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Executive summary

Scope and objectives

In response to a request from the 52nd Session of the Codex Committee on Food 
Hygiene (CCFH), the FAO/WHO Joint Expert Meetings on Microbiological 
Risk Assessment (JEMRA) convened a meeting in Geneva, Switzerland from 12 to 16 
September 2022, to collate and assess the most recent scientific information 
relating to the control of non-typhoidal (NT)-Salmonella spp. in chicken meat, 
including a review of the Codex Guidelines for the Control of Campylobacter 
and Salmonella in Chicken Meat (CXG 78-2011).1 The group of subject matter 
experts reviewed the available data on NT Salmonella spp. control in the broiler 
production chain, including scientific literature published since 2008 and 
data submitted in response to a call for data for this meeting. The experts: 1) 
determined the extent to which various control measures, good hygiene practices 
(GHPs) or hazard-based control measures (targeted to reduce NT-Salmonella 
spp.), provided adequate evidence for assessing their efficacy; 2) evaluated the 
impact or efficacy of control measures relevant to NT-Salmonella spp. in the 
broiler production chain, noting the variability of the impact reviewed and 
recommended revisions to the Guidelines for the Control of Campylobacter and 
Salmonella in Chicken Meat (CXG 78-2011), Paragraphs 1 to 114, based on the 
evidence currently available (Annex 3).

Based on evaluation criteria such as the number, quality, applicability and 
representativeness of reports and research on a particular intervention available 
for screening, many control measures lacked sufficient evidence to allow the 
experts to assess their effectiveness.

Conclusions

The expert consultation noted that no single control measure was sufficiently 
effective in reducing either the prevalence or the level of contamination of broilers 
and poultry meat with NT-Salmonella spp. Instead, it was emphasized that 
control strategies based on multiple intervention steps (multiple or multi-hurdle) 
would have the greatest impact on controlling NT-Salmonella spp. in the broiler 

1     https://www.fao.org/fao-who-codexalimentarius/sh-proxy/de/?lnk=1&url=https%253A%25 
2F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXG%2B78-201 
1%252FCXG_078e.pdf

https://www.fao.org/fao-who-codexalimentarius/sh-proxy/de/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXG%2B78-2011%252FCXG_078e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/de/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXG%2B78-2011%252FCXG_078e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/de/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXG%2B78-2011%252FCXG_078e.pdf
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production chain. 

The expert consultation concluded the following:

Primary production interventions for the control of NT-Salmonella spp.

Biosecurity and management approaches for the control of NT-
Salmonella spp.

• At all levels of farm production, stringent biosecurity measures including 
sanitation and hygiene are important factors for preventing and controlling 
NT-Salmonella spp. in flocks.

• It is important for breeding flocks to be NT-Salmonella-free, and this begins 
at the parent/grandparent flock level and in the production environment.

Vaccination-based approaches for the control of NT-Salmonella spp.

• Vaccine-based strategies reduce the prevalence and/or level of shedding 
of NT-Salmonella spp. in flocks but do not eliminate NT-Salmonella spp.

Antimicrobial approaches for the control of NT-Salmonella spp.

• There was no strong evidence that the use of substances with antimicrobial 
activity, such as additives in feed and water, resulted in effective control 
of NT-Salmonella spp. in broilers.

Competitive exclusion/probiotic approaches for the control of NT-
Salmonella spp.

• A promising strategy for NT-Salmonella spp. control was a combination 
of different competitive exclusion products (e.g. probiotics and prebiotics), 
but there was a limited number of published studies using naturally 
contaminated chicks and/or under commercial conditions to allow adequate 
conclusions to be drawn.

Feed and water characteristics and management approaches for the 
control of NT-Salmonella spp.

• The efficacy of specific feed- and water-based strategies were study-specific 
and dependent upon the physiological status of both the pathogen 
and the animal, the broiler gastrointestinal tract environment, the 
concentration of the additive, and the method for its application. 

• The use of feed modifications, including the acidification of feed and water, 
are not stand-alone hazard-based control measures for the control of 
NT-Salmonella spp. in poultry. However, feed-based strategies, when 
used in conjunction with good hygiene practices, may further reduce 
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NT-Salmonella spp. in poultry.

• Based on the information available, further studies are needed to assess 
how extensive scale application of modified feed and management 
approaches could impact NT-Salmonella spp. levels

Bacteriophage-based approaches for the control of NT-Salmonella spp. 

• There is limited information as to the effectiveness of bacteriophage-based 
control of NT-Salmonella spp. at the farm level. Further research is needed, 
especially on the long-term efficacy of bacteriophage-based control.

Processing interventions for the control of NT-Salmonella spp.

• Good hygienic practices are important in minimizing the risk of NT-Salmonella 
spp. contamination during slaughter and processing.

• The effect of processing interventions on NT-Salmonella spp. is influenced by 
a variety of conditions, including but not limited to the characteristics of the 
NT-Salmonella strain, pH, agent concentration, temperature, contact time, 
absorbed dose, product characteristics, and processing parameters.

• There was extensive information on the use of water additives, but the current 
scientific literature is not sufficient to draw objective conclusions regarding 
the effectiveness of some of them. However, chlorine-based compounds 
and organic acids (lactic acid, peracetic acid (PAA), and acidified chlorate 
solutions) showed potential effectiveness.

• High pressure processing may be effective in reducing NT-Salmonella spp. in 
poultry meat.

• An extensive body of scientific evidence suggested that ionizing radiation 
can achieve any level of NT-Salmonella spp. reduction from pasteurization to 
complete sterility.

• Other interventions or combinations of interventions, including but not 
limited to novel additives, thermal processes and physical treatments applied 
to the meat, still require further refinement.

Post-processing interventions for the control of NT-Salmonella spp.

• Control measures applied during processing may extend shelf-life and control 
the growth of NT-Salmonella spp. at the retail or consumer level; however, 
the literature in this area is sparse and the application of post-processing 
interventions needs further examination to assess its feasibility.

• Emphasis should be placed on encouraging a positive food safety culture 
through human behaviour and consumer education as it applies to transport, 
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storage, handling and cooking practices.

The experts highlighted several paragraphs in the Guidelines for the Control of 
Campylobacter and Salmonella in Chicken Meat (CXG 78-2011) that could benefit 
from an update (Annex 2).

Other factors considered by the expert panel that have the potential to impact 
NT-Salmonella spp. control strategies in the future included changes in 
climate, human behaviour and awareness, and interactions between pathogens 
and their hosts; innovations in the broiler value chain; and improvements 
in food safety culture. With the advent of next generation technologies and 
methodologies, including machine learning, omics, tools for traceability and a 
better understanding of the interactions between Salmonella and the microbiome 
circulating in food systems will lead to more accurate quantitative microbial risk 
assessments (QMRA) and improved One Health.
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Introduction 

1.1      REQUEST FROM CODEX 

Salmonellosis and campylobacteriosis are among the most frequently reported 
foodborne diseases worldwide (EFSA and ECDC, 2021; Havelaar et al., 2015; 
Tack et al., 2019). In response to the requests from Codex for scientific advice, 
FAO and WHO have undertaken a risk assessment of foodborne pathogens in 
several foods since 1999 (FAO and WHO, 1999). The Joint FAO/WHO Expert 
Meetings on Microbiological Risk Assessment (JEMRA) has previously evaluated 
Salmonella spp. in eggs and broiler chickens (FAO and WHO, 2002a, 2002b), 
powdered infant formula (FAO and WHO, 2006a), chicken meat (FAO and 
WHO, 2009a), bivalve molluscs, and beef and pork (FAO and WHO, 2016), to 
inform risk assessments and recommend effective interventions for the control 
of this foodborne pathogen. For Campylobacter spp., JEMRA has conducted risk 
assessments on broiler chickens (FAO and WHO, 2008, 2009b) and evaluated the 
intervention measures being used in the production of chicken meat (FAO and 
WHO, 2009a).

In its report on the global burden of foodborne disease, WHO estimated that in 
2010, foodborne NT-Salmonella enterica caused more than 78 million cases of 
illness, 59 153 deaths, and nearly 4 068 000 Disability Adjusted Life Years (DALYs)
(Havelaar et al., 2015). While there are numerous potential vehicles of transmission, 
commercial poultry meat has been identified as one of the most important food 
vehicles for NT-Salmonella spp. 

At its 52nd session in 2022, the Codex Committee on Food Hygiene (CCFH) 
requested that JEMRA collate relevant scientific information on Salmonella 
and Campylobacter in chicken meat in preparation for a potential update of the 

1
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existing Guidelines for the Control of Campylobacter and Salmonella in Chicken 
Meat (CXG 78-2011).

To meet the request of the CCFH, FAO and WHO convened this expert meeting 
on the pre- and post-harvest control of non-typhoidal Salmonella spp. in poultry 
meat, from 12 to 16 September 2022 at the WHO headquarters, Geneva. The goal 
of the meeting was to gather and evaluate recent data, evidence and scientific 
opinions on the topic.

1.2      CONSUMPTION AND PRODUCTION

1.2.1 Global consumption of poultry

According to FAO, the global poultry population was 27.9 billion head in 2019, 
with chickens accounting for 93 percent. The number of chickens worldwide has 
more than doubled since 1990, with poultry accounting for more than 40 percent 
of all meat produced (OECD and FAO, 2021).

The global consumption of meat protein is also projected to increase by 14 percent 
by 2030, the exceeding 2018–2020 projections, and the Agricultural Outlook 
2021-2030 suggests that the global meat supply will continue to expand over the 
next projection period, reaching 374 million tonnes by 2030 (OECD and FAO, 
2021). In addition, Africa produced a total of 5.7 million tonnes of chicken meat 
in 2018, an increase of 4.2 percent compared with 2017 (Poultry World, 2020). 
This expansion is driven by production in China, the Americas and Africa. China 
alone is expected to account for the greatest increase in meat production, followed 
by Brazil and the United States of America. Poultry protein availability is expected 
to grow by 17.8 percent due to its relative affordability for mid-income consumers 
who can afford a more diverse meat basket. International trade has also helped 
improve access to poultry worldwide with trade in Asia and the Middle East 
where demand has outpaced production.

Factors influencing meat consumption include population growth and demographics, 
urbanization, income, price, cultural norms, environmental aspects, animal welfare 
and health. Other reasons for growth in poultry as a commodity are explained by 
the maturity rate of birds, which is significantly shorter than other meat-producing 
animals, the ability to raise birds in small areas, which can help in raising the 
quality of life for lower income families, and the increased demand based on the 
population growth and income level. As the primary drivers are linked to population 
growth and income, the per capita meat consumption rates are expected to 
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continue to increase, including poultry consumption, reflecting the significant 
role it plays in the people’s diet. As a result of the continued growth of the poultry 
market for the foreseeable future, it is necessary to review best practices in poultry 
production from hatching to final product to help ensure the safety and quality of 
this important protein for the world’s population. 

1.2.2 Intensification of production to meet growing needs 

With a growing worldwide population, there is an increased need for animal 
protein. In many high-income countries, poultry production has been intensified 
by increasing farm and flock sizes, developing specific and rapidly growing 
chicken breeds, creating a global supply of parental stock, and investing in optimal 
feeding (Shaoting et al., 2021; Jeni et al., 2021). Typically, these commercial farms 
receive day-old chicks, raise them to maturity and transport them to an abattoir. 
In many low- and middle-income countries, small to medium-size enterprises, 
backyard farming and live-bird markets still dominate domestic poultry meat 
production (Delabouglise et al., 2019; Wong et al., 2017). These less intensive 
poultry production systems rarely apply strict biosecurity and good husbandry 
practices. Biosecurity is a challenge for the entire poultry production industry, but 
especially when birds are raised in backyard systems and sold at live-bird markets. 
Education and motivation of farmers in management and biosecurity are crucial 
for successful intensification.

In the commercial systems, market forces such as demand for organic products, 
animal welfare considerations, diversification of parental stock, and housing 
requirements need to be considered when designing Salmonella control strategies. 
Such control strategies should be designed, implemented and monitored taking 
into account the specific production conditions of the business operation. 

1.3      SCOPE OF THIS REPORT

The purpose of this meeting was to collect, review and discuss relevant measures 
for control of non-typhoidal (NT) Salmonella spp. from primary production to 
consumption of poultry meat.

The scope of the meeting included, but was not limited to, aspects of primary 
production, processing, distribution, handling, preparation, retail and consumption 
of poultry meat. Emphasis was placed on the identification and evaluation of 
control measures to reduce salmonellosis associated with consumption of poultry 
meat, taking into consideration their effectiveness and practicalities.
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The objectives of this meeting included:

• To review publicly available literature and guidelines provided by the competent 
authorities and industry associations (e.g. compliance guidelines, code of 
practices, etc.) to assess the current state of knowledge about controlling 
NT- Salmonella spp. in poultry meat. 

• To review the mitigation/intervention measures being used at different points 
along the food chain and assess their effectiveness at reducing NT- Salmonella 
spp. in poultry meat.

