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ABSTRACT

Salmonella subs. serovar Enteritidis is a potential biological pathogen of concern in the poultry industry. Contamination of the bacterium on
eggshells has led to human illnesses. With the implementation of new regulations, animal feed manufacturing continues to be under more strin-
gent requirements. Specifically, there is zero tolerance for Salmonella Pullorum, Gallinarum, or Enteritidis in poultry feed. For this reason, it is
important to determine an effective method of reducing or preventing Salmonella contamination in feed for poultry. Therefore, the objective of
this study was to evaluate the impact of sodium bisulfate (SBS; Jones-Hamilton, Co., Walbridge, OH) added to poultry mash to reduce or prevent
Salmonella growth over time. A single, commercially produced all-flock poultry mash was mixed with four different levels of SBS: 0.0%, 0.25%,
0.50%, and 0.70%. After SBS addition, the treated mash was inoculated with Salmonella enterica subsp, enterica serovar Enteritidis (ATCC
13076) and enumerated for Salmonella on days 0, 1, 2, 7. and 14 post-inoculation by plating on xylose lysine deoxycholate agar. There was no sig-
nificant effect of SBS inclusion level on the reduction of Salmonella (P = 0.23); however, there was a significant effect of time across treatments
(P < 0.0001). Additionally, there was no inclusion level x time interaction (P = 0.68). These results suggest that while SBS inclusion has no effect

on Salmonella concentrations, storage time is effective at reducing or eliminating Salmonella contamination in poultry feed.
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INTRODUCTION

Non-typhoidal Salmonella species are estimated to globally
cause 93.8 million infections and 155,000 deaths each year
(Varga et al., 2013). Approximately, 11% of Salmonella infec-
tions are attributed to contact with infected animals annually
(Mead et al., 1999; Hale et al., 2012). Animal food is at the
beginning of the food safety chain and may be contaminated
through cross-contamination during manufacturing at the
feed mill (Crump et al., 2002). The contaminated animal feed
may, in turn, lead to infection of food-producing animals,
including poultry. Pathogens such as Salmonella can then be
transmitted through the food chain to humans, resulting in
foodborne illness.

Salmonella is a Gram-negative bacterium that can be found
in the intestinal tracts of many animals, including poultry
(Heymann, 2008; Behravesh et al., 2014). Poultry are well
recognized as carriers of Salmonella and may appear healthy
while infected (Behravesh et al., 2014), thus posing the risk
for zoonotic disease transfer to humans from birds that ap-
pear healthy. Some strains of non-typhoidal Salmonella have
great survivability in animal feed (Andino et al., 2014),
making feed a possible disease vector. By reducing Salmonella
contamination in animal feed, the number of Salmonella in-
fections in poultry flocks may be reduced, therefore reducing
the risk to the human food supply.

There are several methods to control Salmonella contam-
ination in animal food. High temperatures during pelleting
and conditioning have been shown to reduce or eliminate
Salmonella contamination (Cox et al., 1986), but this does
not prevent post-processing contamination. The addition of
chemicals such as formaldehyde, medium-chain fatty acids,
organic acids, and essential oils to ingredients and finished
swine feed have been shown to reduce Salmonella contam-
ination to varying degrees of effectiveness (Cochrane et al.,
2016).

It has been well established that acidifiers reduce pH and
can prevent Salmonella growth and viability (Humphrey
and Lanning, 1988; Matlho et al., 1997; Koyuncu et al.,
2013). Acidifiers are also an attractive option to utilize as a
feed safety mechanism because many are currently included
in poultry diets to improve growth performance (Hamid et
al., 2018), improve digestibility (Abdollahi et al., 2020), and
induce changes in the gastrointestinal tract (Hamid et al.,
2018). However, many of these acidifiers are hazardous to
handle, cause equipment corrosion, and require specialized
equipment for inclusion.

Sodium bisulfate (SBS) is an acidifier that is generally recog-
nized as safe (GRAS) by the Food and Drug Administration.
It is a weak acid that is commonly available in a bulk, dry,
powdered form and approved for inclusion in poultry feed
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to reduce pH. Sodium bisulfate is hygroscopic (Sun et al.,
2008) and dissociates into sodium, hydrogen, and sulfate
when moisture is absorbed. It has been shown to induce a
considerable reduction in the populations of various bac-
teria when applied to poultry litter (Pope and Cherry, 2000).
Despite this, SBS has not been evaluated for its effectiveness
in reducing bacterial populations in poultry diets. Sodium
bisulfate is an attractive alternative to traditional acidifiers
due to its ease of use, reduced equipment corrosion, and im-
proved palatability (European Food Safety Authority, 2014).
Therefore, the objective of this study was to evaluate the
ability of SBS to reduce or prevent Salmonella growth over
time in poultry mash diets. The hypothesis of this experiment
is that SBS inclusion will decrease Salmonella concentrations
in contaminated feed, with the greatest effect occurring at
0.7% inclusion.

