments were carried out to evaluate the efficacy of the disinfectants without and when they contained Ag nanoparticles. 

Each disinfectant was prepared according to the manufacturers’ recommendations using distilled water and tested twice as a 

disinfectant only and containing Ag nanoparticle 10% (v\v).  Each disinfectant was applied to 10 plots as a coarse spray at a 

low application rate of 125 mL/plot. The rate was chosen due to its ability to create a good surface coverage. Ten untreated 

plots, receiving no disinfectant, served as the negative control. 

 

Statistical analysis 

 Statistical analysis of the data was performed using the Statistical Analysis System version 9.2 (SAS Institute, Cary, North 

Carolina). A paired t-test was implemented, and differences between means were considered to be significant at P-values less 

than 0.05. 

 

RESULTS AND DISCUSSION 

 

 With pathogen reduction becoming increasingly important to both consumers and integrators, it is very crucial to examine 

the various strategies to reduce these pathogens on the final processed carcass. Should a sanitation program be an effective 

method for reducing food-related pathogens at the grow-out level, then proper implementation of disinfectant use could be 

important for reducing carcass contamination. If pathogens can be reduced in the bird’s environment, contamination on the 

exterior of the bird should be reduced, followed by a reduction in pathogenic bacterial populations at the processing plant and 

on the finished product (Payne et al., 2005). 

 

Prevalence of Salmonellae 

 The obtained results showed that 4 Salmonella species were isolated from 20 broiler poultry houses. Prevalence of 

Salmonella spp. was 60 % in open broiler houses whether raised Cobb, Ross or Sasso breeds .But it was 40 % in closed broiler 

houses (Sasso).  

 The most prevalent Salmonella serovars in broilers were S. entenidis (25%) S.typhimuiurium (15 %), S., S.infantis (5%) 

and S. kenlucky (5%). Salmonellae had been isolated from poultry litter by many authers (Humphrey and Lanning, 1988; 

Poppe et al., 1991; Pieskus et al., 2008; Dhanarani et al., 2009; Andreatti-Filho et al., 2009). 

 In Egypt, Salmonellae were isolated from 5.3% of litter samples collected from Kafr El-Sheikh province, the only 

identified one of the collected samples was S. enteritidis (Mohammed et al., 1999). Trawinska et al. (2008) isolated S. 

typhimurium from geese, broiler chickens and reproductive laying hens, S. enteriditis proved the most commonly reported 

serovar in poultry isolated by Trawinska et al., (2008). 

 

Effect of disinfection programs on Salmonellae of infected poultry house (after the disinfection process). 

 The obtained data in Table 1, revealed that 35 % of visited broiler houses used phenuique, formalin and iodophors 

program and 35 % of farms also, used formalin and iodophors program for disinfection of poultry houses.  While 30 % of these 

farms used white wash and spraying formalin. 

 
Table 1. Prevalence of Salmonellae of the examined poultry farms 

Disinfectants Number of farms No. of +ve S.entriditis and percentage (%) Log10 after disinfection Log10 before disinfection 

Phenique, Formalin, 

and Iodophors (G1) 

7 2(28.57)1 1.5*3 2*7 

Whitewash and 

Formalin (G2) 

6 2(33.33)2 2*2.5 1.5*7 

Formalin and Iodophor (G2) 7 1(14.28)3 1.4*2 2*7 

Total 20 5(76.18)   

1: Two isolates S.entriditis and one isolate typhimuiurium 

2: Two isolates S.entriditis and one isolate typhimuiurium and one isolate S.infantis 

3: One isolate S.entriditis ,one isolate typhimuiurium and one isolate S. kenlucky 
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 For all the three disinfectant program effects (phenuique, formalin and iodophors; formalin and Iodophors; white wash 

and formalin), significantly impacted Salmonella populations (P < 0.05) (4.5; 5; 2.8   log10 reduction, respectively) but 

unfortunately, failed to kill all the populations, 

 In one hand, the obtained data in Table 2 , revealed that the following disinfectants without Ag nanoparticles: white wash, 

phenuique, formalin, iodophors and anolyte (1/1000) for disinfection of floor plots significantly impacted Salmonella 

populations (P < 0.05) (2; 3; 3; 3; 5 log10 reduction, respectively) but unfortunately, failed to kill all the populations. While, 

Env (1/500) significantly reduced the population of S. entenidis with a complete reduction of the population. Layton, (2006) 

that Clorox spray was most effective of all the disinfectants in eliminating Salmonella as measured by zone of inhibition after 

being incubated for 24 and 48 hours. After the exposure to the chlorine solution, the count of S. entenidis was reduced by 0.92 

to 2.35 log cycles (Al-Mohizea, 1995).  