1.4      LITERATURE SURVEY
A review of the available scientific literature targeting changes in knowledge since 
2008 was used to develop a bibliography. Scientific articles were only selected 
from two databases (Web of Science and PubMed), yet, as there was a need to 
consider studies published in languages other than English, data from member 
countries and expert opinions were also relied upon. 

The records from Web of Science (n = 5 695) were added into Distiller (n = 4 051), 
which contained the database of articles identified in PubMed. The function 
“Duplication Detection” was used by comparing the Title, Author and Abstract. 
A total of 1 948 duplicate articles were found. The “Smart Quarantine” feature in 
Distiller was used to remove these duplicates resulting in 5695+4051–1948 = 7798 
publications which were used to establish the database. The search was carried 
out on 1 June 2022. The keywords used for searching the literature are detailed in 
Annex 1. 

The database was further refined using a two-step process for the relevance 
screening and confirmation of the 7 798 articles. After that, 1 402 publications were 
left for the experts to review. The detail of this procedure is included in Annex 2. 

The experts made a further review of these 1 402 publications during the meeting, 
to reach a final decision on whether the literature contain control measures or 
not, and they provided the recommendation and conclusion based on these 
scientific publications and their expert opinion. The final reviewed papers are not 
necessarily cited, but are listed in the bibliography at the end of the report.

The experts relied on the following criteria to assess the articles found in the 
literature search: quality of evidence, measure of effectiveness, scalability and 
applicability, and geographical representation of the studies.
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Quality of evidence: A limited number of controlled yet experimental studies 
meet the quality threshold. Few serotypes (predominantly Salmonella Enteritidis 
or Typhimurium) have been explored in the in-feed challenge studies evaluating 
the acidification effect on Salmonella. 

The measure of effectiveness: Qualitatively, a reduction in Salmonella shedding 
based on feed acidification was very much study-specific and showed a wide 
range of variability ranging from 0 percent reduction in shedding up to 80 percent 
across selected experimental studies. Quantitatively, the impact of feed and water 
acidification on the recovery of Salmonella in poultry carcasses was not reported.

Scalability or applicability: Further studies are recommended for extensive scale 
application. 

Geographical representation of the studies: The studies were represented by 
many world regions.
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Control measures

2.1       CONTROL DURING PRIMARY PRODUCTION

2.1.1 Biosecurity and management approaches for the control of 
Salmonella spp.

The experts reviewed 63 papers and publications in the area of biosecurity and 
management and found 16 of them to be relevant. Biosecurity entails various 
measures to prevent birds from getting infected, beginning from breeder flocks 
(great grandparents, grandparents, and parents) (Cox and Pavic, 2010; Van 
Hoorebeke et al., 2010). A previously infected flock on the poultry premises is a 
risk factor for consecutive flocks. A general biosecurity plan requires a thorough 
knowledge of the various routes of transmission. In the control of NT-Salmonella 
spp., and other microbes, biosecurity is the first line of defence. Chicks may 
acquire NT-Salmonella spp. through vertical transmission within the egg, from 
externally contaminated eggs or via horizontal transmission from pre-existing or 
resident contamination on the premises, including cross-contamination or via 
feed or water (Cox and Pavic, 2010, Volkova et al., 2011). 

At all levels of flock management, contact with any potential carriers, notably 
wild birds, rodents, insects (such as beetles and flies) and humans, should be 
minimized. Poultry houses must be designed to incorporate stringent biosecurity 
measures. A pest-control strategy needs to be established and regularly evaluated. 
Persons working or visiting poultry houses need to understand the importance 
of stringent biosecurity measures. For the breeding flock, measures such as 
change-in-change-out (farm or shed-based apparel) or even shower-in-shower-out 

2
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(shower prior to and post entry to the farm) may be needed (Cox and Pavic, 
2010). 

A review of the scientific evidence for broiler chickens with outdoor access and 
the occurrence of NT-Salmonella spp. is inconclusive; however, there is conclusive 
evidence that high stocking density, larger farms, thinning and stress of birds 
can result in the increased occurrence, persistence and spread of NT-Salmonella 
spp. in poultry flocks (Volkova et al., 2011; Kloska et al., 2017; EFSA Panel on 
Biological Hazards, 2019). Movement of employees and goods between houses of 
layers and broilers are also risk factors for NT-Salmonella spread (Volkova et al., 
2011; Kloska et al., 2017; Greening et al., 2020). Successful NT-Salmonella spp. 
control includes actions taken to strengthen biosecurity measures at the breeding 
flock level, such as culling Salmonella positive flocks, and vaccination. The success 
of on-farm biosecurity enhancement policies based on their voluntary adoption 
by farmers and in particular, financial incentives or penalties for farmers could be 
necessary to facilitate the adoption of biosecurity measures.

Effective cleaning and disinfection (C&D) protocols are essential and must 
involve critical locations in broiler houses such as drinking cups, drain holes and 
floor cracks (Luyckx et al., 2015; Kloska et al., 2017). C&D protocols consist of 
different steps starting from thorough manual removal of organic material (e.g. 
manure, feed, straw, bedding), prior to cleaning with water and overnight soaking 
of the broiler house with water. After cleaning and disinfection, there needs to be 
enough time for the poultry house to dry before a new flock is introduced. For 
this intervention, the experts weighed all the available information and concluded 
the following:

For breeders, it is pivotal that breeding flocks be Salmonella-free, and this begins 
at the parent/grandparent flock level. The best approaches to ensure high quality 
flocks and progeny should include continuous monitoring to ensure Salmonella-free 
breeders and parents (Namata et al., 2009; Volkova et al., 2011).

Implementing good hygiene practices (GHPs) at the hatchery may assist in 
decreasing the transmission of NT-Salmonella spp. to progeny and ultimately to 
the final product (Cox and Pavic, 2010). 

Management on poultry farms: the experts considered that there was conflicting 
evidence regarding the use of outdoor access for flocks and its potential impact 
on the prevalence of NT-Salmonella spp. in broilers. 

The experts also concluded that one of the most important risk factors for NT-Salmonella 
spp. in broiler houses that warrants consideration is external staff with access to 
the farm. Contaminated feed is also a potential source of NT-Salmonella spp. (Le 
Bouquin et al., 2010). 
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The use of cleaning and disinfection were considered to be GHPs.

The experts also reviewed the use of economic incentives (from both a positive 
or negative perspective) as a means to enhance control of NT-Salmonella spp.. 
In particular, financial incentives or penalties for farmers could be useful in 
facilitating the adoption and maintenance of biosecurity measures.

2.1.2 Vaccination-based approaches for the control of  
NT-Salmonella spp.

The experts reviewed 16 publications on vaccination-based approaches for the 
control of NT-Salmonella spp.. 

Vaccine regimes and maternal antibody protection will ensure the health of poultry 
and decrease contamination of poultry products with foodborne pathogens. 
Vaccination against S. Gallinarum is common in some regions for targeting 
the eradication of systemic infection by this host-specific serovar. Vaccination 
against NT-Salmonella is largely limited to serovars S. Enteritidis (SE) and S. 
Typhimurium (ST). Both live (e.g. aroA-deficient) and killed vaccines have been 
developed and are employed in some regions (Groves et al., 2021). 

There are currently no commercially available inactivated vaccines against 
NT-Salmonella for oral administration. There are commercially available killed 
Salmonella vaccines for broilers and/or layers, and the administration route is an 
intramuscular injection (Neto et al., 2008). Commercially available live vaccines 
for broilers, breeders or layers can be administered either via sprays or orally. 
Inactivated NT-Salmonella spp. vaccines are available for the control of several 
serovars, mainly SE and ST, in breeders and laying hens and they may help reduce 
the presence of Salmonella in birds and in eggs; however, the results vary in terms 
of efficacy. 

Attenuated live vaccines may also offer a competitive exclusion effect and tend 
to better stimulate the cell-mediated immune system; however, a combination 
vaccine, using attenuated and killed Salmonella serovars, which stimulated both 
cell-mediated and humoral immune systems, may result in higher protection rates 
than vaccinations based on only one strategy. In addition, live vaccines may show 
cross-protection against other serovars than those included in their formulation 
(Bearson et al., 2019; Eeckhaut et al., 2018; Crouch et al., 2020). Low Salmonella 
prevalence in broiler chicks can occur due to protection acquired from vaccinated 
breeders. Farms populated with chicks from vaccinated breeders tend to have 
fewer environmental samples containing Salmonella (Armwood et al., 2019; 
Dórea et al., 2010). 
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For this intervention, the experts weighed all the available information and 
concluded the following:

The experts concluded from the evidence that vaccine-based strategies can reduce 
the prevalence and the level of shedding of NT-Salmonella spp. in birds but 
cannot necessarily eliminate the pathogen from flocks and farms. 

Thus, vaccination is considered a useful aid in addition to other control measures 
such as biosecurity and farm hygiene. Most vaccine studies target serovars 
Enteritidis and/or Typhimurium. There was limited evidence as to cross-protection 
against other serovars due to a limited number of studies on multiple serovars or 
serogroups. In addition, the available commercial vaccines primarily target the 
two abovementioned serovars, but various subunit-based vaccines with promising 
results in controlled trials are being developed. 

Vaccination of breeders (grandparents or parents) against NT-Salmonella serovars 
may be useful in lowering the risk of vertical transmission of invasive serovars 
(or strains) as well as in reducing shedding. The vaccine studies were typically 
done on breeders, although some studies have investigated broilers. Vaccination 
of broilers is not common in many countries, and it may be linked to the short 
lifespan of the bird, and to the costs of the vaccine. Another issue of concern is 
the timing of vaccination in order to avoid its potential entry into processing, 
where it could result in false positive results for the flock (WOAH, 2022b, 2022c; 
Desin et al., 2013).

2.1.3 Antimicrobial-based approaches for the control of 
NT-Salmonella spp.

The experts reviewed 42 papers, including 5 reviews, from 397 publications 
retrieved pertaining to the use of antimicrobial-based control of NT-Salmonella 
spp.

According to WHO, antimicrobials are medicines used to prevent and treat 
infections in humans, animals and plants. They include antibiotics, antivirals, 
antifungals and antiparasitic agents (WHO, 2021). For the purposes of this 
report, the term “antimicrobial” has been expanded in order to include other 
agents not considered as medicine but rather as agents that can control or inhibit 
NT-Salmonella spp. or other such pathogens.

However, antimicrobials for the control of NT-Salmonella spp. in poultry described 
in the literature include a wide group of molecules. Most of the papers refer to 
botanicals, also known as phytobiotics. Moreover, there are papers describing the 
effects of short-chain fatty acids (SCFAs) and antimicrobial peptides. 
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Among phytobiotics, essential oils are the most investigated, due to their 
antimicrobial and growth promotion properties. However, results on the 
precise mechanisms of the antimicrobial action of phytobiotics as well as the 
physiological impact of these active compounds on animal performance are 
limited. The plant extracts which are effective against pathogenic bacteria such as 
NT-Salmonella spp. include oregano (carvacrol), thyme (thymol), clove (eugenol), 
mustard (allyl isothiocyanate), cinnamon (cinnamaldehyde), and garlic (allicin) 
(Venkitanarayanan et al., 2013; Al-Mnaser et al., 2022; El-Saadony et al., 2022; 
Diaz-Sanchez et al., 2015).

SCFAs include acetic, propionic, and butyric acids. They are produced by the normal 
anaerobic intestinal flora as end products of metabolism and have both bacteriostatic 
and bactericidal effects on Gram-negative bacteria, including NT-Salmonella spp.
(El-Saadony et al., 2022). 

Antimicrobial peptides, represented by small molecules with a molecular mass of 1 
to 5 kDa, are also described in the literature because of their effect on NT-Salmonella 
spp. caused by interacting with the negatively charged membrane of the pathogen 
(Vandeplas et al., 2010).

The experts weighed the available information concerning the use of antimicrobials 
(not including antibiotics) and concluded that there was no strong evidence 
regarding the use of any products tested as efficient interventions to control 
NT-Salmonella spp. in broilers.

Should antibiotics be used?

Over the years, the way animals are raised for food, including the increased 
global demand for poultry-sourced products, has resulted in more efficient 
production practices. In tandem, these practices have resulted in greater volumes 
of antibiotics being used to maintain food animal health in intensively reared 
poultry, pigs, feedlot cattle and dairy cows. The emergence of antimicrobial 
resistance (AMR) as a major threat to human health and the dramatic social and 
economic consequences of the spread of AMR have triggered the re-evaluation of 
antimicrobial usage and led to a call for action on the part of multiple coutires to 
reduce the emergence and spread of AMR. 

