
  DESCRIPTION OF PROBLEM 

Salmonella is one of the most frequently iso-
lated foodborne pathogens associated with hu-
man illness and has been estimated to cause over 
a million illnesses each year in the United States 
[1], costing over $14 billion [2]. Approximately 
95% of human cases of salmonellosis are food-
borne in origin [3] and frequently linked to the 
consumption of poultry products [4, 5]. The Sal-

monella bacterium is commonly found within 
the gastrointestinal tract of chickens and on fin-
ished retail poultry products [6–8]. 

  Additionally, animal manure has been effec-
tively used as fertilizer for centuries, and poultry 
waste is the most desirable of the organic fertiliz-
ers because of its high nitrogen content [9]. How-
ever, it is also source of some major human patho-
gens, such as Salmonella, Staphylococcus, and 
Campylobacter, all of which have the potential 
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  SUMMARY 

  Poultry are normally reared on bedding materials such as wood shavings or rice hulls. Poul-
try litter reuse for multiple flocks has become economically important in modern broiler pro-
duction. However, this practice results in the litter serving as a reservoir of numerous microbial 
organisms, including, yeasts, molds, multiple types of viruses, and bacterial pathogens such 
as Salmonella, Escherichia, Campylobacter, Clostridium, Staphylococcus, and Pseudomonas. 
The foodborne pathogens are of particular importance for poultry producers. During the prehar-
vest feed withdrawal period, consumption of contaminated litter and feces by the birds can lead 
to infection of the upper gastrointestinal tract with Salmonella, which presents substantial prob-
lems at processing. The current study was conducted to determine whether the use of a liquid 
bacterial product (LBP), such as LT1000, could reduce the load of Salmonella Typhimurium 
in poultry manure. The LBP was added to sterile poultry manure then challenged with 108 cfu/
mL of Salmonella Typhimurium. The concentration of Salmonella Typhimurium was measured 
over 9 d or until the Salmonella Typhimurium was no longer detected. In 91% of the trials, Sal-
monella Typhimurium was completely eliminated within 9 d. This demonstrates that the LBP 
used in the current study has the potential to substantially improve the overall microbiological 
safety of used poultry litter. 
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to cause food safety issues [10]. Chinivasagam et 
al. [11] detected Salmonella in 83% of farms that 
reuse litter and 68% of farms that dispose of litter 
after utilization by a single flock of broilers.

Due to rising costs and the difficulty of 
procuring bedding material, especially wood 
shavings, it has become a common practice for 
broiler producers to grow-out multiple flocks of 
broilers on the same litter. Using the same litter 
for multiple grow-outs can cause many prob-
lems for poultry producers, including disease 
outbreaks, higher litter moisture, and increased 
NH3 production. One tactic for dealing with 
these issues is to leave the poultry house free of 
birds for 2 or more months, as this will allow 
for the reduction of bacteria due to desiccation 
within the litter [12]. However, leaving poultry 
houses empty for an extended time is not a re-
alistic option due to the economic losses for the 
producer. Another tactic is for poultry produc-
ers is to use litter amendments, such as Poultry 
Litter Treatment [13], which has been shown to 
reduce pH, NH3, and bacterial load [14]. 

Approximately 44 million tons of poultry 
manure was produced in the United States in 
2008 [14]; in addition, the US poultry industry 
must meet stringent new performance standards 
proposed by the USDA-Food Safety Inspection 
Service aimed at reducing Salmonella in poultry 
[15]. Preharvest Salmonella-reduction strate-
gies, such as prebiotics, probiotics, competitive 
exclusion, and bacteriophage treatment, have 
all been attempted with varying degrees of suc-
cess [16, 17]. In-house windrowing and partial 
house cleanout are 2 approaches designed to aid 
in the reuse of litter for an extended period of 
time [18]. On-farm composting and in-house 
windrowing has been underutilized in the past; 
but, with the lack of viable alternatives to ac-
commodate the increased practice of reutiliza-
tion of litter for several flock rotations, in-house 
windrowing is becoming the method of choice 
for making organic wastes safe before applica-
tion to land. In-house windrowing is a compost-
ing technique that uses grade blades on tractors, 
skid-steer loaders, or specially designed aera-
tion equipment to pile litter into one or multiple 
conical piles (windrows) that extend the length 
of a poultry house and incubate for a period of 
10 d or more. The technique requires the piles 
be turned during the incubation period to rotate 

cooler litter from the outside of the pile to the 
higher temperatures generated internally for ef-
fective composting. Zakia et al. [19] found that 
composting reduced the Salmonella spp. count 
in poultry litter by 70.59%; however, to achieve 
this result, the compost required daily turning 
and was composted for a total of 35 d. Despite 
its increased utilization, the process of in-house 
windrowing is still far from an ideal alternative 
for poultry producers.