 
Table 2. Effect of disinfection programs on Salmonellae of infected poultry house (after the disinfection process) 

Disinfectants T.C.C.( Log10) of floor after disinfection 

 Without a Plus Nanopart.b 

Whitewash 1.5 x 5 1 x 2* 
Phenique 5.6 x 4 0** 

Formalin 1.4 x 4 0** 

Iodophors 2 x 4 1.4 x 3* 
Envirolyte-Anolyte(1/500)† 0 ---- 

Envirolyte-Anolyte 1.5 x 2 ---- 

125 mL/ft2 application rate per plot (surface coverage). N2 =10 plots per disinfectant. (Common usage level of500 gal/16,000 ft2). Control 3 

x 105, 1: 1.5x107; 2: 2.5 x107:3: 1.4 x 108 

Each disinfectant was prepared according to the manufacturers’ recommendations using distilled water and tested twice as a disinfectant only 

and containing Ag nanoparticle 10% (v\v).  It contains various mixed oxidants predominantly hypochlorous acid and sodium hypochlorite 

(HClO, ClO2, HClO3, HClO4, H2O2, O2, ClO-, ClO2
-, ClO3

-, O-, HO2
-, OH- - working substances pH from 2.0 to 8.5, †:2mg /L active 

chlorine, ‡:1mg /L active chlorine. *:(P < 0.05), **:(P < 0.01) 

 

 Although the present study did not examine the exact mechanism of action, we believe that the bactericidal effect of 

Envirolyte-Anolyte against bacteria was due to the combined action of hydrogen ion concentration, oxidation-reduction 

potential and dissolved chlorine. Envirolyte-Anolyte is a strong acid, but it is different to hydrochloric acid or sulphuric acid. 

These acids have a strong degree of ionization, and when oxidation occurs, H
+
 is used and new H

+
 is generated (Iwasawa et al., 

1993). In case of Env, no new H
+
 is generated because it is produced by electrolyses only of the saline solution. On controlling 

food borne pathogens, aqueous chlorine dioxide (ClO2) was most effective in reducing Listeria monocytogenes, Pseudomonas 

aeruginosa and Salmonella typhimurium at concentration of 15 ppm (Wu and Kim, 2007). Indeed, some chemical byproducts 

formed when chlorine is used for reducing microorganisms in food processing are considered as mutagenic or carcinogenic 

(Richardson et al., 1998). Researchers have focused on chlorine dioxide (ClO2) as an alternative sanitizer since it has 2.5 times 

the oxidation capacity of chlorine and is less reactive to organic compounds (Benarde et al., 1967; Richardson et al., 1998; 

Beuchat et al., 2004; Han et al., 2004; Lee et al., 2004; Sy et al., 2005). 

 Formalin is widely use  at 5% strength as a general disinfectant, but it needs contact time to be effective (Williams ,1980) 

but, best reduction in total bacterial count could be obtained with 10%  formalin solution followed by creolin 3% while lower 

efficiency was recorded with iodophors ( Mohamed ,1990). Huber, (1977); Williams (1980); Ka-oud (1986); Sainsbury (2000) 

and Mandel et al, (2005) recommended using the following disinfectants, formalin, iodophors, and phenique for disinfection of 

poultry houses and the most common disinfectant is formalin, due to it is cheap and available in market. 

 Disinfection does not always guarantee elimination of the problem-causing bacteria and high level of disinfection is 

required to prevent contamination of the next flock. In addition, sublethal concentrations of disinfectant may even cause 

organisms to enter a viable but non culturable state or develop antimicrobial resistance. 