Many countries have already taken action to reduce use, increase stewardship and 
oversight and ban drugs that are used in human healthcare. Poultry producers 
have come under similar pressure to reduce on-the-farm use in alignment with 
consumer and industry pressure. However, antimicrobial resistant Salmonella 
and Campylobacter strains continue to persist. Studies have found a greater 
diversity in the gene families involved in the degradation of starch, cellulose, and 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/oregano
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/cinnamaldehyde
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/allicin
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hemicellulose in chickens that did not receive antibiotic supplements compared 
with those that did (Clavijo and Flórez, 2018) This supports the hypothesis that 
antibiotic use can lead to negative effects on chickens’ health by disrupting the 
commensal microbiota of the gastrointestinal tract. The progressive increase in 
the number of multi-drug resistant bacteria and the complete ban on the use of 
antibiotics in livestock feed in the European Union, as well as the partial ban in 
the United States of America, have led to the growth of research on the use of 
alternative antimicrobial agents to combat bacterial infections in poultry  (Moyane 
et al., 2013; AccessScience, 2017; More, 2020; Pinto Ferreira et al., 2022; WOAH, 
2022a). 

Consequently, multiple countries have adopted practices for prudent and responsible 
stewardship in the therapeutic use of all antimicrobials and for the phasing out of 
antimicrobials, particularly those important for human medicine and for growth 
promotion in food animals. Examples of prudent and responsible stewardship of 
antimicrobials are included in the World Organisation for Animal Health (WOAH) 
documents as a frame of reference.

Current status on practices regarding the use of antibiotics as growth promoters 
in different countries

Australia: Five antibiotics not currently used in human medicine can be used as 
growth promoters for poultry, pigs, cattle, and sheep, while those that are used in 
human medicine are not licensed for use as animal growth promoters. 

Canada: The use of growth promotion claims on medically important antimicrobials 
(MIAs) is no longer permitted. Ionophore and coccidiostat product use has changed 
in some regions, while in others they are not considered as MIAs. 

China: All antibiotic growth promoters except herbal medicine have been banned. 

European Union: The use of antibiotics for preventative measures is illegal across 
Europe and regulations to ban the importation of meat and dairy goods produced 
using antibiotic growth promoters are pending. 

New Zealand: No banning claim has been found. If antibiotics are used in food-producing 
animals, the regulator must also be satisfied that the antibiotic will not leave 
residues above the maximum residue level in food from treated animals. 

United States of America: Medically important antimicrobials are banned; 
however, bacitracin and carbadox, which are classified as medically important by 
the WHO, are still used as growth promoters. 

Africa: In many African countries, antibiotics can be purchased over the counter, 
and in some areas, the law does not ban farmers from using antibiotics as growth 
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promoters. Although antimicrobials may be used for the treatment of diseases 
that do not target Salmonella, there are inherent risks of antimicrobial resistance 
emergence and selection of the pathogen. Therefore, the use of antimicrobials 
should not be considered a food safety recommendation (Wernicki et al., 2017; 
Clavijo et al., 2022; Hashem and Parveen, 2016; Rahman et al., 2022; Van et al., 
2020; Van den Hornert et al., 2018; Wen et al., 2022; Plata et al., 2022; USFDA, 
2012). 

Where antimicrobials are used in poultry production, the guidance from WOAH 
Terrestrial Aquatic Animal Health is recommended.

2.1.4 Bacteriophage-based approaches for the control of 
Salmonella spp. in live birds

The experts reviewed 14 publications in the area of bacterial viruses (bacteriophages) 
for the control of NT-Salmonella spp. For this intervention, the experts weighed 
all the available information and concluded the following.

Most available studies have focused on a limited number of serovars. The efficacy of 
these bacteriophages needs evaluation across several serovars to assess their true 
efficacy. There were no longitudinal studies available for bacteriophages, thereby 
limiting knowledge as to their long-term effectiveness or subsequent impact.

Bacteriophages are often strain-specific in their target thereby limiting their 
effectiveness against a diversity of NT-Salmonella spp.

Bacteriophages can be classified antimicrobial agents because of their natural 
ability to control specific bacteria by lysing cells.

Experimental studies have demonstrated that phage cocktails can reduce Salmonella 
counts in drinking water, on shavings, and on plastic surfaces on poultry farms 
(Evran et al., 2022), while other studies, some using successive dosing regimens, 
have demonstrated reductions in Salmonella colonization of the poultry gut or 
flock level reductions and have typically targeted SE or ST (Adhikari et al., 2017; 
Borie et al., 2008). 

Bacteriophages may be very effective in the elimination of specific Salmonella 
serovars and strains under specific conditions; however, based on the available 
peer-reviewed scientific literature, it could not be concluded whether bacteriophages 
can protect against NT-Salmonella spp., as the efficacy of bacteriophages varies 
according to factors such as the environment, the type of bacteriophage and how 
it is applied.

While bacteriophages may provide an effective alternative to antibiotics in the 
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future, concerns remain, as there is insufficient or limited data from studies 
with respect to bacteriophages’ stability and effectiveness, genotoxicity, oral 
toxicity, exposure of users via inhalation, irritancy to eyes and skin, safety for the 
environment and field efficacy.     

The experts also noted that few studies were carried out at the farm level, thereby 
limiting further comment as to their effectiveness as a control agent. The experts 
commented, based on their own experience, that resistance to bacteriophages can 
develop relatively fast and that a Salmonella control-based approach may only 
have transient effects. 

In conclusion, the experts considered that there is still limited information as 
to the effectiveness of bacteriophage-based control for NT-Salmonella spp. and 
further research is needed.

2.1.5 Exploitation of the microbiome of the chick and of the 
environment

Competitive exclusion/probiotic approaches for the control of NT-Salmonella spp.

The experts screened 170 publications, including 8 reviews on the use of 
competitive exclusion and probiotics for the control of NT-Salmonella spp. There 
were many studies addressing the impact of probiotics (e.g. lactic acid bacteria, 
alone or in combination with other bacteria, Bacillus spp., primarily B. subtilis, 
yeasts, primarily Saccharomyces) and prebiotics (e.g. fermented sugars) on 
Salmonella control in broilers. A few papers were found that address synbiotics 
and phytobiotics (e.g. plant extracts). Most of the studies reviewed consisted of in 
vivo trials to test the effect of products added primarily to feed, with the animal 
challenge using either SE or ST.

The impact of the control measures was assessed according to the following criteria: 
(a) no effect, (b) reduction of the prevalence of NT-Salmonella spp. and/or (c) 
reduction of the concentration of Salmonella spp. in the caeca or other organs. 

The studies reviewed a wide geographic range of countries.

The experts concluded that the most promising strategy for NT-Salmonella spp. 
control was a combination of multiple control measures (e.g. probiotics and 
prebiotics, probiotics and vaccination of parent flocks).

The experts also concluded the following:

• Studies with naturally contaminated chicks and/or under commercial conditions 
are scarce. 
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• The experts noted that there are only a few studies using novel control measures 
to prevent colonization or to reduce NT-Salmonella spp. prevalence or load in 
chicks, but the variability among the studies did not allow adequate conclusions 
to be drawn as to their potential as an intervention to control NT-Salmonella spp. 
in broilers.

Effects of the litter (environmental) microbiome

Fresh vs reused litter. While the reuse of litter is common in some poultry 
operations, it also comes with its own challenges – some growers prefer reuse, as 
the litter itself houses its own unique microbiome that contributes to the health 
of a bird. The application of control/ treatment strategies for litter reuse varies 
(poultry litter treatment (PLT), acidification, heat, etc.) (Cox and Pavic, 2010). 
At the same time, reused litter may pose a risk for bacterial pathogens, including 
NT-Salmonella spp. (Cox and Pavic, 2010). The type of litter may also impact its 
microbiome. 

In addition, fresh and reused litter were found to affect the composition of the 
gut microbiome in broiler chickens differently, especially at an early age. The 
microbiome of reused litter may serve as a competitive exclusion culture(Cox 
and Pavic, 2010). Oladeinde et al., (2022) found that reused litter can limit the 
horizontal gene transfer associated with antimicrobial resistance and may harbour 
beneficial organisms associated with biosynthesis of organic and antimicrobial 
molecules. The microbiological risk associated with recycled litter is dependent 
on the efficacy of the management system applied to inactivate residual 
microorganisms and to preserve the health of successive broiler flocks. 

The use of probiotic-based cleaning products for the microbial decontamination 
of reused litter warrants further investigation. Preliminary results suggest that 
probiotic interventions on the litter improve broilers’ caeca stability, thereby 
enhancing animal health and preventing the shedding of foodborne pathogens 
such as NT-Salmonella spp. (Clavijo and Flórez, 2018).

Litter management also has an impact beyond bird health and has the potential to 
impact the environment; in contrast, litter reuse has the potential to reduce some 
of that environmental impact.

Microbiome on competitive exclusion

There is a need to move to a holistic approach to fight NT-Salmonella spp. in the 
poultry food chain, identifying control measures promoting the circulation of 
positive microbiomes that are able to prevent pathogen colonization and spread 
both in the poultry houses (i.e. in the chicken gut, and in the environment, e.g. 
in the air, feed, drinking water, litter, etc.) and at the slaughterhouse (e.g. in the 
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air, water, food contact surfaces, etc.). The dynamics of interaction between the 
microbiomes circulating in the poultry food chain and NT-Salmonella spp. can be 
investigated using metagenomic sequencing approaches; however, more data are 
needed to understand the impact of different interventions on the microbiome, 
as are better reference databases for analysing sequencing outputs to accurately 
identify any key organisms present. 

A better understanding of the interactions between NT-Salmonella spp. and the 
gut microbiome may help to improve the design of competitive exclusion-based 
control measures (either defined or undefined microflora), prebiotics, tailor-made 
probiotics, etc. 

There should be a specific focus on the interactions between NT-Salmonella spp. 
and Campylobacter spp. in the future in order to identify new control measures for 
targeting the outcomes of the interactions. 

Longitudinal studies are needed to assess the efficacy of each control measure 
from the farm to the fork.

2.1.6 Feed and water acidification approaches for the control of 
NT-Salmonella spp.

The experts reviewed 27 publications in the area of feed and water acidification-based 
approaches for the control of NT-Salmonella spp. in chickens. Lowering feed and 
water pH through acidification can affect poultry intestinal health in multiple 
ways. Studies report improvements in the digestibility and hygienic quality of 
feed, overall gut health of chickens, and intestinal microbiome composition. Some 
acids may also have antimicrobial qualities by targeting bacterial cytoplasmic 
membranes. The activity of organic acids is variable and potentially dependent on 
the physiology of the targeted microorganism, the physiology of the bird, and the 
localized gastrointestinal tract environment (Wales et al., 2010).

A review of the data and literature on feed and water acidification showed that 
there was good geographical representation of the studies from many world 
regions. However, there were a limited number of studies that met the quality 
threshold, with few examples addressing commercial/in-field applications. The 
NT-Salmonella spp. serovars studied were primarily Enteritidis or Typhimurium, 
and it is not known if the findings can be generalized to other serovars. There was 
substantial variability in the experimental design of the studies. Variations in the 
acid type, acid form, acid dose, and the method of application were noted. Several 
studies showed that the timing and length of acid feeding also affected Salmonella 
spp. presence in the caeca qualitatively and quantitatively (Kollanoor-Johny et 
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al., 2009; Wales et al., 2013; Bourassa et al., 2018; Hernandez-Patlan et al., 2019). 
Thus, a comparative analysis across methods and approaches was not feasible. 
Reductions in NT-Salmonella spp. colonization and shedding were study-specific 
and showed a wide range of efficacy. Based on the reported information, it is not 
clear which acid concentrations and administration protocols would be practical 
for facilitating reductions in the recovery of NT-Salmonella spp. from chicken 
meat. 

Overall, the experts agreed that because of limitations to the data, further studies are 
recommended to assess the impacts of the commercial application of acid-based 
approaches. In concluding their observations, the experts did not recommend using 
feed and water acidification as a stand-alone Salmonella-reduction intervention 
at broiler farms. Nevertheless, feed and water acidification could be considered in 
conjunction with other practices as part of an integrated good hygiene programme 
to control NT-Salmonella spp. on broiler farms. 

2.1.7 Feed characteristics and management approaches for the 
control of NT-Salmonella spp.

The experts reviewed 77 publications in the area of feed characteristics and 
management approaches for the control of NT-Salmonella spp. Concomitant with 
the reduction or elimination of antimicrobial agent use on broiler farms, many 
alternatives are being assessed to promote animal health and to reduce the 
colonization of Salmonella in chickens. Chicken feed can be modified in many ways 
to achieve these goals. Tested feed modifications vary extensively, across various 
regions in the world, and can include herbal and plant supplements, food and 
fermentation by-products, yeast cell fragments, and mineral supplements, from 
a variety of unique sources, including commercial formulations. Additives can 
also vary in dose, size and format. The activity of specific modifications is variable 
and potentially dependent on the physiological status of the microorganism, the 
chicken, and its surrounding localized alimentary tract environment. A large class of 
feed additives included by-products of food production that can serve as sources 
of acids or oligosaccharides, which can exert prebiotic functions to modulate the 
intestinal microbiome and improve overall intestinal and immune health. 