A liquid bacterial product (LBP; LT1000) 
composed of 3 groups of microbes—yeast (Sac-
charomyces cerevisae), photosynthetic bacteria 
(Rhodopseudomonas palustris), and lactic acid 
bacteria (Lactobacillus casei)—is purported to 
work synergistically to modify the surrounding 
microbial environment, encouraging the break-
down of ammonia and enhancing the efficacy 
of composting [20]. A slightly different formu-
lation	 of	 this	material,	 EM•1,	 has	 been	 shown	
to be safe for consumption and to enhance the 
immune response in chickens [21]. The object of 
the current study was to evaluate the efficacy of 
this LBP to reduce the concentration of Salmo-
nella Typhimurium in poultry manure.

MATERIALS AND METHODS

All procedures in this study were approved 
by the USDA-Agricultural Research Service-
Southern Plains Agricultural Research Center 
Institutional Animal Care and Use Committee 
(IACUC protocol # 09–12). The poultry ma-
nure used in this study was collected from ma-
ture Single Comb White Leghorn hens obtained 
from the Texas A&M Poultry Research facility. 
They were housed individually in commercial 
layer cages and provided free access to water 
and balanced, unmedicated corn-soybean-based 
mash layer diet that met or exceeded the NRC 
recommendations for nutrients [22]. The ma-
nure was collected and stored in sealed contain-
ers at 4°C. All manure collected over a period 
of 3 wk was combined, aliquoted into 500-mL 
polypropylene containers, autoclaved at 121°C 
for 20 min, and stored at 4°C until use. Manure 
was used in these tests to ensure a very consis-
tent test matrix. The LBP (LT1000) material was 
provided by TeraGanix Inc. [23] and maintained 
at room temperature per the manufacturer’s di-
rections. The colony-forming units per milliliter 
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of the indicator bacteria, L. casei, within the LBP 
was determined for each sample experiment by 
spread-plating a serial dilution of the stock ma-
terial onto de Man, Rogosa, Sharpe agar [24] 
and maintained in a high-CO2 environment at 
37°C for 48 h before counting colonies. The 
Salmonella Typhimurium was obtained from the 
USDA-Agricultural Research Service-Southern 
Plains Agricultural Research Center microbial 
collection after confirmation by agglutination 
testing and 16s rRNA sequencing.

The Salmonella Typhimurium was cultured 
on tryptic soy agar at 37°C for 24 h; harvested 
and resuspended for use in experimentation in 
PBS to an optical density of ~0.7 at 620 nm. The 
final inoculum concentration was determined by 
serial dilution onto tryptic soy agar plates. An 
aliquot of 42 µL of LBP (1 gal/1,000 ft2) mixed 
with 1 mL of tryptic soy broth (TSB) was added 
to 10 g of autoclaved poultry manure in each of 
3 sterile 300-mL plastic tubs (treated). A tub of 
poultry manure without LBP served as a positive 
control for Salmonella Typhimurium growth 
(control). The 4 samples tubs were placed in an 
incubator at 37°C with normal atmospheric air. 
Every day for the duration of the experiment, 1 
mL of TSB only was added to the manure and 
gently mixed to maintain moisture levels within 
the manure similar to those found in commercial 
poultry facilities (i.e., at or below 30%). On d 3, 
100 µL of Salmonella Typhimurium inoculum 
with a mean concentration of 4.42 × 108 cfu/mL 
(±0.52 × 108) diluted in 1 mL of TSB was added 
to each of the 4 tubs. The manure was sampled 
for Salmonella Typhimurium and L. casei ev-
ery other day for 9 d or until no Salmonella Ty-
phimurium was detected, following the culture 
methods described above. The experiment was 
replicated 4 times.

Data were analyzed using commercially 
available statistical software [25]. Descriptive 
statistics were generated using the mean and 
standard deviation and presented in table for-
mats. Comparison of treatment effect was ana-
lyzed by ANOVA followed by a Bonferroni’s 
Multiple Comparison Test.