 On the other hand, white wash and iodophores containing Ag nanoparticles showed highly significant (P < 0.05) reduction 

of Salmonella populations in floor after disinfection process (5; 4 log10 reduction, respectively). Interestingly, Salmonella 

populations completely destroyed when exposed to phenuique and formalin containing Ag nanoparticles in field trial 2. This 

may be due to the ubiquitous nature of Ag nanoparticles, which are able to enhance the disinfectant power. The mechanism of 

antibacterial effect of silver nanoparticles has been reported in the literature (Sondi and Salopek-Sondi, 2004), which suggests 

that the particles are bactericidal. 

 Several mechanisms have been proposed to explain the inhibitory effect of silver nanoparticles on bacteria. It is assumed 

that the high affinity of silver towards sulfur and phosphorus is the key element of the antimicrobial effect. Due to the 

abundance of sulfur-containing proteins on the bacterial cell membrane, silver nanoparticles can react with sulfur-containing 

amino acids inside or outside the cell membrane, which in turn affects bacterial cell viability. It was also suggested that silver 

ions (particularly Ag+) released from silver nanoparticles can interact with phosphorus moieties in DNA, resulting in 

inactivation of DNA replication, or can react with sulfur-containing proteins, leading to the inhibition of enzyme functions 
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(Gupta ,1998; Matsumura et al.,2003). The general understanding is that Ag nanoparticle of typically less than 20 nm 

diameters get attached to sulfur-containing proteins of bacterial cell membranes leading to greater permeability of the 

membrane, which causes the death of the bacteria (Morones et al., 2005).  

 

CONCULSION 

 

 The unique physiochemical properties of the nanoparticles combined with the growth inhibitory capacity against microbes 

has led to the upsurge in the research on nanoparticles and their potential application as antimicrobials.  

 Envirolyte-Anolyte (1/500) significantly reduced the population of S. enteriditis with a complete reduction of the 

population. But at concentration of 1/1000 produced a 4 log10 reduction in bacterial growth. Envirolyte-Anolyte (1/500) was 

very effective against S. enteriditis killing all bacteria in poultry houses. 

  

REFERENCES 
 

Al-Mohizea IB. 1995. The Effect of Water Rinsing and Chlorine Treatment of Salad Vegetables on Microbial 

Contamination.Res.Bult.,No.(51):5-17. 

Andreatti-Filho RL, Lima ET, Menconi A, Rocha TS, Goncalves GA. 2009. Research in Salmonella spp. In drag swabs originating from 

poultry houses .Veterinaria Zootecnnia.16:1,190-194. 

Anderton A. 1989. Food poisoning and food hygiene in: Fackson, MH, Morris GP, Smith PG ,  Crawford FF: Environmental Health 

reference book. Disinfection and sterilization London, Buiterworts, 1-49. 

Anon. 2008 .Scientific Opinion of the Panel on Biological Hazards on a request from the Health and Consumer Protection, Directory 

General, European Commission on Microbiological Risk Assessment in feed in stuffs for food producing animals. EFSA J720:1–84. 

Anonymous. 2008. Preliminary FoodNet data on the incidence of infection with pathogens transmitted commonly through food—10 states, 

2007. Morb. Mortal.Wkly.Rep.57:366-370. 

Benarde MA, Snow WB, Olivieri  P, Davidson  B. 1967. Kinetics and mechanism of bacterial disinfection by chlorine dioxide. Appl. 

Microbiol. 15:257–265. 

Beuchat LR, CA Pettigrew, Tremblay ME, Roselle BJ, Scouten AJ. 2004. Lethality of chlorine, chlorine dioxide, and a commercial fruit and 

vegetable sanitizer to vegetative cells and spores of Bacillus cereus and spores of Bacillus thuringiensis. J. Food Prot. 67:1702–1708. 

Bloomfield SF, Arther M, Looney E, Begun K, Patel H. 1991. Comparative testing of disinfectant and antiseptic products using proposed 

European suspension testing methods. Lett. Appl. Microbiol. 13:233–237. 