The experts noted the following specific points regarding the current state of 
evidence on feed characteristics and management as a potential pre-harvest 
Salmonella intervention. There was good geographical representation of the 
studies with coverage from multiple regions. A limited number of studies met 
the quality threshold, with no field studies. The studies primarily focused 
on NT-Salmonella serovars Enteritidis and Typhimurium and it is not known 



MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT18

whether the findings can be generalized to other members of the genus. Study 
outputs to measure the impact of feed modification were given as differences 
in NT-Salmonella prevalence or concentration in caeca, feces, or other organs. 
There was considerable variation in experimental design, primarily in the type, 
form, and dose of feed modifications used. Several studies showed that the timing 
and length of feed modification had an impact on the Salmonella levels (Biloni 
et al., 2013; Cerisuelo et al., 2014; Liu et al., 2014; Donato et al., 2015). Given 
this variability, a comparative analysis of these studies was not possible, and the 
results were largely study-specific. The types of responses were variable, ranging 
from some modifications favouring the treatment group and others favouring the 
control groups. Reductions, when seen, were marginal. Despite some promising 
experimental results, it is not clear how they would translate to commercial settings, 
and it is not known which specific feed modifications/protocols would be practical 
for facilitating reductions in the recovery of NT-Salmonella in chicken meat. It 
was also noted that some feed modifications might only be applicable to intensive 
production systems, whereas others may be better suited to non-intensive production 
systems. 

Based on the information available, further studies are needed to assess how 
extensive scale application of modified feed and management approaches could 
impact NT-Salmonella spp. levels in chicken meat. The experts did not recommend 
using feed modifications as a stand-alone NT-Salmonella-reduction intervention 
on broiler farms. Nevertheless, feed modification could be considered along 
with other practices as part of an integrated good hygiene programme to control 
NT-Salmonella spp. on broiler farms.

2.1.8 Poultry transportation to slaughter

Transporting poultry to the slaughterhouse affects Salmonella shedding 
and modifies the faecal microbiota. Information routinely collected at the 
slaughterhouse is usually used to assess the effects of transport risk factors 
on deaths on arrival (DOA) and carcass rejection rates for broiler chickens 
transported to a slaughterhouse. Overall, results highlight the value of slaughter 
records to produce information useful to reduce the impact of transport risk 
factors, improve broiler chicken welfare, and improve slaughterhouse economic 
results (Averós, 2020). Broiler chicken performance, during transport, can also be 
related to road conditions, and it is difficult to evaluate the real impact of seasons 
and distances on animal welfare. Load microclimate can compromise broiler 
chicken welfare during transport, and it does not necessarily reflect significant 
losses pre- and post-slaughter (Ehuwa et al., 2021).    
The arrival of poultry at a slaughterhouse is the first step in the slaughter process 



CHAPTER 2 – CONTROL MEASURES 19

and it includes all activities from the moment the truck arrives at the slaughterhouse 
until the containers and crates are unloaded from the truck. The condition of birds at 
arrival represents the cumulative result of the state of animals on the farm, including 
husbandry, and how the birds were caught, crated and transported (EFSA Panel on 
Animal Health and Welfare, 2019). 

Factors such as transport cost, haulers, truck specifications, micro-environment 
conditions, loading density, route planning, vehicle accidents and journey length 
need to be considered and evaluated to minimize animal losses, which may have 
been underestimated in the past.  

Transportation often takes place during the day without shade or isolation, which 
can result in weight loss and increased deaths on arrival due to stress. One studied 
relied on red blood cell and white blood cell profiles, a stress index, and chicken 
performance to determine that three hours of travel resulted in the highest levels 
of stress but had no effect on body weight or mortality (Ulupi et al., 2018).

Transporting broiler chickens from farms to slaughterhouses and its potential 
impact depends on the time of day of the journey. In conclusion, the experts 
found there was limited information as to the impact of transportation on Salmonella 
associated with poultry transport. Evidence does suggest that transport has an 
effect on overall bird health from the perspective of stasis, stress, weight, etc. 
Longer transportation times had a greater impact on bird health overall (Miranda-de 
la Lama et al., 2014; Dos Santos et al., 2020; Arikan et al., 2017). The committee 
concluded that additional studies are required to better understand the impact of 
transport on bird health and Salmonella status as well as its impact on carcass and 
bird contamination and potential entry into the processing plant.

2.2       CONTROL DURING PROCESSING

Poultry processing has been continuously modified over the years to reduce 
the level of microbial contamination of the edible portion of the carcass, both 
to reduce pathogenic bacteria and to increase shelf life. Treatments applied to 
poultry carcasses or parts include water, steam, and chemical solutions. Many 
of these chemical solution studies involve the addition of organic and inorganic 
chemical compounds to water used for scalding and at various washing steps 
throughout the slaughter process. The experts noted that there were many process 
variables with these compounds, including chemistry, concentration and the 
method of application. While the full details of these process variables are beyond 
the scope of this review, there are certain generalities regarding NT-Salmonella 
spp. which can be stated based on the available scientific evidence.
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The experts noted substantial variability in experimental design, primarily in the 
type of processing conditions, methods, chemistries and concentrations used across 
the published literature. It is not clear which specific processing modifications 
would be practical for facilitating reductions in the recovery of NT- Salmonella 
spp. on all poultry carcasses and for all processing environments. 

The experts pointed out the following specific points regarding the current state 
of evidence on processing as potential Salmonella interventions.

A few controlled experimental studies meet the quality threshold. Few serovars 
(predominantly Salmonella Typhimurium) have been explored in challenge 
studies evaluating the effect on NT-Salmonella spp.

Qualitatively, a reduction in NT-Salmonella spp. concentration and occurrence 
based on process modifications was very much study-specific and showed a wide 
range of variability. Quantitatively, the impact of processing modifications on the 
recovery of NT-Salmonella spp. on poultry carcasses has been reported under 
experimental conditions. 

The experts concluded that further studies are recommended for an extensive 
scale application of these interventions. Some processing modifications may only 
be applicable to intensive production systems, while others may only be applicable 
to non-intensive production systems. The studies reviewed were represented by 
many world regions.

2.2.1 Chlorine and acid water additives

There is extensive scientific literature on the use of different chemistries in wash or 
rinse waters, including but not limited to chlorine-based compounds and organic 
acids. These chemistries are used commercially in intensive poultry processing 
in some parts of the world, based on their perceived effectiveness. The panel noted 
that collectively, the evidence supports an approximate 1 log10 reduction in 
NT- Salmonella spp. when chlorine was used in conjunction with either lactic 
acid or peracetic acid (Kataria et al., 2020; Vaddu et al., 2021; Zhang et al., 2019; 
Carpenter et al., 2011). Other acids which have been tested and shown to be 
effective include citric and propionic acids (Over et al., 2009). Caprylic acid, a 
medium-chain fatty acid, is an effective natural processing aid against 
multidrug-resistant Salmonella Heidelberg (MDR SH) in chicken products 
(Manjankattil et al., 2021). A disinfectant consisting of citric acid, lactic acid, and 
sodium dodecyl sulphate (SDS) exerted an in vitro synergistic bactericidal effect 
(Bai et al., 2022). The reductions attributable to chlorine-based compounds are, 
however, highly variable, although acidified chlorate solutions appear to be more 



CHAPTER 2 – CONTROL MEASURES 21

effective than hypochlorous acids. Concentration, pH, temperature and contact 
time were the major variables in the application of this intervention (Bauermeister 
et al., 2008).

2.2.2 Other water additives

There are many other additives for use in wash or rinse water that have been 
tested, but the current scientific literature and the expert panel considered that 
there was not sufficient information to draw objective conclusions regarding their 
effectiveness in commercial operations. Essential oils from various herbs and 
spices have been shown to be effective in some cases, as well as lauric arginate 
(Punchihewage-don et al., 2021). Sequential spraying cycles with ozonated water 
of 8 ppm reduced a heavy Salmonella load below the detectable limit on the skin 
surface and the subcutis of drumsticks, respectively. Addition of lactic acid (LA) 
was found to increase the microbial killing capacity of aqueous O3 (Megahed, 
Aldridge and Lowe, 2020). Sequential treatment with LA or gallic acid (GA) and 
atmospheric cold plasma (ACP) (a novel non-thermal technology) to inactivate 
the serovar Typhimurium resulted in synergistic interactions and a significantly 
higher level of membrane permeability and membrane lipid peroxidation in 
challenged cells (Yadav and Roopesh, 2022). The antimicrobial efficacy of 200 ppm 
of the water-soluble photosensitizer curcumin (PSC) on liquid media and chicken 
skin led to a maximum 3.6 log reduction in Salmonella spp. (Gao and Matthews, 
2020; Yadav and Roopesh, 2022).

2.2.3 High hydrostatic pressure processing

High pressure processing may be effective in controlling NT-Salmonella spp. in 
poultry meat. The effect of the technology is dependent on pressure, exposure 
time and temperature. High hydrostatic pressure processing may cause changes 
in raw poultry meat which can result in undesirable characteristics for consumers 
and requires advanced processing equipment and technical skill. 

2.2.4 Irradiation

There is an extensive body of scientific evidence on the use of ionizing radiation to 
control Salmonella spp. in poultry. The technical objective is to achieve any level 
of NT-Salmonella spp. reduction determined to be necessary, from pasteurization 
to complete sterility. The impact of the technology is dependent upon the 
absorbed dose, and the absorbed dose is affected by many parameters of the 
product and process (Gao and Matthews, 2020). Irradiation requires an advanced 
level of technical facilities and skill and is not suitable for many applications.
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2.2.5 Other interventions during processing

There were several other interventions included in the literature, including but 
not limited to direct addition of additives to the meat, bacteriophages, thermal 
processes, ultrasound, ultraviolet radiation, electrolyzed water and cold plasma. 
Some of the proposed interventions are incorporated into product packaging, 
including edible packaging materials, and packaging and pads that incorporate 
antimicrobial compounds, nanomaterials, or a modified atmosphere to provide a 
sustained effect over the distribution chain of the meat. Although several of these 
interventions show promise, the experts concluded that most still require further 
development to be consistently effective and to have their ability to be practically 
applied in the poultry industry assessed. 

The experts recommend using integrated process modifications as interventions 
for reducing the prevalence of NT-Salmonella spp. in poultry meat for consumers. 
Process modifications can be considered along with other practices, such as good 
hygiene practice to control NT-Salmonella spp. on poultry meat. The effectiveness 
of specific process modifications is variable and potentially dependent in the status 
and condition of the live birds as they are delivered to the slaughter establishment, 
the individual processing environment, and the concentration or method of 
application.

2.2.6 Good hygiene practices

Good hygiene practices (GHPs) are important in minimizing the risk of 
NT-Salmonella spp. contamination during slaughter and processing. With the 
rapid growth of the poultry industry, the growth in production directly reflects an 
increase in poultry consumption. Hygiene in poultry processing is a major issue. 
GHPs will increase the quality and shelf-life of meat by reducing contamination 
of carcasses.

Poultry meat processing is the term used by poultry industry to describe the 
conversion of live birds into raw poultry products. It is carried out in series of 
steps including receiving - stunning – bleeding and scalding - defeathering - singeing 
- washing - neck slitting and removal of feet and oil glands - evisceration - giblet 
harvest-cutting - washing - chilling. During these steps, implementing of GHPs 
helps to maintain quality and prevent the spread of foodborne pathogens such as 
NT-Salmonella spp. via poultry meat.
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Horizontal transmission, that is the introduction of infectious agents from the 
environment, including via feed, hatchery equipment, staff movements and 
contaminated farm equipment; however, this remains a key route for pathogen 
exposure. If NT-Salmonella spp. is present in chickens reared for meat, 
the likelihood that the poultry meat produced from these chickens will be 
contaminated with this organism is increased. It is important to reduce the 
potential risk of contamination at all steps in the production chain from farm to 
fork, notably during processing (EC, 2020).

Indeed, processing should include all appropriate GHPs measures to avoid 
cross-contamination between flocks during processing. The process flow should be 
designed to reduce the risk of contamination of meat with faecal matter. Respect 
for GHPs in abattoirs could play a key role in the reduction of NT-Salmonella spp. 
during poultry processing; it is then necessary to emphasize the implementation 
of effective measures/guidelines in the slaughter process. 

Several studies have indicated poor hand washing and contact with infected 
matter as some of the common contamination routes for carcass contamination 
(Mama and Alemu, 2016; Eng et al., 2015). Slaughter equipment must be cleaned 
and disinfected using appropriate schedules (e.g. end of shift, between flocks, and 
end of day).

GHPs must be applied to all points of production on the farm from transport and 
entry of the live bird into the plant to the final product (whole carcass or pieces), 
and from plant to retail and the consumer table (FAO and WHO, 2011; Mama 
and Alemu, 2016). Several studies indicated that some carcass rinse solutions can 
aid in the reduction of NT-Salmonella spp. contamination in chicken carcasses or 
pieces (Cox and Pavic, 2010). GHPs must include the training of abattoir personnel 
from the reception step to the final finished carcasses or post-processing of pieces.