MATERIALS AND METHODS

SBS Inclusion

A single, commercially produced all-flock poultry mash
(Country Lane, Moberly, MO) was coated with powdered
SBS (Jones Hamilton Co., Walbridge, OH). The manufac-
turer recommends an inclusion rate of 0.5%, so this experi-
ment targeted inclusion rates below, equal to, and above
these recommendations. The untreated nutritional analysis
and ingredient list of the poultry mash are presented in Table
1. SBS was added at the inclusion levels of 0.0%, 0.25%,
0.50%, and 0.70% w:w to mimic industrial coating levels
typically used in poultry mash formulations. For each level
of inclusion, SBS was mixed thoroughly for 5 min for an even
distribution.

Table 1. Formulation and ingredient list® of the all-flock mash

Ingredient Guaranteed analysis, %
Crude protein (min) 16.00
Lysine (min) 0.60
Methionine (min) 0.30
Crude fat (min) 3.00
Crude fiber (max) 9.00
Calcium (min) 1.50
Calcium (max) 2.00
Phosphorous (min) 0.50
Salt (min) 0.25
Salt (max) 0.75
Sodium (min) 0.15
Sodium (max) 0.65
Vitamin A (min) 3,000 TU/Ib
Vitamin E (min) 20 IU/Ib

“Processed grain by-products, grain products, plant protein products,
calcium carbonate, sodium bentonite, salt, I-lysine, dl-methionine, ferrous
carbonate, ferrous sulfate, copper sulfate, manganous oxide, manganese
sulfate, zinc oxide, zinc sulfate, cobalt carbonate, sodium selenite,

vitamin A supplement, vitamin D, supplement, vitamin E supplement,
menadione dimethylpyrimidinol bisulfite, thiamine mononitrate, riboflavin
supplement, niacin supplement, choline chloride, calcium pantothenate,
pyridoxine hydrochloride, folic acid, biotin, vitamin B, supplement, and
propionic acid (a perservative).
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Salmonella Inoculum Preparation and Inoculation

Salmonella enterica subsp, enterica serovar Enteritidis (ATCC
13076) stock stored at —80 °C was transferred to fresh tryptic
soy broth (TSB; Difco, Franklin Lakes, NJ, USA) and incu-
bated at 35 °C for 48 h. Following incubation, the cultured
TSB was added to 100 g of previously sterilized, uncoated
poultry mash and allowed to dry overnight in the biosafety
cabinet. The prepared inoculum was then mixed with the
previously treated poultry mash at each of the four inclusion
levels. Treated and inoculated poultry mash was shaken vigor-
ously for 2 min to evenly distribute the inoculum. Following
inoculation, the mash was allowed to sit at room temperature
(20 °C based on room thermostat settings) for 1 h prior to the
collection of day-0 enumeration. Additionally, all inoculated
treatments were stored at room temperature throughout the
14-d sampling period.

Sample Plating and Enumeration

Enumeration of Salmonella was carried out on days 0, 1,2, 7,
and 14 post-inoculation according to the methods described
by Andrews et al. (2018). For each day of enumeration, sub-
samples were collected, diluted with buffered peptone water
(BPW; Difco, Franklin Lake, NJ), and stomached for 30 s in a
stomacher (Seward 400, Davie, FL). Following sample stom-
aching, serial dilutions in BPW were performed and spread
plated onto xylose lysine deoxycholate (XLD) agar (Difco,
Franklin Lake, NJ). All inoculated XLD plates were incubated
at 35 +2 °C for 24 + 2 h. After incubation, black colonies
typical for Salmonella were counted and total colony forming
units (CFU) per gram calculated.

Statistical Analysis

Data were analyzed using the GLIMMIX procedure of SAS
version 9.3 (SAS Inst. Inc., Cary, NC) and were log,, trans-
formed prior to analysis because the data spanned a large
range in order of magnitude and because bacterial popula-
tion dynamics are exponential in nature (Gao et al., 2020).
The model included the fixed effects of SBS inclusion level,
sampling day, and the interaction between inclusion level and
sapling day, and sampling day served as a repeated measure.
The first-order autoregressive covariance structure was used
for all repeated measures analyses because the correlation be-
tween subsequent samplings was assumed to decline expo-
nentially with time. There were three experimental units of
each SBS inclusion level. Differences were considered statis-
tically significant at P < 0.05, and means were separated using
pairwise comparisons with least significant difference when
the analysis of variance revealed a significant difference.