RESULTS AND DISCUSSION

We report here on the efficacy of a LBP 
(LT1000) to reduce Salmonella Typhimurium 
levels within poultry manure. Salmonella Ty-
phimurium was eliminated from 91% of the 
manure samples within 9 d after the addition of 
LBP. In trial 1, the treatment marker bacteria (L. 
casei) could not be detected in 1 of the samples 
at d 9; therefore, this sample was not included 
in the final data analysis. Both of the remaining 
treated samples in trial 1 demonstrated elimina-
tion of Salmonella Typhimurium at d 5 and 7, 
respectively. The treated samples in trials 2 to 
4 showed between 1- to 3-log reductions by d 5 
and 7, respectively. By d 9, 10 of the 11 samples 
had eliminated Salmonella Typhimurium; the 
remaining sample did, however, show a 3-log 
reduction in Salmonella Typhimurium.

The concentration of Salmonella Typhimuri-
um significantly (P < 0.05) decreased over time 
(Table 1) in the samples where LBP was present. 
In 3 of the 4 trials, no Salmonella Typhimurium 
could be detected in the manure by either d 7 
or 9 in the study. In trial 2, however, the load 
of Salmonella Typhimurium in the tub was only 
reduced, not eliminated. The concentration level 
of the marker bacteria (L. casei) was also dy-
namic over the course of the trials. The L. casei 
levels consistently declined over 9 d in 3 of the 
4 trials (Table 2). However, in trial 3, the L. ca-

Table 1. Alteration in Salmonella Typhimurium concentration over time 

Trial  
(cfu/mL)

Positive  
control

Days postinoculation

5 7 9

1 8.701 5.18 0.00 0.00
2 8.70 8.16 6.64 5.00
3 8.60 7.10 6.50 0.00
4 8.62 7.43 6.50 0.00
Mean ± SD 8.66 ± 0.05a 6.97 ± 1.27b 4.91 ± 3.27b 1.25 ± 2.50b

a,bValues with different superscripts differ significantly as analyzed by ANOVA and Bonferroni’s test (P < 0.05).
1Log10 transformed mean (cfu/mL) of 3 replicates, except trial 1, which had only 2 replicates.
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sei levels fluctuated over the course of the trial. 
The cause of the difference in growth patterns 
is unclear. Statistical analyses indicated that no 
significant differences (P < 0.05) could be found 
between the mean L. casei levels in the control 
and treated samples until d 9, where a reduction 
in L. casei concentration was detected in all 4 
trials.

Other approaches to reducing Salmonella Ty-
phimurium levels within poultry manure or lit-
ter have had mixed results. Williams et al. [26] 
reported that the addition of sodium bisulfate 
actually led to an increase in survivability of 
Salmonella Typhimurium. Larrison et al. [27] 
examined 2 litter treatments, one with an acidi-
fier and one without, and reported that neither 
treatment was effective in reducing Salmonella 
colonization. Stringfellow et al. [28] found that 
quick lime and steam pasteurization were effec-
tive at controlling Salmonella Typhimurium in 
poultry litter; however, steam pasteurization is 
time consuming and requires specialized equip-
ment. Furthermore, to enhance the performance 
of quick lime, water must be added to the lit-
ter. This increased moisture can lead to excess 
production of ammonia and other associated 
problems. Additionally, studies by Bennett et 
al. [29, 30] with day-of-hatch chicks showed 
that lime levels in excess of 5% (wt/vol) caused 
mild but obvious ocular and respiratory irrita-
tion. Vicente et al. [31] found that Poultry Guard 
litter amendment, a litter acidifier, significantly 
reduced Salmonella enteritidis levels in broiler 
chicks at 11 d post-treatment; however, this ap-
parent reduction did not hold up over time, as 
no significant difference was noted between the 
treated and control chicks at 21 d post-treatment. 
Our study did not measure the persistence of the 
L. casei present in the manure past 9 d, but there 

was a decrease in its concentration over that 
time. Future studies should evaluate the longev-
ity of LBP constituents and effectiveness in the 
litter. Based on a comparison of the efficacy to 
control of Salmonella Typhimurium in poultry 
manure or litter of LBP to the other approaches 
from the literature, LBP offers promise to pro-
vide an effective, easy, and safe means of con-
trolling Salmonella Typhimurium in the boiler 
production arena.

CONCLUSIONS AND APPLICATIONS

 1.  An LBP administered at a level of 1 
gal/1,000 ft2 significantly (P < 0.05) re-
duced Salmonella Typhimurium in poul-
try manure over 9 d in a laboratory study. 
This material is easy to incorporate into 
litter, safe for poultry and humans, and 
requires no specialized equipment.

 2.  Further research should to be conducted 
on the usefulness, efficacy, and the per-
sistence of this LBP under commercial 
broiler production conditions.