In 2018, WHO provided recommendations for the control of NT-Salmonella spp. 
that cover the whole food chain from farm to fork (WHO, 2020). These efforts 
are aimed at strengthening food safety standards that enhance NT-Salmonella 
spp. surveillance efforts, educating consumers and training food handlers in 
good hygiene practices for preventing NT-Salmonella spp. and other foodborne 
diseases. Indeed, contamination depends on how healthy the food handlers are, 
their personal hygiene and their knowledge and application of food hygiene rules 
(Ehuwa et al., 2021). 
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2.3     POST-PROCESSING CONTROL OF NT-SALMONELLA 
SPP. IN POULTRY MEAT

The experts screened over 196 potential articles and reviewed 42 publications on 
post-process interventions for the control of NT-Salmonella spp. Post-processing 
interventions (encompassing transport, wholesale, retail and consumers) largely 
consist of temperature control during transport, providing cooking, handling, and 
storage guidelines, and other consumer education initiatives as well as treating 
poultry meat with agents to decrease the microbial load, thus extending the 
product shelf-life. NT-Salmonella spp. control at retail and distribution level relies 
on appropriate storage and handling. The experts noted that many agents used 
at the processing level (e.g. organic acids, or plant extracts) may also be applied 
at the retail or consumer level; however, the literature in this area is sparse 
and needs to be examined for further feasibility. When reported, the addition of 
some agents, such as organic acids, or plant extracts, can extend the shelf-life of 
cooked products. Practices such as marination in acidic or natural antimicrobial 
foods (e.g. spices) have also produced marginal reductions in NT-Salmonella spp. 
levels (Baltić et al., 2015). Post-processing physical interventions, for example, 
light-emitting diodes for cooked products may reduce levels of NT-Salmonella 
spp. but this is not encouraged as a post-processing control measure. Rather, the 
emphasis should be placed on consumer education on appropriate transport, 
storage, handling, cooking guidelines and strategies to avoid cross-contamination 
(e.g. cleaning cutting boards) (Khalid et al., 2020; Ravishankar et al., 2010; 
Roccato et al., 2015).

The experts noted the following specific points regarding the current state of 
evidence on post-processing interventions for the control of NT-Salmonella 
spp. in chicken meat. A limited number of controlled, experimental studies met 
the quality threshold. There was good geographical representation among the 
articles reviewed with multiple world regions represented. However, there was a 
lack of studies done in settings relevant to post-processing. The effectiveness of 
the interventions was presented as log changes in NT-Salmonella spp. counts on 
chicken meat following treatment (e.g. application of an aid such as essential oils 
in the packaging (Lin et al., 2019), or various time-temperature situations) (Osaili 
et al., 2013; Roccato et al., 2015)). Marginal changes in NT-Salmonella spp. counts 
were observed across some of the publications. All studies were done at laboratory 
scale with a focus on a limited number of serovars (Typhimurium, Enteritidis), 
and limited types of chicken meat (primarily raw chicken breast, or ground). 
Further studies on different types of chicken meat and in different settings (e.g. 
retail and home settings) are recommended in order to examine applicability.
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To maintain the microbiological quality of chicken meat, the experts noted 
that the transportation of chicken meat from retail to consumers is a critical 
step because of the potential for Salmonella to grow under non-refrigerated/
temperature abuse conditions. Consumer education programmes on the safe 
transport, storage, handling, and cooking of chicken meat, and measures to avoid 
cross-contamination are required for the implementation of GHPs in the home.

2.4     OTHER CONSIDERATIONS FOR CONTROL

2.4.1 Role of sampling in NT-Salmonella spp. control

Laboratory analyses of samples collected at various points during the poultry 
production and processing chain is a method both for monitoring the process as 
well as verifying the effectiveness of interventions applied throughout the poultry 
process system. The analysis of samples collected at various stages of production 
and processing do not control or mitigate NT-Salmonella spp. but serve to inform 
the decisions which may ultimately control the organism. The results of a sampling 
programme are an important part of the poultry system for identifying sources of 
variation within the system as well as areas which can be improved upon to reduce 
the prevalence of NT-Salmonella spp. (EC, 2020). 

As with many foodborne pathogens, NT-Salmonella spp. may occur at a very low 
prevalence and is not uniformly distributed within a flock or lot of a product. 
(Zweifel and Stephan, 2011; Ehuwa et al., 2021) The plan to collect samples in 
any part of the poultry system, whether it is live bird production, processing or 
distribution must take this into account. In many cases, a sampling plan may 
not have sufficient sensitivity to allow the acceptability of a given flock or lot of 
a product to be determined because of the low prevalence of the target organism 
and the operating characteristic curve of the sampling plan. 

Another factor to be considered is the sensitivity and specificity of the method 
for collecting and analysing the samples. The methods for sample collection will 
vary depending on the sampling location, but the method of collection may affect 
the outcome of the analyses. Some sample collection methods may be better 
than others at collecting representative samples (e.g. boot socks vs. drag swabs 
in poultry production facilities). The method for laboratory analysis may also 
affect the outcome, as laboratory methods differ in their respective sensitivity 
and specificity. While molecular methods of detection may be the most sensitive 
currently available, they may not be cost effective for all applications and may not 
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be accurate where population levels of the target organism are low, or there are 
interfering agents that impede analysis. In addition, molecular methods may not 
be targeted to all serovars. Many microbiological methods require some degree 
of sample enrichment, and the enrichment medium and growth conditions may 
selectively favour some NT-Salmonella serovars over others (WOAH, 2022b).

The value of the results from a sampling programme does not come from the 
individual results but from trend analysis over time. Trend analysis of the results 
over time, when combined with other operating factors, including but not 
limited to the source of the live birds, environmental conditions during rearing, 
processing parameters and distribution controls, can help to identify sources of 
variation within the system (See also Section 4.5 Traceability). Sampling points 
which demonstrate wide variation over time may be associated with other 
operating factors and together, these may help identify areas for improvement or 
the need for an additional intervention.

NT-Salmonella spp. originates primarily during the production of live birds, and 
so efforts to reduce its prevalence in live birds have the potential for the greatest 
impact on the prevalence of NT-Salmonella in the final product destined for the 
consumer. This would suggest that monitoring should be primarily focused on 
the aspects of live bird production, including breeders, hatcheries, feed and the 
grow-out environment. A sampling (monitoring) plan should focus on these 
areas, although sampling should also occur during processing and distribution as 
per the relevant state and governmental guidelines.

2.4.2 What to do with NT-Salmonella spp. in breeder flocks?

Protecting poultry flocks from microbial contamination is an extremely important 
component of commercial poultry production. The introduction of a pathogenic, 
contagious disease organism into poultry flocks could result in serious economic 
consequences for society as a whole (EC, 2020).

Good management and biosecurity can reduce the risk of introduction and 
persistence of infection to minimal levels. Salmonella control in the poultry 
breeder sector and in feed production has greatly reduced the risk from these 
sources, although contaminated feed is still one of the main routes for the 
introduction of new NT-Salmonella spp. infections onto a farm, along with 
resident hatchery contamination, personnel and other factors (e.g. rodents, 
beetles, etc.) (WOAH 2022c; EC, 2020). 

The introduction of NT-Salmonella spp. into breeder flocks raises different issues 
such as the location and characteristics of the farm (geographical, environment, 
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surrounding area), the characteristics of the strain or the serovar of Salmonella 
involved, and the routes and traceability of contamination of breeder flocks 
(identification of the source of contamination, contamination routes, type of 
transmission, vertical or horizontal, feeds, fomites, vermin, other animal species 
such wild birds) and must be managed by following appropriate guidelines and 
by applying strict biosecurity measures (quarantine, clean and disinfect poultry 
houses and remove infected vermin present on the farm, or slaughter the infected 
breeder flocks) (EC, 2020).

Animal keepers are strongly encouraged to incorporate appropriate state and 
governmental guidelines (or a modification of WOAH guidelines as appropriate) 
into their standard management practices. These guidelines must be drawn up to 
take into account that most chickens reared for meat are produced in controlled 
(temperature, air ventilation system, light) environment housing systems. The 
measures outlined in the guidelines should form the cornerstone of Salmonella 
control and, if rigorously applied, they may substantially contribute to preventing 
and controlling and help to take some decisions vis-a-vis Salmonella disease in 
flocks of chickens reared for meat production (EC, 2020).

The application of these guidelines is, however, limited to specific measures that 
would apply to free-range or small-scale rearing systems. Nevertheless, many of 
the basic principles are applicable and could be reasonably implemented (EC, 
2020).

The decision-making process, in the case of NT-Salmonella spp. in breeder 
flocks, must be based on local regulation body laws or guidelines. Several low- and 
middle-income countries are currently developing Salmonella control programmes. 
The coordinated Salmonella control programmes implemented by the European 
Union are one of the most significant in the control of zoonotic diseases. Since 
these programmes were implemented, the number of notified human cases of 
salmonellosis has decreased in the European Union.

However, prerequisite aspects are required for the effectiveness of programmes for 
Salmonella control. This approach should involve stakeholders at top government 
level and appropriate legislative bodies. The European Union took a drastic step 
to curtail the spread of Salmonella by applying extended control programmes and 
legislation that include the routes of Salmonella exposure (WHO, 2020; Zweifel 
and Stephan, 2012; EFSA, 2021; Ehuwa et al., 2021; EC, 2020; Islam et al., 2021; 
Edel, 1994; McIlroy et al., 1989).
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Review of the Code of Practice

The review committee were tasked with looking at the current code of practice 
with a view to assessing whether the current code of practice requires updates 
in light of new information or research or changes that require addressing or 
revision. 

3.1        CONTROLLING SPECIFIC SEROTYPES VS NT-
SALMONELLA SPP.

Target serovars should be defined based on their public health significance, 
reported frequency, virulence, infection route, etc. The criteria should be 
elaborated on a case-by-case basis. Source attribution studies can help to identify 
target serovars. Targeting all the serovars would be effective but needs to be 
balanced with economic considerations (EFSA, 2019; EC, 2003). 

3.2        SPECIFIC COMMENTS 

The experts evaluated the impact or efficacy of control measures relevant to 
NT-Salmonella spp. in the broiler production chain, noting the variability of the 
impacts reviewed, and recommended revisions to the Guidelines for the Control 
of Campylobacter and Salmonella in Chicken Meat (CXG 78-2011), Paragraphs 1 
to 114 based on the currently available evidence (Annex 3).

3
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Summary and synthesis

4.1       MULTI-HURDLE APPROACH NEEDED

The interventions described in this document are intended to control the levels 
of Salmonella spp. at specific steps of the chicken meat production chain. The 
scientific evidence shows they have varying efficacies and they target different 
aspects of Salmonella physiology. The implementation of multiple interventions 
(hurdles) is more effective in controlling Salmonella levels in chicken meat, as 
this approach incorporates potentially additive or synergistic effects of multiple 
pathogen reduction steps and is likely to counteract the resistance of Salmonella 
to any single intervention. 

4.2       BENEFITS OF APPLYING QMRA

There is a need to update the 2011 quantitative microbial risk assessment (the 
web-based risk management tool for the control of Salmonella and Campylobacter 
in chicken meat) refine certain steps in the model and refine the dose response 
model – including differences between serotypes and dose response (DR), including 
different parameters of DR models, providing information on key interventions, 
including the most likely log reduction and standard dose (SD) with variability 
and uncertainty (FAO and WHO, 2011) – in order to allow users to add new control 
measures to the model.

Additional guidance for risk assessors in member countries to collect data which 
are fit for this model is very useful, including the consumer stage, e.g. growth 
during storage, frequency and Salmonella transfer during cross-contamination. 

4
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4.3       CLIMATE CHANGE 

Extreme weather events and climate change may increase the spread of Salmonella, 
as it grows better at higher temperatures, potentially leading to higher concentrations 
of Salmonella in the poultry supply during the warmer months (Zdragas et al., 
2012; Mahmud et al., 2011; Li et al., 2020; Morgado et al., 2021). 

Climate change leads to extreme heat and can induce stress in chickens. It 
has emerged as a serious threat to the global poultry industry. Heat stress can 
negatively impact the growth, gut health and immune function of chickens, 
which can expose poultry to infection by several bacteria such as Salmonella spp.. 
Climate elements can have an impact on Salmonella infection at poultry farms. 
In one study humidity was noted as being the most important variable associated 
with Salmonella prevalence. 

To conclude, a suitable environment is needed to reduce Salmonella contamination. 
The ongoing vertical and horizontal spread of NT-Salmonella spp. in poultry 
infecting humans via direct contact with the environment, infected animals or 
eating contaminated animal products requires further assessment.

Food business operators need to take climate change into consideration, when 
designing and managing the production environment. 

The impact of climate on consumer handling and storage practices during 
extreme weather events also warrants consideration.