RESULTS AND DISCUSSION

Sodium bisulfate, regardless of inclusion level, did not im-
pact (P =0.23) Salmonella concentration in the current
experiment (Fig. 1). Previous research has shown that SBS
does not affect the prevalence of Salmonella in broiler
houses (Line and Bailey, 2006) or poultry litter (Williams
et al., 2012). It is possible that the inclusion rate of SBS in
the current experiment was not great enough to evenly coat
all the feed particles, therefore reducing the probability that
SBS will interact with Salmonella and reduce the popula-
tion of bacteria. Additionally, the mash form of the diet in
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this experiment may have also contributed to the growth of
Salmonella as the particle size would be smaller and, there-
fore, provide greater surface area for Salmonella to attach.
Although pH was not measured in the current experiment, it
is possible that the SBS did not decrease the pH of the feed to
the point that it would affect Salmonella concentrations. The
Salmonella spp. is well adapted for survival in mildly acidic
conditions (Alvarez-Ordéiiez et al., 2012), and Payne et al.
(2007) demonstrated that Salmonella populations can be re-
duced in poultry litter below detectable limits at a pH of 4.
While SBS did not impact Salmonella concentration, time
substantially reduced (P < 0.0001) the concentration regard-
less of the inclusion level of SBS (Figs. 2 and 3). At the end
of the 14-d storage period, Salmonella was undetectable in
all treatments. These results are supported by Williams et al.
(2012) who demonstrated that Salmonella concentrations de-
clined over time in poultry litter. This effect may be explained
by changes in water activity over time. Payne et al. (2007) dem-
onstrated that Salmonella populations can be reduced through
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Figure 1. Effect of dry acidulant inclusion level on Salmonella Enteritidis
level. A single, commercially produced all-flock poultry mash was
treated with a dry acidulant, sodium bisulfate, at 0.0%, 0.25%, 0.50%,
and 0.70%. On day 0, samples were inoculated with Salmonella

and enumerated for Sa/monella on XLD agar. Stored samples were
enumerated for Salmonella Enteritidis on days 1, 2, 7. and 14 post-
inoculation. P < 0.05.
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Figure 2. Effect of day on Sa/monella Enteritidis level. A single,
commercially produced all-flock poultry mash was treated with a dry
acidulant, sodium bisulfate, at 0.0%, 0.25%, 0.50%, and 0.70%. On
day 0, samples were inoculated with Salmonella and enumerated
for Salmonella on XLD agar. Stored samples were enumerated for
Salmonella Enteritidis on days 1, 2, 7. and 14 post-inoculation. Means
lacking a common superscript letters (a—e) differ; P < 0.05.

Inclusion Level, %

7 —_ 0% cees 0.50%
== 0.25% - 0.70%
06
) Treatment P = 0.23
b 5 Day P < 0.0001
° Treatment x Day P = 0.68
—
o4
o°
o3
k9]
<2
g
= 1
0
0

Time, d

Figure 3. Effects of dry acidulant inclusion level on Salmonella Enteritidis
over time. A single, commercially produced all-flock poultry mash

was treated with a dry acidulant, sodium bisulfate, at 0.0%, 0.25%,
0.50%, and 0.70%. On day 0, samples were inoculated with Salmonella
and enumerated for Salmonella on XLD agar. Stored samples were
enumerated for Salmonella Enteritidis on days 1, 2, 7 and 14 post-
inoculation. P < 0.05.

a reduction in water activity. As feed is stored, water activity
decreases, which may explain the reduction in Salmonella con-
centration during feed storage in this experiment. Therefore,
feed storage may be an effective step to reducing bacterial
contamination, and the results of this experiment suggest that
storing feed for 14 d may reduce Salmonella contamination
in feed. However, practical considerations limit this as an ef-
fective control measure, as most poultry feed in integrated sys-
tems is fed within days of manufacturing.

In conclusion, dry acidulant addition had no effect on the
concentration of Salmonella Enteritidis in mash poultry diets,
regardless of inclusion level. However, Salmonella concen-
trations declined over time, reaching an undetectable level
after 14 d of storage. Practical considerations regarding feed
manufacturing and feeding limit the use of storage as an ef-
fective solution to feed contamination; therefore, further re-
search is needed to identify effective and practical methods to
reduce Salmonella Enteritidis contamination in poultry feed.