Böhm R. 1997. Disinfectant testing for veterinary purpose in Europe, state of discusion and preliminary standards Proceedings of 9th 

International guess in animal hygiene (ISAH), Helsinki, 2: 856-859. 

Davies RH, Wray C. 1997. Distribution of Salmonella contamination in ten animal feedmills. Vet Microbiol. ,57:159–169. 

Dhanarani TS, Shanker C, Park J, Dexilin M, Kumar R, Thamaraiselvi K. 2009. Study on acquisition of bacterial antibiotic resistance 

determinants in poultry litter .Poultry Science .88:1381- 1387. 

Gupta A, Silver S. 1998. Silver as a biocide: will resistance become a problem? Nat Biotechnol. , 16:888-890. 

Han Y, Selby TL, Schultze KK, Nelson PE, Linton, RH. 2004. Decontamination of strawberries using batch and continuous chlorine dioxide 

gas treatment. J. Food Prot. 67: 2450–2455. 

Huber WG. 1977. Antiseptics and Disinfectants. (Veterinary Pharmacology and Therapeutics). 4th Ed. Edited by Jones LM, Booth NH, 

McDonald LB Ames, Iowa State University Press. 

Humphrey TJ, Lanning DG. 1988. The vertical transmission of Salmonellas and treatment of chicken feed.Epidemiolo.Infect. 100:43-49. 

ISO 6579. 2002. Microbiology of foods and animal feeding stuffs. Horizontal method for detection of Salmonella spp.(4 th ed ) .International 

Standard Organization. 

Iwasawa A, Nakamura Y, Mizuno T. 1993. Antiviral effect of aqua-ionised water. Clin. Miclobiol (in Japanese). 20: 231-236 

Ka-oud HA. 1986. Hygienic Studies on E.coli in Poultry Farms in Egypt. J. Egypt .Vet Med .Ass 46: No 3 :243-249. 

Ilić Ž, Pavlović I, Blažin V, Miljković B, Cenić S. 1989. Pojava E. coli infekcije na jednoj živinarskoj farmi u okolini Beograda. Zbornik 

kratkih sadržaja radova VIII savetovanja živinara Srbije, Vrnjačka Banja, 4. 

Layton BM. 2006. Disinfectants and Salmonella: A Study Showing the Effectiveness of Disinfectants against the Bacteria Salmonella. Saint 

Martin’s University Biology Journal. 1:95-103. 

Lee  SY, Costello M, Kang, DH. 2004. Efficacy of chlorine dioxide gas as a sanitizer of lettuce leaves. J. Food Prot., 67: 1371–1376. 

Lunestad BT, Nesse L, Lassen J, Svihus B, Nesbakken T, Fossum K, Rosnes JT, Kruse H. 2007. Salmonella in fish feed; occurrence and 

implications for fish and human health in Norway. Aquaculture, 265:1–8. 

Mandel AB, Yadav AS, Johri  TS, Pathok NN. 2005. Prevention of Infectious Diseases of Poultry in (Nutrition and Disease Management of 

Poultry). First Ed. pp 325-341. International Book Distributing Co. Printed at Army Printing Press.  

Mayhall CG. 1996. Hospital epidemiology and infection control. London, Williams and Wilkins, 927. 

-Matsumura Y, Yoshikata K, Kunisaki S, Tsuchido T. Mode of bactericidal action of silver zeolite and its comparison with that of silver 

nitrate. Appl Environ Microbiol. 2003; 69:4278-4281. 

Mohamed MA. 1990. Evaluation of Disinfection Process in Modern Poultry Farms. M.V.Sc. Thesis (Hygiene) Fac. Of Vet. Med. Cairo 

University. 

Mohammed  LN ,Samaha H A,Draz A A , Haggag Y N. 1999. Salmonellae among birds and human beings.Alex.J.Vet.Sc.,15 (1) :147-154.  



 

Glob. J. Sci. Res., 1 (1): 8-13, 2013 

13 | P a g e  
 

Morones JR, Elechiguerra JL, Camacho A, Holt K, Kouri JB, Yacaman MJ. 2005. The bactericidal effect of silver nanoparticles. 