4.4      FUTURE CONSIDERATIONS

The scalability and adaptability of control measures in intensive production 
in low- and middle-income countries warrants further consideration. The 
integration between several control measures and their combined added value 
for Salmonella reduction in chicken meat during the consumer phase should be 
encouraged and investigated further. Scientific evidence is crucial for proposing 
Salmonella control measures with a coordinated One Health approach that 
involves all stakeholders. The use of next generation omics-based technologies (e.g. 
whole genome sequencing and microbiome analysis) to inform evidence-based 
source attribution, risk assessment, and ultimately informing the development of 
serotype-specific Salmonella control measures is an area of critical consideration 
for the future.

There is the opportunity to implement/promote the use of machine learning 
(artificial intelligence) to predict the Salmonella risk level associated with each 
chicken meat lot using farm to fork integrated datasets, which can be established 
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by taking advantage of: (1) automatically retrieving data systems, such as 
sensors, probes and cameras (for instance to detect vectors etc.), applicable at 
farm, transport and slaughterhouse level; (2) microbiome and whole genome 
sequencing data; and (3) production, processing and environmental data and 
metadata. 

Data analysis should be performed in an aggregated form at the national/
international level. Data provided by food business operators can be anonymized 
by the companies before making them available. Technology (data) transfers 
between countries should be encouraged as a means to enhance information 
databases and address data gaps.

4.5       TRACEABILITY, FOOD CHAIN INFORMATION AND 
BLOCKCHAIN 

The International Standards Organization (ISO, 2007) defines traceability as the 
“ability to follow the movement of a feed or food through specified stage(s) of 
production, processing and distribution”. Traceability is an important component 
of every stage of the poultry system, whether it is live birds and feed or processed 
poultry for the consumer. The ability to trace products is important not only 
from a food safety standpoint but also from an animal health perspective. As an 
example, an outbreak of highly pathogenic Avian Influenza or Newcastle disease 
would require the identification and isolation of the infected flocks as well as 
any vehicles which may have been on the production sites. A foodborne disease 
outbreak associated with poultry would also require a thorough trace-back of the 
contaminated product throughout the system. 

The fundamental principles of a traceability system include, but are not limited 
to, defining the ingredient(s) or product(s) covered, the flow of the ingredient 
through the process and the required information to establish and maintain the 
traceability system. These principles are described in a specific Codex document 
on food traceability (CAC/GL 60-2006) (FAO and WHO, 2006b). Traceability in 
the food system is also discussed in the General Principles of Food Hygiene (CXC 
1-1969) (FAO and WHO, 2011), and there is an ISO Standard on traceability in 
the feed and food chain (ISO, 2007). 

4.6       CRITICAL RESEARCH GAPS 

Virulence factors and dose response curves: The expert committee did not 
address these two issues because it was considered that the current state of the 
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science is incomplete. Therefore, these topics should be reviewed at a future date. 
The committee recognized that there were substantial differences in virulence 
both between serovars and, in some cases, within serovars, which are attributable 
to the presence or absence of specific genetic elements. In addition, the behaviour 
of serovars in the poultry host and human host differs in terms of infectious 
dose, and the health status of host. Processing and selection also likely impact 
serovar behaviour. However, at the present time, the science of the virulence of 
NT-Salmonella spp. is still evolving and it may be premature to draw conclusions 
based on current knowledge. These remain important topics and should be 
reviewed in the future. 

Reviews of the performance of interventions in natural field settings are currently 
limited and often consist of single studies which do not lend themselves well 
to comparative analysis or allow for accurate measurement of the impacts of 
interventions in the field. Further studies in these areas will likely continue and at 
a future date will warrant full review.

The need for consumer education programmes and activities is clearly required 
(from the transport of purchased products to handling them in the kitchen), but 
how to integrate the effects of education into risk assessment models requires 
further work; due to the limitation of the meeting time, it was not adequately 
covered as part of this meeting report. Therefore, the panel did not address 
consumer education as it was considered to be outside the scope of the review.

The experts also considered that ground chicken (and other raw poultry products 
that appear to be ready to eat, e.g. breaded poultry products) may not be covered 
under current codex documents and will need to be addressed under CXG 78-2011.

Another limitation of the work reviewed was that the focus remained on the 
broiler chain alone and issues regarding ducks, turkeys and other avian species 
were not considered in this review. 
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THE KEYWORDS

Table A1. The keywords used for searching the control measures of Salmonella in poultry.

Parameter Search

1 (poultry) poultry
OR chicken* 
OR hen* 
OR broiler* 
OR “Gallus gallus” 
OR “Gallus domesticus” 
OR “G gallus” 
OR “G domesticus” 
OR “Gallus gallus domesticus” 
OR “G gallus domesticus” 
OR duck*
OR turkey*
OR goose
OR geese
OR guineafowl*
OR pigeon*
OR “quail”
NOT layer*

2 (Salmonella) Salmonella

3 (intervention) intervention* 
OR antibiotic* 
OR antimicrobial* 
OR antibacterial* 
OR bacteriophage* 
OR bifidobac* 
OR biosecur* 
OR boning
OR chlorine 
OR chill* 
OR “competitive exclusion” 

Annex 1 



50 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

3 (intervention) OR contamination
OR control
OR cool* 
OR cut* 
OR debon* 
OR decontaminat* 
OR decreas* 
OR dehid* 
OR dehair*
OR disinfect* 
OR dress* 
OR efficacy
OR eviscerat* 
OR fabricat* 
OR grind* 
OR “hot water” 
OR hygiene 
OR immunis* 
OR immuniz* 
OR inactiv* 
OR irradiat* 
OR lactob*
OR “lactic acid bacteria” 
OR mitigat* 
OR pasteuriz* 
OR phage* 
OR probiotic* 
OR reduce* 
OR reducing 
OR reduction 
OR rins* 
OR skin* 
OR “sodium chlorate” 
OR spray* 
OR steam 
OR treatment* 
OR storage 
OR trial 
OR trim* 
OR vaccin* 
OR vaccum* 
OR wash* 

4 Title/Abstract (1 AND 2 AND 3)
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THE QUESTIONS FOR THE TWO-STEP RELEVANCE 
SCREENING AND CONFIRMATION

Table A2.1. Relevance screening

Question Options Key definitions

1. Does this citation 
describe research 
evaluating the efficacy 
and/or effectiveness 
(including costs 
or practicality of 
implementation) of 
interventions to control 
Salmonella in poultry 
at any stage from 
primary production to 
consumption?

Selections 1-3 will pass 
the citation to the next 
review stage and the 
article will be procured. 

口   Yes, primary research

口   Yes, systematic 
review/meta-analysis

口   Yes, risk assessment, 
risk profile, or other 
risk-based tool (e.g. 
cost-benefit analysis)

口   No or it is a narrative 
literature review on 
the subject (exclude)

Primary research is collection 
of new data in a single study.

Risk assessment is a 
scientifically-based process 
consisting of the following 
steps (i) hazard identification, 
(ii) hazard characterization, (iii) 
exposure assessment, and (iv) 
risk characterization. 

Risk profile presents the 
current state of knowledge 
relating to a food safety issue, 
describes potential options that 
have been identified to date (if 
any), and the food safety policy 
context that will influence 
further possible actions. Other 
risk-based tools could include 
cost-benefit analyses, risk 
ranking, or risk prioritizations.

Systematic review is a 
structured review of a clearly 
defined question with a 
transparent search strategy, 
relevance screening process, 
data extraction, risk-of-bias 
assessment and synthesis of 
results. Meta-analysis is a 
statistical technique that can 
be used on data collected in a 
systematic review.

Exclude research on feral 
animals (e.g. feral pigs 
not produced for human 
consumption), and in vitro lab 
experiments.
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2. What commodity is 
investigated?

口   Chicken

口   Duck

口   Turkey 

口   Goose

口   Guineafowl

口   Pigeon 

口   Quail 

口   Other

Table A2.2. Relevance confirmation

Question Options Key definitions

Did the study 
investigate 
outcomes other than 
Salmonella?

口   Yes, E. coli (generic 
and/or pathogenic 
strains)

口   Yes, Campylobacter

口   Yes, other bacteria

口   No

In what setting was 
the study carried 
out?

口   Commercial/field 
conditions

口   Research farm/pilot 
plant

口   Smallholder farm/
abattoir conditions

口   Laboratory conditions

口   Not reported

In what country 
was the study 
conducted?

口   The information is in 
the abstract, which is: 
(COMMENT)

口   Cannot tell from the 
abstract

Specify country name only 
(not sub-regions, states, 
provinces, etc.)

How many logarithm 
reductions?

口   The information is in 
the abstract, which is 
(COMMENT)

口   Cannot tell from the 
abstract

口   Other ways to 
reflect the efficiency 
(COMMENT)
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Is it at farm? 
口   Yes
口   No

What is the intervention?
口   Biosecurity/

management practices
口   Vaccination
口   Antimicrobials
口   Competitive exclusion/

probiotics
口   Feed/water 

acidification
口   Feed characteristics/

management
口   Bacteriophages 
口   Other (COMMENT) 

Antimicrobials: Examples 
include: Fluoroquinolones, 
cephalosporins, gentamicin, 
ampicillin, tetracyclines, 
spectinomycin, ciprofloxacin, 
and ceftriaxone. These may 
be administered via feed. 

Biosecurity: includes, but 
is not limited to, sanitation, 
biosafety, disinfection, 
hygiene and hygiene 
barriers, all-in-all-out 
production, depopulation, 
staff and the environment, 
litter testing and treatment, 
pest control, etc.

Competitive exclusion: 
May also be referred to 
as probiotics, prebiotics 
or synbiotics. May include 
Lactobacillus spp., 
bacteroides, Bifidobacterium 
spp., Enterococcus faecium, 
Aspergillus oryzae, and 
Saccharomyces spp. (S. 
cerevisiae, S. boulardii). May 
be caecal contents or other 
materials from animals 
or the environment that 
contain many different or 
unknown bacterial species.

Feed/water acidification: 
Addition of organic acids, 
such as lactic acid, to feed or 
water. 
Would include 
‘nutraceuticals’ such as 
copper, chromium, zinc, 
betaine or carnitine. 

Feed management: E.g. 
comparisons of coarse/
finely ground feed, 
fermented feed, or liquid 
feed. 

Segregated/logistic 
slaughter = slaughtering/ 
processing of more highly 
contaminated lots after less 
contaminated lots.

Standard processing 
procedures/good hygienic 
practices (GHP) refers to 
steps such as singeing, de-
hiding, cooling, chilling, etc.

Is it from transport 
to slaughter?
口   Yes
口   No

What is the intervention?
(COMMENT)

Is it Processing?
口   Yes
口   No

What is the intervention?
口   Segregated/logistic 

slaughter
口   Cleaning/disinfection 

of equipment/
environments

口   Carcass/product 
washes, rinses, sprays

口   Standard processing 
procedures/good 
hygienic practices 
(GHPs)

口   Irradiation
口   Modified packaging
口   bacteriophages
口   Other (COMMENT)

Is it from post-
processing to 
consumer?
口   Yes
口   No

What is the intervention?
口   (Biosecurity/

management practices
口   Vaccination
口   Antimicrobials
口   Competitive exclusion/

probiotics
口   Feed/water 

acidification
口   Feed characteristics/

management
口   Bacteriophages 
口   Other (COMMENT)
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REVIEW OF THE CODEX GUIDELINES

There is evidence that new products, e.g. frozen raw products, were the source 
of Salmonella in some recent outbreaks, so both the FAO/WHO web-based risk 
assessment model and the scope of CXG 78-2011 should be expanded to take 
account of new products that were not available during the previous development 
or review of the code.

Table A3.1. Recommended revisions to the Guidelines for the Control of Campylobacter 
and Salmonella in Chicken Meat (GXG 78-2011), as they relate specifically to 
the control of NT-Salmonella spp. 

Para.  CAC/GL 78-2011  JEMRA Recommendations 

3.  Good hygienic practice (GHP)-
based. They are generally 
qualitative in nature and are 
based on empirical scientific 
knowledge and experience. They 
are usually prescriptive and may 
differ considerably between 
countries. 

Hazard-based. They are 
developed from scientific 
knowledge of the likely level of 
control of a hazard at a step (or 
series of steps) in a food chain, 
have a quantitative base in the 
prevalence and/or concentration 
of Campylobacter or Salmonella, 
and can be validated as to their 
efficacy in hazard control at the 
step. The benefit of a hazard-
based measure cannot be exactly 
determined without a specific 
risk assessment; however, any 
significant reduction in pathogen 
prevalence and/or concentration 
is expected to provide significant 
human health benefits.

•	 To align the definition of GHPs 
with the definition provided 
within the General Principles of 
Food Hygiene (CXC 1-1969). 

•	 To consider revising the 
definition of hazard base to 
read, “ ...of Campylobacter and/
or Salmonella...; … significant 
reduction in hazard prevalence 
and/or concentration...”; and 

•	 To review the statement “any 
significant reduction in pathogen 
prevalence is expected to 
provide significant human health 
benefits”. 

