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Abstract. To evaluate the effect of a litter acidifier (PGLA) on Saimonelfa enteritidis (SE) horizontal
transmission, two experiments were conducted with broiler chicks grown on used (Exp. 1) and new (Exp. 2)
litter. In each experiment, three hundred day-old broiler chicks from a commercial hatchery were obtained
and divided into three litter treatments with four replicate pens each. The treatments were: control (no litter
treatment); low dose of PGLA (LD: 815g/2.27m™); and high dose (HD: 1631 g/2.27m?. In Exp. 1, two hundred-
forty chicks were placed in floor pens with pine shaving-based litter previously used for at least two prior
growouts (20 chicks/pen). Ancther 60 chicks were challenged with 7.5x10° cfu of SE (seeders), placed in a
separate pen with clean new pine shaving-based litter for 24 hours, then 5 seeders (20%) were placed with
the contact chicks in each respective treatment pen. Saimonelffa recovery from cecal tonsils of 10 chicks/ pen
were evaluated on days 11 and 21. Application of PGLA at both LD and HD on used litter significantly reduced
(p<0.05) SE recovery compared to controls (Control: 28%, LL: 0%; HL: 3% respectively) on day 11 after
placement, but no difference was observed at day 21. However, a significant increase (p<0.05) in body weight
was detected in the HD compared to the control group on d21, but not d11. Similarly, application of PGLA to
clean pine shavings (Exp. 2) reduced (p<0.05) SE recovery from cecae of chicks cultured on day 11 (control:
46%; LD: 23%; HD: 18% respectively). Body weights through 21 days were unaffected by PGLA treatment of
new litter. These data suggest that PGLA treatment of new or used litter may reduce early horizontal
transmission of Salmoneffa. Enhanced 21-day performance of chicks on used litter treated with PGLA may
suggest that other low-level pathogens were reduced by treatment, although further studies are necessary

to confirm and extend these findings.

Key words: Litter treatment, Saimonella enteritidis, horizontal transmission, broiler chicks

Introduction

In the United States, it is estimated that 1.4 million
humans contract salmonellosis and that the annual cost
of this illness, including lost productivity, is $3 billion
annually (WHO, 2006). In the year 2004, surveillance
data indicated that the greatest number of foocd borne
illnesses were caused by Salmonella, comprising 42%
of all laboratory diaghoses (FoodNet, 2005). Because
poultry and poultry products often serve as the vehicle for
human Salmoneliosis (Kimura et al., 2004; Marcus ef al,
2007), the poultry industry and governmental agencies
are focused on eradicating Saimeneffa both in live birds
and at the processing plant (Hargis et al., 2001).

It is well known that Saimoneffa and other pathogens
can survive for long time on the litter as well as some
fungi and viruses that could potentially affect bird's
health and performance (Srivastava et al, 1972).
Salmoneiffa-contaminated litter is a potential source of
cross contamination of the carcasses in the processing
plant, as it may be carried into the plant on the feet and
feathers (Line, 2002). Recently, the re-utilization of litter
as bedding material has become a common practice in
the poultry industry in the United States (Hess et al,
2000). However, it sometimes represents a problem for
perpetuation of pathogens on the farm. Therefore,
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implementation of practices to break the transmission of
pathogens like Salmoneiffa between flocks and reduce
the possibility of contamination before slaughter are
required.

Many studies have been performed in the past years
focused on litter treatments with different organic acids
to reduce the emission of ammonia by modifying the pH
of the litter. The effects of these organic acids (such as
citric, tartaric and salicylic) (lvanov, 2001) and other
compounds like formalin (Williams, 1980), sodium
bisulfate (Blake and Hess, 2001), scdium sulfate
(Ilvanov, 2001) and sulfuric acid (Asari et al., 2004) on
Salmonella viability and other microorganisms have
been documented. Poultry Guard Litter Amendment
(PGLA)== Poultry Guard® litter amendment, Qil Dri
Corporation of America. 410 North Michigan Ave.
Chicago IL 60611 is a product based on sulfuric acid
(40-50%), used to control ammonia volatilization by
converting litter ammonium to ammonium sulfate,
thereby decreasing litter pH and providing potent ionic
effects that enhance acidification and reduction of
pathogens on litter (Payne ef al, 2002; Asari ef al,
2004). The purpose of this study was to evaluate the
effect of two levels of PGLA spread on the top of used
and new litter on the horizontal transmission of
Salmonella enteritidis and body weight of broiler chicks.
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Table 1: Effect of two concentrations of PGLA spread on the top
of used litter on Salmonella ententidis horizontal
transmission in broiler chicks

No. Salmonella-positive cecal tonsils
samples / total (%)