REFERENCES AND NOTES

1. Scallan, E., R. M. Hoekstra, F. J. Angulo, R. V. Tauxe, 
M.-A. Widdowson, S. L. Roy, J. L. Jones, and P. M. Griffin. 
2011. Foodborne illness acquired in the United States—Ma-
jor pathogens.  Emerg. Infect. Dis.  17:7–15.

2. Scharff, R. L., J. Mcdowell, and L. Medeiros. 2009. 
Economic cost of foodborne illness in Ohio.  J. Food Prot.  
72:128–136.

3. Mead, P. S., L. Slutsker, V. Dietz, L. F. McCaig, J. 
S. Bresee, C. Shapiro, P. M. Griffin, and R. V. Tauxe. 1999. 
Food-related illness and death in the United States.  Emerg. 
Infect. Dis.  5:607–625.

4. Kimura, A. C., V. Reddy, R. Marcus, P. R. Cieslak, 
J. C. Mohle-Boetani, H. D. Kassenborg, S. D. Segler, F. P. 

Table 2. Alteration in Lactobacillus casei concentration over time 

Trial  
(cfu/mL)

Positive  
control

Days postinoculation

5 7 9

1 8.001 7.00 6.00 5.85
2 8.00 7.39 7.22 6.85
3 7.78 7.00 8.12 6.00
4 7.78 7.15 7.15 6.70
Mean ± SD 7.89 ± 0.13a 7.14 ± 0.18a 7.12 ± 0.87a 6.35 ± 0.50b

a,bValues with different superscripts differ significantly as analyzed by ANOVA and Bonferroni’s test (P < 0.05).
1Log10 transformed mean (cfu/mL) of 3 replicates, except trial 1, which had only 2 replicates.

 by guest on M
arch 14, 2014

http://japr.oxfordjournals.org/
D

ow
nloaded from

 

http://japr.oxfordjournals.org/
http://japr.oxfordjournals.org/


120 JAPR: Research Report

Hardnett, T. Barrett, and D. L. Swerdlow. 2004. Chicken 
consumption is a newly identified risk factor for sporadic 
Salmonella enterica serotype Enteritidis infections in the 
United States: A case-control study in FoodNet sites.  Clin. 
Infect. Dis.  38:S244–S252.

5. Guo, C., R. M. Hoekstra, C. M. Schroeder, S. M. 
Pires, K. L. Ong, E. Hartnett, A. Naugle, J. Harman, P. Ben-
nett, P. Cieslak, E. Scallan, B. Rose, K. G. Holt, B. Kissler, 
E. Mbandi, R. Roodsari, F. J. Angulo, and D. Cole. 2011. 
Application of Bayesian techniques to model the burden of 
human salmonellosis attributable to US food commodities 
at the point of processing: Adaptation of a Danish model.  
Foodborne Pathog. Dis.  8:509–516.

6. Bailey, J. S., and D. E. Cosby. 2005. Salmonella prev-
alence in free-range and certified organic chickens.  J. Food 
Prot.  68:2451–2453.

7. Braden, C. R. 2006. Salmonella enterica serotype En-
teritidis and eggs: A national epidemic in the United States.  
Clin. Infect. Dis.  43:512–517.

8. Zhao, C., B. Ge, J. DeVillena, R. Sudler, E. Yeh, S. 
Zhao, D. G. White, D. Wagner, and J. Meng. 2001. Preva-
lence of Campylobacter spp., Escherichia coli, and Salmo-
nella serovars in retail chicken, turkey, pork, and beef from 
the greater Washington, DC, area.  Appl. Environ. Microb.  
67:5431–5436.

9. Moore, P. A. Jr., T. C. Daniel, A. N. Sharpley, and C. 
W. Wood. 1995. Poultry manure management: Environmen-
tally sound options.  J. Soil Water Conserv.  50:321–327.

10. Terzich, M., M. J. Pope, T. E. Cherry, and J. Hol-
linger. 2000. Survey of pathogens in poultry litter in the 
United States.  J. Appl. Poult. Res.  9:287–291.

11. Chinivasagam, H. N., T. Tran, and P. J. Blackall. 
2012. Impact of the Australian litter re-use practice on Sal-
monella in the broiler farming environment.  Food Res. Int.  
45:891–896.

12. Lovanh, N., K. L. Cook, M. J. Rothrock, D. M. Miles, 
and K. Sistani. 2007. Spatial shifts in microbial population 
structure within poultry litter associated with physicochemi-
cal properties.  Poult. Sci.  86:1840–1849.