ACKNOWLEDGMENTS

This work was funded by Jones Hamilton Co.

Conflict of interest statement

The authors declare no actual or potential conflicts of interest.

LITERATURE CITED

Abdollahi, M. R., E Zaefarian, L. Hall, and J. A. Jendza. 2020. Feed
acidification and steam-conditioning temperature influence nutri-
ent utilization in broiler chickens fed wheat-based diets. Poult. Sci.
99(10):5037-5046. doi:10.1016/j.psj.2020.06.056

Alvarez-Ordéiiez, A., M. Prieto, A. Bernardo, C. Hill, and M. Lépez.
2012. The acid tolerance response of Salmonella spp.: an adap-
tive strategy to survive in stressful environments prevailing in
foods and the host. Food Res. Int. 45(2):482-492. do0i:10.1016/j.
foodres.2011.04.002

Andino, A., S. Pendleton, N. Zhang, W. Chen, E Critzer, and I
Hanning. 2014. Survival of Salmonella enterica in poultry feed
is strain dependent. Poult. Sci. 93(2):441-447. d0i:10.3382/
ps.2013-03401


https://doi.org/10.1016/j.psj.2020.06.056
https://doi.org/10.1016/j.foodres.2011.04.002
https://doi.org/10.1016/j.foodres.2011.04.002
https://doi.org/10.3382/ps.2013-03401
https://doi.org/10.3382/ps.2013-03401

Andrews, W. H., A. Jacobson, and T. Hammack. 2018. Chap-
ter 5: Salmonella. Bacteriological analytical manual. US Food
and Drug Administration https://www.knowthefactsmmj.
com/wp-content/uploads/2020/01/64ER20-7/Microbial/1-
Bacteriological-Analytical-Manual-BAM_ChS5_-Salmonella-_-
FDA.pdf

Behravesh, C. B., D. Brinson, B. A. Hopkins, and T. M. Gomez. 2014.
Backyard poultry flocks and salmonellosis: a recurring, yet prevent-
able public health challenge. Clin. Infect. Dis. 58(10):1432-1438.
doi:10.1093/cid/ciu067

Cochrane, R. A., A. R. Huss, G. C. Aldrich, C. R. Stark, and C. K. Jones.
2016. Evaluating chemical mitigation of Salmonella Typhimurium
ATCC 14028 in animal feed ingredients. J. Food Prot. 79(4):672—
676. d0i:10.4315/0362-028x.Jfp-15-320

Cox, N. A., D. Burdick, J. S. Bailey, and J. E. Thomson. 1986. Effect
of the steam conditioning and pelleting process on the micro-
biology and quality of commercial-type poultry feeds. Poult. Sci.
65(4):704-709. doi:10.3382/ps.0650704

Crump, J. A., P. M. Griffin, and F. J. Angulo. 2002. Bacterial contam-
ination of animal feed and its relationship to human foodborne
illness. Clin. Infect. Dis. 35(7):859-865. d0i:10.1086/342885

European Food Safety Authority. 2014. Scientific opinion on the safety and
efficacy of sodium bisulphate (SBS) for all species as preservative and
silage additive. EFSA J. 12(6):3741. d0i:10.2903/j.efsa.2014.3731

Gao, A., ]. Fischer-Jenssen, C. Wroblewski, and P. Martos. 2020. In-
terpretation and implications of lognormal linear regression
used for bacterial enumeration. J. AOAC Inz. 103(4):1105-1111.
doi:10.1093/jaoacint/qsaa005

Hale, C. R., E. Scallan, A. B. Cronquist, J. Dunn, K. Smith, T. Robin-
son, S. Lathrop, M. Tobin-D’Angelo, and P. Clogher. 2012. Esti-
mates of enteric illness attributable to contact with animals and
their environments in the United States. Clin. Infect. Dis. 54(Suppl
5):5472-5479. d0i:10.1093/cid/cis051

Hamid, H., H. Q. Shi, G. Y. Ma, Y. Fan, W. X. Li, L. H. Zhao, J. Y.
Zhang, C. Ji, and Q. G. Ma. 2018. Influence of acidified drink-
ing water on growth performance and gastrointestinal function of
broilers. Poult. Sci. 97(10):3601-3609. doi:10.3382/ps/pey212

Heymann, D. L. 2008. Control of communicable diseases manual.
Washington, USA: American Public Health Association.