Treatment Day 11 Day 21

Control 11/40 (27 .5)* 1/ 40 (2.5)°

Low Dose (815g/2.27m?) 0/40 (0.0)° 0/38 (0.0)°

High Dose (1631G/f2.27m?)  1/40 (2.5 2037 (27

*Mfalues within columns with different superscripts are significantly
different (p<0.05)

Table 2: Body weight of chicks placed on used litter treated with PGLA
Body weight (grams+SEM)

Treatment Day 1 Day 11 Day 21

Control 46.52+0.45° 202.86+5.65° 644.00+13.19"
Low Dose (815g/2.27m?) 47.03£0.45° 20540+5.01° 658.95+9.52:*
High Dose (1631G/2.27m¥)  46.44+0.40° 211.1844.77¢ 678.38+10.15"

*®Nalues within columns with different
different (p<0.05)

superscripts are significantly

Materials and Methods

Bedding material: Used pine shaving-based litter from
at least two prior growouts used in experiment one was
obtained from the Poultry Research Farm at the
University of Arkansas. Before placement, the litter was
blended and mixed to uniformity and level of moisture
was calculated (23%). New pine shaving-litter was used
in the second experiment. The depth of the litter in the
first trial was ~10 cm and in the second trials was ~5
cm. Samples of litter (used and new) were cultured for
Saimoneifa before the placement of chicks using
described procedure (Andrews ef al., 1978). None was
detected in either litter source.

Experimental design: In each trial, twelve pens were
built (~2.27 m¥pen) in an isolation room of the Poultry
Health Laboratory and a random block pattern was
utilized for three different treatments: 1. Control; 2. Low
dose (LD) of PGLA (815g); 3. High dose (HD) (1631g) of
PGLA. Treatments were applied to the top of the litter
manually 24h before placement of the chickens. Three
hundred day-of-hatch broiler chicks from a commercial
hatchery were obtained. Two hundred-forty chicks were
randomly assighed to three groups with four replicates
(20 chicks/pen). The other 60 chicks were wing banded,
challenged with 7.5x10 cfu of Saimonelia enteritidis
(seeders) and placed in a separate pen on clean
shavings. Twenty-four hours later, 5 seeders (20%) were
placed in each treated pen. Chicks received a balanced
cornfsoybean-based diet containing salinomycin
(Coxistac®) at label-recommended concentration,
formulated to meet or exceed age-appropriate National
Research Council recommendations and water ad
libitum.
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Salmonella challenge: A primary poultry isolate of
Salmonelia enteritidis, bacteriophage type 13A (SE), was
obtained from the USDA National Veterinary Services
Laboratory. This isclate was resistant to novobiocin'
(NO) (25 ug mL™") and was selected for resistance to
nalidixic acid’ (NA) (20 ug mL~") in our laboratory. For
these studies SE was grown overnight in tryptic soy
broth? (TSB) at 37°C. Cells were washed three times in
sterile saline by centrifugation at 1864g and the
concentration was estimated with a spectrophotometer
to approximately 10 cfu mL~" in sterile saline and then
diluted to inoculated concentrations. Concentrations of
SE were retrospectively determined by spread plating on
brilliant green agar’ (BGA) plates containing NO (25 ug
mL~") and NA (20 pg mL™") and enumeration for each
experiment. Actual determined cfu for each experiment
are reported.

Salmonella recovery and body weight: Horizontal
transmission of Safmonella enteritidis was evaluated at
11 and 21 days in both experiments. Ten chickens per
pen were humanely killed and cecal tonsils were
aseptically removed  following  enrichment in
tetrathionate broth. After 24-hour of incubation at 37°C,
the broth was agitated and streaked on Birilliant Green
Agar (BGA) plates with (NA/NO) antibiotics. Plates were
incubated for an additional 24 hours at 37°C and
examined for the presence or absence of typical
Salmonelffa lactose-negative and antibiotic resistant
colonies.

Statistical analysis: Culture data were analyzed using
chi-square analysis to determine significant differences
in cecal colonization (Zar, 1984). Body weight was
determined by one-way analysis of variance using
General Linear Models procedure and significant
differences between groups were further separated
using Duncan's multiple range test (SAS Institute, 1988).

Results and Discussion

In experiment 1, the application of both, LD and HD
doses of PGLA on used litter prior to placement of chicks
significantly reduced (p<0.05) SE recovery compared to
the control at 11 days. However, very low levels of
Salmonella were recovered at 21 days (Table 1) in all
the experimental groups. Interestingly, a significant
increase in body weight {p<0.05) was detected in chicks
placed on treated litter with high dose of PG compared
with control chicks (Table 2).