13. Jones-Hamilton Co., Walbridge, OH.
14. Bolan, N. S., A. A. Szogi, T. Chuasavathi, B. Se-

shadri, M. J. Rothrock, and P. Panneerselvam. 2010. Uses 
and management of poultry litter.  World’s Poult. Sci. J.  
66:673–698.

15. USDA-Food Safety and Inspection Service. 2011. 
New performance standards for Salmonella and Campy-
lobacter in chilled carcasses at young chicken and turkey 
slaughter establishments. FSIS Notice. 31–11:1–16.

16.	Bucher,	 O.,	A.	 Fazil,	A.	 Rajić,	A.	 Farrar,	 R.	Wills,	
and S. A. McEwen. 2012. Evaluating interventions against 
Salmonella in broiler chickens: Applying synthesis research 
in support of quantitative exposure assessment.  Epidemiol. 
Infect.  140:925–945.

17. Vandeplas, S., R. Dauphin Dubois, Y. Beckers, P. 
Thonart, and A. Théwis. 2010. Salmonella in chicken: Cur-

rent and developing strategies to reduce contamination at 
farm level.  J. Food Prot.  73:774–785.

18. Tabler, T., and J. Wells. 2012. Poultry litter manage-
ment. The Poultry Site. Accessed March 2013. http://www.
thepoultrysite.com/articles/2700/poultry-litter-managment.

19. Zakia, A. M. Ahmed, Z. M Sedik, M. D. Alharery, M. 
A. Khalaf, S. A. Nasr, and H. A. Abdelrahman. 2012. Micro-
bial ecology of composting dead poultry and their wastes.  
Glob. Vet.  9:683–690.

20. EM Research Organization. 2013. Livestock. Ac-
cessed March 2013. http://www.emrojapan.com/applica-
tion/agriculture/livestock.html.

21. Esatu, W., G. Terefe, and T. Dessie. 2012. Immuno-
modulatory effect of effective microorganisms (EM®) in 
chickens.  Research Journal of Immunology  5:17–23.

22. NRC. 1984. Nutritional Requirements of Poultry. 8th 
rev. ed. Natl. Acad. Press, Washington, DC.

23. TeraGanix Inc., Alto, TX.
24. Becton, Dickinson, Co., Franklin Lakes, NJ.
25. Prism v. 5.01, GraphPad Software Inc., La Jolla, CA.
26. Williams, Z. T., J. P. Blake, and K. S. Macklin. 2012. 

The effect of sodium bisulfate on Salmonella viability in 
broiler litter.  Poult. Sci.  91:2083–2088.

27. Larrison, E. L., J. A. Byrd, and M. A. Davis. 2010. Ef-
fects of litter amendments on broiler growth characteristics 
and Salmonella colonization in the crop and cecum.  J. Appl. 
Poult. Res.  19:132–136.

28. Stringfellow, K., D. Caldwell, J. Lee, A. Byr, J. Care, 
K. Kessler, J. McReynolds, A. Bell, R. Stipanovic, and M. 
Farnell. 2010. Pasteurization of chicken litter with steam 
and quicklime to reduce Salmonella Typhimurium.  J. Appl. 
Poult. Res.  19:380–386.

29. Bennett, D. D., S. E. Higgins, R. W. Moore, R. Bel-
tran, D. J. Caldwell, J. A. Byrd, and B. M. Hargis. 2003. 
Effects of lime on Salmonella enteritidis survival in vitro.  J. 
Appl. Poult. Res.  12:65–68.

30. Bennett, D. S., S. E. Higgins, R. Moore, J. A. Byrd, R. 
Beltran, C. Corsiglia, D. Caldwell, and B. M. Hargis. 2005. 
Effect of addition of hydrated lime to litter on recovery of 
selected bacteria and poult performance. J. Appl. Poult. Res. 
14:721–727.

31. Vicente, J. J., S. E. Higgins, B. M. Hargis, and G. 
Tellez. 2007. Effect of Poultry Guard litter amendment on 
horizontal transmission of Salmonella enteritidis in broiler 
chicks.  Int. J. Poult. Sci.  6:314–317.

Acknowledgments
Mention of trade name, proprietary product, or specific 

equipment does not constitute a guarantee or warranty by 
the USDA and does not imply its approval to the exclusion 
of other products that may be suitable.

 by guest on M
arch 14, 2014

http://japr.oxfordjournals.org/
D

ow
nloaded from

 

http://japr.oxfordjournals.org/
http://japr.oxfordjournals.org/