Translational Animal Science, 2022, Vol. 6, No. 1

Humpbhrey, T. J., and D. G. Lanning. 1988. The vertical transmission of
salmonellas and formic acid treatment of chicken feed. A possible
strategy for control. Epidemiol. Infect. 100(1):43—49. doi:10.1017/
$0950268800065547

Koyuncu, S., M. G. Andersson, C. Lofstrom, P. N. Skandamis, A.
Gounadaki, J. Zentek, and P. Higgblom. 2013. Organic acids for
control of Salmonellain different feed materials. BMC Vet. Res.
9(1):81. doi:10.1186/1746-6148-9-81.

Line, J. E., and J. S. Bailey. 2006. Effect of on-farm litter acidification
treatments on Campylobacter and Salmonella populations in com-
mercial broiler houses in northeast Georgia. Poult. Sci. 85(9):1529—
1534. d0i:10.1093/ps/85.9.1529

Matlho, G., S. Himathongkham, H. Riemann, and P. Kass. 1997.
Destruction of Salmonella Enteritidis in poultry feed by com-
bination of heat and propionic acid. Avian Dis. 41(1):58-61.
doi:10.2307/1592443

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(5):607-625. doi:10.3201/
€id0505.990502

Payne, J. B., J. A. Osborne, P. K. Jenkins, and B. W. Sheldon. 2007.
Modeling the growth and death kinetics of salmonella in poultry
litter as a function of pH and water activity. Poult. Sci. 86(1):191-
201. doi:10.1093/ps/86.1.191

Pope, M. J., and T. E. Cherry. 2000. An evaluation of the presence of
pathogens on broilers raised on poultry litter treatment-treated lit-
ter. Poult. Sci. 79(9):1351-1355. d0i:10.1093/ps/79.9.1351

Sun, H., Y. Pan, Y. Zhao, W. A. Jackson, L. M. Nuckles, I. L. Malkina, V.
E. Arteaga, and F. M. Mitloehner. 2008. Effects of sodium bisulfate
on alcohol, amine, and ammonia emissions from dairy slurry. J. En-
viron. Qual. 37(2):608-614. doi:10.2134/jeq2006.0446

Varga, C., D. L. Pearl, S. A. McEwen, J. M. Sargeant, E Pollari, and
M. T. Guerin. 2013. Incidence, distribution, seasonality, and demo-
graphic risk factors of Salmonella Enteritidis human infections
in Ontario, Canada, 2007-2009. BMC Infect. Dis. 13(1):212.
doi:10.1186/1471-2334-13-212

Williams, Z. T., J. P. Blake, and K. S. Macklin. 2012. The effect of so-
dium bisulfate on Salmonella viability in broiler litter. Poult. Sci.
91(9):2083-2088. d0i:10.3382/ps.2011-01976


https://www.knowthefactsmmj.com/wp-content/uploads/2020/01/64ER20-7/Microbial/1-Bacteriological-Analytical-Manual-BAM_Ch5_-Salmonella-_-FDA.pdf
https://www.knowthefactsmmj.com/wp-content/uploads/2020/01/64ER20-7/Microbial/1-Bacteriological-Analytical-Manual-BAM_Ch5_-Salmonella-_-FDA.pdf
https://www.knowthefactsmmj.com/wp-content/uploads/2020/01/64ER20-7/Microbial/1-Bacteriological-Analytical-Manual-BAM_Ch5_-Salmonella-_-FDA.pdf
https://www.knowthefactsmmj.com/wp-content/uploads/2020/01/64ER20-7/Microbial/1-Bacteriological-Analytical-Manual-BAM_Ch5_-Salmonella-_-FDA.pdf
https://doi.org/10.1093/cid/ciu067
https://doi.org/10.4315/0362-028x.Jfp-15-320
https://doi.org/10.3382/ps.0650704
https://doi.org/10.1086/342885
https://doi.org/10.2903/j.efsa.2014.3731
https://doi.org/10.1093/jaoacint/qsaa005
https://doi.org/10.1093/cid/cis051
https://doi.org/10.3382/ps/pey212
https://doi.org/10.1017/s0950268800065547
https://doi.org/10.1017/s0950268800065547
https://doi.org/10.1186/1746-6148-9-81
https://doi.org/10.1093/ps/85.9.1529
https://doi.org/10.2307/1592443
https://doi.org/10.3201/eid0505.990502
https://doi.org/10.3201/eid0505.990502
https://doi.org/10.1093/ps/86.1.191
https://doi.org/10.1093/ps/79.9.1351
https://doi.org/10.2134/jeq2006.0446
https://doi.org/10.1186/1471-2334-13-212
https://doi.org/10.3382/ps.2011-01976