Annex 3 
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Para.  CAC/GL 78-2011  JEMRA Recommendations 

9.  Scope  •	 To expand the scope to include 
ground chicken meat, organ 
meat, and chicken products 
made from comminuted meat.

Section 4. 

Definition – 
Competitive 
exclusion

Probiotics are defined as 
competitive exclusion products 
(footnote 7) 

 

•	 To consider changing the text in 
the footnote to read, “Probiotics 
may be competitive exclusion 
products”. 

•	 To verify the alignment with 
WOAH’s definition of completive 
exclusion in Chapter 6.6 

•	 To consider including a definition 
for a production lot as per the 
Guidelines on the management 
of biological foodborne 
outbreaks (For adoption at Step 
8 - Report of the 52nd session of 
the CCFH.) 

•	 Lot: A definite quantity of 
ingredients or of a food that 
is intended to have uniform 
character and quality, within 
specified limits, is produced, 
packaged and labelled under the 
same conditions, and is assigned 
a unique reference identification 
by the food business operator. 
It may also be referred to as a 
“batch”. 

18.  Food Safety Risk Profile for 
Salmonella species in broiler 
(young) chicken, June 2007. 

Food Safety Risk Profile for 
Campylobacter species in broiler 
(young) chicken, June 2007. 

•	 To verify that the links referenced 
in the footnote are current and 
active. 

•	 To evaluate paragraph 18 and to 
consider updating it, if needed. 



CHAPTER 6 – ANNEXES 57

Para.  CAC/GL 78-2011  JEMRA Recommendations 

24.   Control of Campylobacter and 
Salmonella in grandparent 
flocks is strengthened by the 
application of a combination 
of biosecurity and personnel 
hygiene measures. The particular 
combination of control measures 
adopted at a national level should 
be determined in consultation 
with relevant stakeholders. 

•	 To consider including a definition 
for biosecurity that includes 
personal hygiene.

•	 May want to align with the 
WOAH definition: https://www.
woah.org/fileadmin/Home/
eng/Health_standards/tahc/
current/glossaire.pdf. 

•	 To consider changing the text 
to read “…by the application of 
effective biosecurity measures.” 

26.   Where a flock is found to be 
Salmonella-positive a range 
of responses, detailed in the 
OIE Terrestrial Animal Health 
Code19, Chapter 6.5 “Prevention, 
Detection and Control of 
Salmonella in Poultry”, should be 
taken. 

•	 To update the WOAH reference 
“Terrestrial Animal Health 
Code, Chapter 6.6 - Prevention, 
Detection and Control of 
Salmonella in Poultry”.

29.   Only eggs from Salmonella-
negative flocks should be 
sent for hatching. When this 
is not practical, the eggs from 
Salmonella-positive flocks 
should be transported separately 
from other eggs. 

•	 To consider revising the 
guidance so that “Only eggs 
from Salmonella-negative 
flocks should be transported 
for hatching. The eggs from 
Salmonella-positive flocks 
should be transported separately 
and discarded/not used for 
propagation/handled according 
to competent authority. “

31.   Where the use of eggs from 
flocks that are known to be 
contaminated is unavoidable, 
they should be kept separate and 
hatched separately from eggs 
from other flocks. Trace back of 
contamination to the infected 
breeding flocks should be 
performed and control measures 
should be reviewed. 

•	 To verify that the guidance is 
aligned with the most recent 
version of WOAH. Several 
references identified egg 
disinfection as a means of 
reducing Salmonella in chicks 
after hatching. 

•	 A suggestion for reformulation: 
“Where the use of eggs from 
flocks that are known to be 
infected is unavoidable” (thus 
replacing the word contaminated 
with infected). 

https://www.woah.org/fileadmin/Home/eng/Health_standards/tahc/current/glossaire.pdf
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahc/current/glossaire.pdf
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahc/current/glossaire.pdf
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Para.  CAC/GL 78-2011  JEMRA Recommendations 

35.   Where the use of eggs from 
flocks that are known to be 
contaminated is unavoidable, 
they should be kept separate 
and hatched separately from 
eggs from other flocks and the 
chicks should be kept isolated 
from other flocks. Trace back of 
contamination to the infected 
breeding flocks should be 
performed and control measures 
should be reviewed. 

•	 To verify that the guidance is 
aligned with the most recent 
version of WOAH. Several 
references identified egg 
disinfection as a means of 
reducing Salmonella in chicks 
after hatching.

•	 To consider revising the text to 
read, “Where the use of eggs 
from flocks that are known to be 
infected is unavoidable”, thus 
replacing the word contaminated 
with infected. 

37.   Personnel should follow 
appropriate biosecurity 
procedures to avoid cross 
contamination of day old chicks 
during loading and unloading. 
All live bird transport crates and 
modules should be cleaned, 
disinfected and dried to the 
greatest extent practicable 
before re-use. 

•	 To consider revising the text 
to read, “All live bird transport 
trucks, crates and modules 
should be effectively cleaned, 
disinfected and dried on site to 
the greatest extent practicable, 
before reuse.” 

44.   All live bird transport crates and 
modules should be cleaned, 
disinfected and dried to the 
greatest extent practicable, 
before reuse. 

•	 To consider revising the text 
to read, “All live bird transport 
trucks, crates and modules 
should be effectively cleaned, 
disinfected and dried on site to 
the greatest extent practicable, 
before reuse.” 

46.   Flocks, where practical, should be 
slaughtered after 8-12 hours feed 
withdrawal in order to reduce the 
likelihood of contamination of 
carcasses by faecal material and 
ingesta. 

•	 To consider aligning the text 
with recent scientific studies 
on proper fasting time, which 
could reduce the goal of carcass 
contamination.

54.  Washing with abundant potable 
running water 

•	 To consider replacing potable 
water with fit-for-purpose 
water to align with CXG1-1969, 
paragraph 70. Text should be 
adjusted to fit for purpose water.
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60.    Cross contamination at 
defeathering can be minimised 
by: 

•	 To consider revising the text 
to read, “Washing carcasses 
prior to scalding can reduce 
contamination prior to 
defeathering.” 

64.   Spray applications of 20-50 
ppm chlorinated water following 
defeathering and carcass 
evisceration have been shown 
to reduce the prevalence of 
Salmonella-positive broiler 
carcasses from 34% to 26% and 
from 45% to 36% respectively. 

•	 To consider including a generic 
statement rather than specific 
processing parameters for 
paragraphs 64-73. 

•	 To also consider replacing 
references to trisodium 
phosphate (TSP) with the 
following text: “Several 
different chemistries have been 
demonstrated to be effective in 
reducing carcass contamination 
at different washing steps.” 

65.   Immersion in Tri Sodium 
Phosphate (TSP) has been 
shown to reduce prevalence of 
Salmonella- positive carcasses 
from 72% to 4% 

•	 To consider including a generic 
statement rather than specific 
processing parameters for 
paragraphs 64-73. 

66.   The inside and outside of all 
carcasses should be thoroughly 
washed, using pressure sufficient 
to remove visible contamination. 
Appropriate equipment should 
be used to ensure direct water 
contact with the carcass. The 
removal of contaminants may 
be aided by the use of brushing 
apparatus installed in line with 
the inside/outside wash. 

•	 To consider including a generic 
statement rather than specific 
processing parameters for 
paragraphs 64-73. 

68.   Inside/outside washing using 
a spray application of 20-50 
ppm chlorinated water has been 
shown to reduce the prevalence 
of Salmonella-positive broiler 
carcasses from 25% to 20%. A 
second inside/outside washing 
following upon the first resulted 
in a reduction of Salmonella-
positive broiler carcasses from 
16% to 12%. 

•	 To consider including a generic 
statement rather than specific 
processing parameters for 
paragraphs 64-73. 
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69.   An on-line reprocessing spray 
system incorporating ASC 
has been shown to reduce 
Campylobacter in the whole 
carcass rinse sample by about 
2.1 log10 CFU/ml and to reduce 
the prevalence of Salmonella- 
positive carcasses from 37% to 10%. 

•	 To consider including a generic 
statement rather than specific 
processing parameters for 
paragraphs 64-73. 

70.  Dipping carcasses in 10% TSP 
reduced Campy by 1.7 log10 
CFU/g neck skin and the MPN 
of Salmonella was reduced from 
1.92 log10 CFU neck skin to 
undetectable levels. 

•	 To consider including a generic 
statement rather than specific 
processing parameters for 
paragraphs 64-73. 

71.   The use of ASC (750ppm, pH 
2.5, spray application) has in one 
industrial setting been shown to 
reduce Salmonella prevalence 
on carcasses from about 50% 
to levels below detection. 
In another industrial setting 
Salmonella prevalence was 
reduced by 18% (700-900ppm, 
pH 2.5, spray application). 

•	 To consider including a generic 
statement rather than specific 
processing parameters for 
paragraphs 64-73. 

72.   A pre-chill ASC spray reduced 
the Salmonella prevalence 
on carcasses from 17% to 
9%. Dipping carcass parts in 
ASC reduced the Salmonella 
prevalence from 29% to 1%. 

•	 To consider including a generic 
statement rather than specific 
processing parameters for 
paragraphs 64-73. 

73.   Spray application of 8-12% TSP 
immediately before carcass 
chilling was shown to reduce 
Salmonella from 10% to 3%. 

•	 To consider including a generic 
statement rather than specific 
processing parameters for 
paragraphs 64-73. 

79.   Water (including recirculated 
water) should be potable and the 
chilling system may comprise 
of one or more tanks. Chilled 
water can be used or ice may be 
added to it. Water flow should 
be counter-current and may be 
agitated to assist cooling and 
washing action. 

•	 To consider replacing potable 
water with fit for purpose 
water to align with CXG1-1969, 
paragraph 70.
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83.   Immersion chilling in water 
treated with 20ppm or 34 
ppm chlorine or 3ppm or 5 
ppm chlorine dioxide reduced 
Salmonella prevalence from 14% 
in controls to 2% (20ppm Cl2), 5% 
(34ppm Cl2), 2% (3ppm ClO2) and 
1% (5 ppm ClO2) respectively. 

•	 To consider including a generic 
statement rather than specific 
processing parameters for 
paragraphs 83-88. 

•	 To consider revising the text 
to read “Immersion chilling in 
water treated with chemical 
disinfectants (e.g. chlorinated 
compounds, organic acids) can 
reduce Salmonella prevalence.” 

85.  The use of ASC (750 ppm, pH ≈ 
2.5, immersion dip) post-chill has 
been shown to reduce prevalence 
of Salmonella positive carcasses 
from 16% to a level below 
detection.5 

•	 To consider including a generic 
statement rather than specific 
processing parameters for 
paragraphs 83-88. 

86.   Spray applications of 20-50 ppm 
chlorinated water have been 
shown to reduce the prevalence 
of Salmonella-positive carcasses 
from 10% to 4%. 

•	 To consider including a generic 
statement rather than specific 
processing parameters for 
paragraphs 83-88. 

87.  
 A chlorine dioxide generating 
system applied as a dip at 
5ppm post-chill resulted in 15-
25% reduction in Salmonella 
prevalence.5 

•	 To consider including a generic 
statement rather than specific 
processing parameters for 
paragraphs 83-88. 

88.   Spraying carcasses immediately 
after spin chilling with 10% 
TSP resulted in a reduction of 
Salmonella from 50 to 6 % 

•	 To consider including a generic 
statement rather than specific 
processing parameters for 
paragraphs 83-88. 

•	 To consider also replacing 
references to trisodium 
phosphate (TSP) with the 
following text “Several 
different chemistries have been 
demonstrated to be effective in 
reducing carcass contamination 
at different washing steps.” 

89.   Chilled carcasses should be 
held in temperature controlled 
environments and processed 
as soon as possible, or with the 
addition of ice to minimise the 
growth of Salmonella. 

•	 To consider water and ice 
references in conjunction with 
CXG1-1969, paragraph 70. 
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92.   Chilled carcasses should be 
held in temperature controlled 
environments and processed 
as soon as possible or with the 
addition of ice to minimise the 
growth of Salmonella. 

•	 To consider water and ice 
references in conjunction with 
CXG1-1969, paragraph 70. 

97.   For GHP-based control measures 
for all aspects of transport, refer 
to the Code of Practice – General 
Principles of Food Hygiene (CAC/
RCP 1-1969) and the Code of 
Hygienic Practice for Meat (CAC/
RCP 58- 2005). 

•	 To consider water and ice 
references in conjunction with 
CXG1-1969, paragraph 70. 

Section 10.1 Step 25: Transport •	 To consider also including the 
same text for temperature under 
the transport step. “Products 
should be transported at 
temperatures preventing the 
growth of Salmonella.”

99.   Hygiene measures should 
be in place to prevent cross-
contamination between raw 
chicken meat and other food. 

•	 To consider revising the text to 
read, “Hygienic measures should 
be in place to prevent cross-
contamination between raw 
chicken meat, surfaces, utensils, 
and other food.” 