Nanotechnology. ,16:2346–2353. 

Mosteller T M, Bishop JR. 1993. Sanitizer efficacy against attached bacteria in a milk biofilm. J. Food Prot., 56:34–41. 

Murray LJ. 1991. Salmonella in the environment. Rev. Sci. Tech., 10:765–785. 

Parkinson  E. 1981. Testing of disinfectants for veterinary and agricultural use. Pages 33–36 in Disinfectants: Their use and evaluation of 

effectiveness. C. H. Collins, M. C. Allwood, S. F. Bloomfield, and A. Fox, ed. Acad. Press, London. 

Pavlović I, Blažin V, Ilić Ž. 1988. Salmoneloza živine tokom 1987. godine na užoj teritoriji SR Srbije i njihovo suzbijanje. Zbornik radova 

živinarski dani Jugoslavije, Priština: 133-144. 

P-ayne JB, Kroger EC, Watkins SE. 2005.Evaluation of Disinfectant Efficacy When Applied to the Floor of Poultry Grow-Out Facilities. 

Poultry Science Association, Inc. 

Pieskus L, Kazeniauskas E, Butrimaite-Ambrozeviciene C, Stanevicius Z and Mauricas M. 2008. Salmonella incidence in broiler and laying 

hens with the different housing systems.Journal of Poultry Science.,45(3) :227-231. 

Popoff MY. 2001. Antigenic formulas of the Salmonella serovars.(8th edition).    

Poppe C, Irwin RJ, Forsberg CM, Clarck RC, Oggel J. 1991. The prevalence of Salmonella entritidis and other   Salmonella spp. among 

Canadian registered commercial layer flocks . Epidemiol.Infect.106; 259-270.   

Rai VR, Bai AJ. 2011. Nanoparticles and their potential application as antimicrobials. Science against microbial pathogens: communicating 

current research and technological advances. A Méndez-Vilas (Ed). 

Reiber MA, Hierholzer R E, Adams MH, Colberg MA, Izat L. 1990. Effect of litter condition on microbiological quality of freshly killed and 

processed broilers. Poult. Sci. 69:2128–2133. 

Richardson SD, Thruston A, Caughran T, Collette  K, Patterson K, Lykins  B. 1998. Chemical by-product of chlorine and alternative 

disinfectants. Food Technol. ,52: 58–61. 

Sainsbury D. 2000. Poultry Health and Management. 4th Edition, Blackwell Science, Printed by Hartnolls ITD, Bodmin, and Cornwall. 

Sy  KV, Mcwatters KH, Beuchat LR. 2005. Efficacy of gaseous chlorine dioxide as a sanitizer for killing Salmonella, yeasts, and molds on 

blueberries, strawberries, and raspberries. J. Food Prot. 68:1165–1175. 

Trawinska B, Saba BL, Wdowiaka l, Ondasovicova O, Nowakowicdebeck B. 2008. Evaluation of Salmonella rod incidence in poultry in the 

Lublin Province over the years 2001-2005.Annals of Agriculture and Environmental Medicine.,15(1) :131-134. 

Veldman A, Vahl HA, Borggreve GJ, Fuller DC. 1995. A survey of the incidence of Salmonella species and Enterobacteriaceae in poultry 

feeds and feed components. Vet Rec. 136:169–172. 

Vestby LK, Lönn-Stensrud J, Møretrø T, Langsrud S, Aamdal-Scheie A , Benneche T, Nesse  LL. 2010. A synthetic furanone potentiates the 

effect of disinfectants on Salmonella in biofilm. J Appl Microbiol., 108(3): 771–778. 

Vukičević Z. 1989. Dezinfekcija u veterinarskoj medicini. Ozid, Beograd. 

Williams, JE. 1980. Formalin Destruction of Salmonella in Poultry Litter. Poultry Science, 59: 2717-2724. 

Wu VCH, Kim B. 2007. Effect of a simple chlorine dioxide method for controlling five food borne pathogens, yeasts and molds on 

blueberries. Food Microbiology, 24:794–800. 