In the second experiment, the number of S. enferitidis
positive samples were statistically higher (p<0.05) in the
control group (46%) compared to hoth treated groups
(LD: 23% and HD: 18% respectively) at 11 days but no
difference was detected at day 21 (Table 3). No
differences in body weight were detected in any group at
day 21 {(data not shown).
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Table 3: Effect of two doses of PGLA spread on the top of new litter on
Salmonella entertidis horizontal transmission in broiler chicks

No. Salmonella-positive cecal tonsils
samples / total (%)

Treatment Day 11 Day 21

Control 18/39 (46.1) 11/39 (28.2)

Low Dose (8159/2.27m%) 9/40 (22.5)° 5/39 (12.8)°

High Dose (1631G/2.27m) 7/40 (17.5)° 6/40 (15.0)*

*Nalues within columns with different superscripts are significantly
different (p<0.05)

In the present study, higher levels of Salmonella
enteritidis was detected in broiler chicks placed on new
litter than those raised on used litter. Gustafson and
Kobland (1984) found similar results with Safmonefia
typhimurium-infected chicks placed on used and fresh
litter but with no litter treatment. Olesuik et al (1971)
reported that Salmonella typhimurium could survive
longer on new litter than used bedding material. Turnbull
and Snoeyenbos (1973) have reported that high level of
ammonia and pH generated from used litter has a
salmonellacidal effect and it could be one of the factors
of S. enferitidis horizontal transmission reduction
observed in both used and new litter in the present
report.

Low levels of Salmonella enteritidis recovered from
chicks placed on both used or new litter in this study
could be due to the reduction on the litter pH. Payne et af.
(2002) reported that litter treated with different levels of
sulfuric acid and sodium sulfate dramatically reduced
the pH. Pope and Cherry (2000) reported that used litter
treated with 2.27kg/9.29 m’ of poultry litter amendment
reduced significantly the pH and it was associated with
a reduction of Escherichia coli. Also, Line (2002) found
that litter treated with aluminum sulfate or sodium
bisulfate reduced Campylobacter colonization and
population in the ceca.

Bacteria are challenged by many environmental factors
that can reduce their viability. These organisms are
frequently confronted with more acid or alkaline
conditions outside of their tolerable limits. Salmonella
typhimurium and E. coli can grow in pH levels ranging
from 5 to 9 (Foster, 1993), but Saimoneffa grows
optimally between 6.5 and 7.5 (Chung and Goeptert,
1970). There are reports that in acidic environments,
Salmoneifa typhimurium are able to generate an acid
tolerance response by inducing synthesis of some
defense mechanisms (Foster, 1993; Willmes-
Riesenberg ef al., 1996; Hall and Foster, 1996). Foster
and Spector (1995) observed minimum growth of S.
typhimurium when it was exposed to 4.3 pH in minimal
glucose medium. The present data indicate that the
acidic environment in litter treated with PGLA indeed
reduced Salmonelfa horizontal transmission, but it did
not completely eliminate colonization of chicks in all
groups, perhaps due to some resistance to acidic
environments.

316

Reducing or controlling intestinal colonization and fecal
shedding associated with Sa/moneffa infection could be
useful in several contexts. The reduction in the number
of Salmonella cells shed in feces should help control
the spreading of this pathogen within and between
houses (Gast et al., 1993). Our results suggest that to
treat used or new litter with PGLA may reduce early
horizontal transmission of Safmoneifa enteritidis, but by
itself it is not enough to completely eliminate
contamination. Perhaps combinations including litter
acidification and other non-antibictic alternatives may be
synergistic for complete reduction of Salmoneffa in
poultry. In addition, the enhancement of performance at
21 days in chicks over used litter treated with PGLA may
suggest that other low-level pathogens were reduced,
although further studies are necessary to confirm and
extend these findings.

References

Andrews, W H., P.L. Poelma, CR. Wilson and A.
Romero, 1978. Isolation and identification of
Saimoneffa. In. Bacteriological analytical manual,
5th Ed. Association of Official Analytical Chemists,
Washington, D.C., pp: 1-29.

Asari, M., H. Takatsuki, M. Yamazaki, T. Azuma, H.
Takigami and S. Sakai, 2004. Waste wood recycling
as animal bedding and development of bio-
monitoring tool using the CALUX assay. Environ.
Int., 30: 639-49.

Blake, J. P. and J. B. Hess, 2001. Aluminum sulfate as
a litter treatment. Circular ANR-1202. Alabama
Cooperative Extension System, Auburn University,
AL. 2 pp.

Chung, KC. and JM. Goeptert, 1970. Growth of
Saimoneifa at low pH. J. Food Sci., 35: 326-328.
FoodNet, 2005. Preliminary FoodNet data on the
incidence of infection with pathogens transmitted
commonly through food---10 Sites, United States,

2004. Morbid. Mort. Week Rep., 54. 352-356.

Foster, JW., 1993. The acid tolerance response of
Salmonella typhimurium. Crit. Rev. Microbiol., 21:
215-237.

Foster, JW. and N.P. Spector, 1995. How Salmonelia
can survive against the odds. Annu. Rev. Microbiol.,
49: 145-174.

Gast, R.K., H.D. Stone and P.S. Holt, 1983. Evaluation on
the efficacy of oil-emulsion bacterins for reducing
fecal shedding of Salmonella enteritidis by Laying
Hens. Avian Dis., 37: 1085-1091.

Gustafson, R.H. and J.D. Kobland, 1984. Factors
influencing  Salmonella shedding in  broiler
chickens. J. Hyg., 93: 385-394.

Hall, H.K. and JW. Foster, 1996. The role of Furin the
acid tolerance responce of Salmonella typhimurium
is physiologically and genetically separable from its
role in iron acquisition. J. Bacteriol., 178: 5683-
5691.



Vicente et af.; Litter Treatment and Salmonella

Hargis, B.M., D.J. Caldwell and J.A. Byrd, 2001. Microbial
pathogens of poultry: live bird considerations. In:
Poultry Meat Processing. A.R. Sams, Ed. CRC
Press, LLC.

Hess, J.B., S.F. Bilgili, J.P. Blake and M.K. Eckman,
2000. Studies on the use of alternative litter sources
for broilers. Pages 183-186, in. Proc. Alliance for
Environmental Stewardship: A Comprehensive
Approach, Eds. J.P. Blake and B.L. Kintzer, Auburn
University PrintingService, Auburn, AL.

Ilvanov, |.E., 2001. Treatment of broiler litter with organic
acid. Res. Vet. Sci., 70: 169-173.

Kimura, A.C., V. Reddy, R. Marcus, P.R. Cieslak, J.C.
Mohle-Boetani, H.D. Kassenborg, S.D. Segler, F.P.
Hardnett, T. Barrett and D.L. Swerdlow, 2004.
Chicken consumption is a newly identified risk
factor for sporadic Salmoneffa enterica serotype
Enteritidis infections in the United States: a case-
control study in FoodNet sites. Clinical Infect. Dis.,
38: §244-8252.

Line, J.E., 2002. Campylobacter and Salmonelia
populations associated with chickens raised on
acidifier litter. Poult. Sci., 81: 1473-1477.

Marcus, R., JK. Varma, C. Medus, E.J. Boothe, B.J.
Anderson, T. Crume, K.E. Fullerton, M.R. Moore, P.L.
White, E. Lyszkowicz, A.C. Voetsch and F.J. Angulo,
2007. Re-assessment of risk factors for sporadic
Salmonella serotype Enteritidis infections: a case-
control study in five FoodNet sites, 2002-2003.
Epidemiol. Infect., 135: 84-92.

Olesuik, O.M., G.H. Snoeyenbos and C.F. Smyser, 1971.
Experimental Salmonelfa typhimurium
transmission in the chickens. Avian Dis., 15 118-
124,

Payne, J.B., EC. Kroger and S.E. Watkins, 2002.
Evaluations of litter treatments on Salmonella
recovery from poultry litter. J. Appl. Poult. Res., 11:
239-243.

Pope, M.J. and T.E. Cherry, 2000. An evaluation of the
presence of pathogens on broilers raised on Poultry
Litter Treatment-treated litter. Poult. Sci., 79: 1351-
1355.

SAS Institute Inc., 1988. SAS user's guide: statistics.
SAS Institute Inc., Cary, N.C.

Srivastava, S.K., V. Singh and N. Singh, 1972. Bacterial
flora of poultry environment. Ind. J. Micrbiol., 12: 7-9.

Turnbull, P.C. and G.H. Snoeyenhos, 1973. The role of
ammonia, water activity and pH on the
salmonellacidal effect of long-used poultry litter.
Avian. Dis., 17: 72-86.

WHO, 2006. Subject: Drug resistant Saimoneffa.
http: /v who.int/mediacentre/factsheets/fs139/en/
Accessed Nov. 20086.

Williams, J.E., 1980. Formalin destruction of Salmonelia
in Poultry Litter. Poult. Sci., 59: 2717-2724.

Willmes-Riesenberg, M.R., B. Bearson, JW. Foster and
R. Curtiss lll, 1996. Role of the acid tolerance
responce in virulence of Salmonella typhimurium.
Infection and Immunity, 64: 1085-1092.

Zar, J., 1984. Biostatistical Analysis, 2nd Ed. Prentice
Hall, Englewood Cliffs, New Jersey.

Poultry Guard®litter amendment, Qil Dri Corporation of America. 410 North Michigan Ave. Chicago IL 60611

'Catalog No. N-1628, Sigma, St. Louis, MO 63178
*Catalog No. N-4382, Sigma, St. Louis, MO 63178
*Catalog No. 211822, Becton Dickinson, Sparks, MD 21152
“‘Catalog No. 1.05287.5007, EMD, Gibbstown, NJ 08027

317



	IJPS.pdf
	Page 1