100.  Retailers should separate raw 
and cooked products. 

•	 To consider revising the text to 
read, “Retailers should separate 
raw and cooked, ready-to-eat 
products.” 

103. 

and footnote 
28 in 104. 

For GHP-based control 
measures, also refer to the 
Code of Hygienic Practice for 
Precooked and Cooked Foods 
in Mass Catering (CAC/RCP 39-
1993). 

•	 To consider updating the codes, 
CAC/RCP 39-1993 and CAC/RCP 
8-1976. 

108.  Chicken meat should be 
cooked according to a process 
that is capable of achieving at 
least a 7 log reduction in both 
Campylobacter and Salmonella. 

•	 To consider revising the text to 
read, “Chicken meat should be 
cooked according to a process 
that is capable of reaching 
an internal temperature that 
can inactivate Salmonella, for 
example 74 °C.” 
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109.  Consumer education should 
focus on handling, hand 
washing, cooking, storage, 
thawing, prevention of cross 
contamination, and prevention 
of temperature abuse. The WHO 
Five keys to safer food30 assists 
in this process. 

•	 To consider revising the text 
to read, “Consumer education 
should focus on handling, hand 
washing, cooking, storage, 
thawing, prevention of cross-
contamination, and prevention 
of temperature abuse including 
during transpor.” 

110.  Special attention should be paid 
to the education of all persons 
preparing food, and particularly 
to persons preparing food for 
the young, old, pregnant and 
immuno-compromised. 

•	 To consider revising the text to 
read, “Special attention should 
be paid to the education of all 
persons preparing food, and 
particularly to persons preparing 
food for vulnerable populations 
(e.g. the young, the elderly, 
and those with compromised 
immunity)”.

111.  The above information to 
consumers should be provided 
through multiple channels such 
as national media, health care 
professionals, food hygiene 
trainers, product labels, 
pamphlets, school curriculae and 
cooking demonstrations. 

•	 To consider revising the text to 
read, “The above information for 
consumers should be provided 
in appropriate languages and 
forms. Multiple channels such 
as the internet, media, public 
health providers, healthcare 
professionals, food hygiene 
trainers, product labels, posters 
and pamphlets, school curricula 
and cooking demonstrations 
should be considered when 
disseminating educational 
information.” 

112.  Washing of raw chicken in the 
kitchen should be discouraged so 
as to minimise the possibility of 
contamination of other foods and 
surfaces that come in contact 
with food and humans. Where 
deemed necessary washing of 
raw chicken carcasses and/or 
chicken meat, should be carried 
out in a manner which minimises 
the possibility of contamination 
of other foods and surfaces that 
come in contact with other foods 
and humans. 

•	 To consider removing the 
following text “Where deemed 
necessary, washing of raw 
chicken carcasses and/or 
chicken meat, should be carried 
out in a manner which minimizes 
the possibility of contamination 
of other foods and surfaces that 
come into contact with other 
foods and humans.” 
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114.  Products should be stored at 
temperatures preventing growth 
of Salmonella. 

•	 To consider revising the text 
to read, “Products should be 
transported and stored at 
temperatures preventing the 
growth of Salmonella.” 

115.   Chicken meat should be 
cooked according to a process 
that is capable of achieving at 
least a 7 log reduction in both 
Campylobacter and Salmonella. 

•	 To consider revising the text to 
read, “Chicken meat should be 
cooked according to a process 
that is capable of reaching 
an internal temperature that 
can inactivate Salmonella, for 
example 74 °C.” 



CHAPTER 6 – ANNEXES 65

BIBLIOGRAPHY USED FOR SCOPING REVIEW

2.1.1     Biosecurity and management approaches for the control of 
Salmonella 

Acevedo-Villanueva, K., Renu, S., Gourapura, R. & Selvaraj, R. 2021. Efficacy 
of a nanoparticle vaccine administered in-ovo against Salmonella in broilers. 
PLOS One, 16(4): e0247938.

Cox, J.M. & Pavic, A. 2010. Advances in enteropathogen control in poultry 
production. Journal of Applied Microbiology, 108(3): 745–755.

Ducatelle, R. & Van Immerseel, F. 2011. Management and sanitation procedures 
to control Salmonella in laying hen flocks. In F. Van Immerseel, Y. Nys & M. 
Bain, eds. Improving the Safety and Quality of Eggs and Egg Products: Egg 
Safety and Nutritional Quality: 146–162. Woodhead Publishing Series in 
Food Science, Technology and Nutrition. https://www.sciencedirect.com/
science/article/pii/B9780857090720500082

Gosling, R.J., Martelli, F, Wintrip, A, Sayers, A.R., Wheeler, K. & Davies R.H. 
2014. Assessment of producers’ response to Salmonella biosecurity issues 
and uptake of advice on laying hen farms in England and Wales. British Poultry 
Science, 55(5): 559–568.

Greening, S.S., Mulqueen, K., Rawdon, T.G., French, N.P. & Gates, M.C. 2020. 
Estimating the level of disease risk and biosecurity on commercial poultry 
farms in New Zealand. New Zealand Veterinary Journal, 68(5): 261–271.

Kloska, F., Casteel, M., Wilms-Schulze Kump, F. & Klein, G. 2017. Implementation 
of a Risk-Orientated Hygiene Analysis for the Control of Salmonella JAVA 
in the Broiler Production. Current Microbiology, 74: 356–364.

Koutsoumanis, K., Allende, A., Alvarez‐Ordóñez, A., Bolton, D., Bover‐Cid, S., 
Chemaly, M., De Cesare, A., Herman, L., Hilbert, F. & Lindqvist, R. 2019. 
Salmonella control in poultry flocks and its public health impact. EFSA Panel on 
Biological Hazards (EFSA BIOHAZ Panel), EFSA Journal, 17(2), p.e05596.

Annex 4 

https://www.sciencedirect.com/science/article/pii/B9780857090720500082
https://www.sciencedirect.com/science/article/pii/B9780857090720500082


66 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

Luyckx, K.Y., Van Weyenberg, S., Dewulf, J., Herman, L., Zoons, J., Vervaet, E., 
Heyndrickx, M. and De Reu, K. 2015. On-farm comparisons of different 
cleaning protocols in broiler houses. Poultry Science, 94(8): 1986–1993.

Namata, H., Welby, S., Aerts, M., Faes, C., Cortinas Abrahantes, J., Imberechts, 
H., Vermeersch, K., Hooyberghs, J., Meroc, E. & Mintiens, K. 2009. 
Identification of risk factors for the prevalence and persistence of Salmonella 
in Belgian broiler chicken flocks. Preventive Veterinary Medicine, 90(3-
4):211–222.

Pessoa, J., Rodrigues da Costa M., Nesbakken, T. & Meemken, D. (on behalf 
of the RIBMINS Cost Action). 2021. Assessment of the effectiveness of 
pre-harvest meat safety interventions to control foodborne pathogens in 
broilers: a systematic review. Current Clinical Microbiology Reports, 8: 21–
30.

Pieskus, J., Kazeniauskas, E., Butrimaite-Ambrozeviciene, C., Stanevicius, Z. 
& Mauricas, M. 2008. Salmonella incidence in broiler and laying hens with 
the different housing systems. The Journal of Poultry Science, 45 (3): 227–
231.

Santos, F.B.O., Sheldon, B.W., Santos Jr, A.A. & Ferket, P.R. 2008. Influence of 
housing system, grain type, and particle size on Salmonella colonization and 
shedding of broilers fed triticale or corn-soybean meal diets. Poultry Science, 
87(3): 405–420.

Soliman, E.S. & Abdallah, M.S. Assessment of biosecurity measures in broiler 
farms in the Suez Canal area – Egypt using a seasonal prevalence of 
salmonellosis. Veterinary World, 13(4): 622-632.

Taylor, M., Cox, W., Otterstatter, M., de With, N. & Galanis, E. 2018. Evaluation 
of agricultural interventions on human and poultry-related Salmonella 
Enteritidis in British Columbia. Foodborne Pathogens and Disease, 15(1): 
39–43.

Van Hoorebeke, S., Van Immerseel, F., De Vylder, J., Ducatelle, R., 
Haesebrouck, F., Pasmans, F., de Kruif, A. & Dewulf, J. 2010. The age of 
production system and previous Salmonella infections on-farm are risk 
factors for low-level Salmonella infections in laying hen flocks. Poultry 
Science, 89 (6): 1315–1319.

Volkova, V.V., Bailey, R.H., Hubbard, S.A., Magee, D.L., Byrd, J.A. & Robert, 
W.W. 2011. Risk factors associated with Salmonella status of broiler flocks 
delivered to grow-out farms. Zoonoses and Public Health, 58(4): 284–298.



CHAPTER 6 – ANNEXES 67

2.1.2    Vaccination-based approaches for the control of Salmonella 

Acevedo-Villanueva, K.Y., Akerele, G.O., Al Hakeem, W.G., Renu, S., 
Shanmugasundaram, R. & Selvaraj, R.K. 2021. A Novel approach against 
Salmonella: A review of polymeric nanoparticle vaccines for broilers and 
layers. Vaccines, 9(9): 1041.

Acevedo-Villanueva, K.Y., Lester, B., Renu, S., Han, Y., Shanmugasundaram, R., 
Gourapura, R. & Selvaraj, R. 2020. Efficacy of chitosan-based nanoparticle 
vaccine administered to broiler birds challenged with Salmonella. PloS one, 
15(4), p.e0231998.

Armwood, B.T., Rieth, A., Baldwin, L., Roney, C.S., Barbieri, N.L. & Logue, 
C.M. 2019. Assessing the ability of maternal antibodies to protect broiler 
chicks against colonization by Salmonella Heidelberg. Avian diseases, 63(2): 
289–293.

Bearson, S.M., Bearson, B.L., Sylte, M.J., Looft, T., Kogut, M.H. & Cai, G. 2019. 
Cross-protective Salmonella vaccine reduces cecal and splenic colonization 
of multidrug-resistant Salmonella enterica serovar Heidelberg. Vaccine, 37(1 
0): 1255–1259.

Cox, J.M. & Pavic, A. 2010. Advances in enteropathogen control in poultry 
production. Journal of Applied Microbiology, 108(3): 745-755.

Crouch, C.F., Pugh, C., Patel, A., Brink, H., Wharmby, C., Watts, A., van Hulten, 
M.C. & de Vries, S.P. 2020. Reduction in intestinal colonization and invasion 
of internal organs after challenge by homologous and heterologous serovars 
of Salmonella enterica following vaccination of chickens with a novel trivalent 
inactivated Salmonella vaccine. Avian Pathology, 49(6): 666–677.

Dórea, F.C., Cole, D.J., Hofacre, C., Zamperini, K., Mathis, D., Doyle, M.P., 
Lee, M.D. & Maurer, J.J. 2010. Effect of Salmonella vaccination of breeder 
chickens on contamination of broiler chicken carcasses in integrated poultry 
operations. Applied and Environmental Microbiology, 76(23): 7820–7825.

Eeckhaut, V., Haesebrouck, F., Ducatelle, R. & Van Immerseel, F. 2018. Oral 
vaccination with a live Salmonella Enteritidis/Typhimurium bivalent vaccine in 
layers induces cross-protection against caecal and internal organ colonization 
by a Salmonella Infantis strain. Veterinary microbiology, 218: 7–12.

Freitas Neto, O.C.D., Mesquita, A.L., Paiva, J.B.D., Zotesso, F. & Berchieri 
Júnior, A. 2008. Control of Salmonella enterica serovar Enteritidis in laying 
hens by inactivated Salmonella enteritidis vaccines. Brazilian Journal of 
Microbiology, 39: 390–396.



68 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

Groves, P.J., Williamson, S.L., Ahaduzzaman, M., Diamond, M., Ngo, M., Han, 
A. & Sharpe, S.M. 2021. Can a combination of vaccination, probiotic and 
organic acid treatment in layer hens protect against early life exposure to 
Salmonella Typhimurium and challenge at sexual maturity? Vaccine, 39(5): 
815–824.

Jawale, C.V. & Lee, J.H. 2016. Evaluation of immunogenicity and protective efficacy 
of adjuvanted Salmonella Typhimurium ghost vaccine against salmonellosis 
in chickens. Veterinary Quarterly, 36(3): 130–136.

Jiang, Y., Kulkarni, R.R., Parreira, V.R., Poppe, C., Roland, K.L. & Prescott, 
J.F. 2010. Assessment of 2 Salmonella enterica serovar Typhimurium-based 
vaccines against necrotic enteritis in reducing colonization of chickens by 
Salmonella serovars of different serogroups. Canadian Journal of Veterinary 
Research, 74(4): 264-270.

Li, Q., Ren, J., Xian, H., Yin, C., Yuan, Y., Li, Y., Ji, R., Chu, C., Qiao, Z. & Jiao, X. 
2020. rOmpF and OMVs as efficient subunit vaccines against Salmonella 
enterica serovar Enteritidis infections in poultry farms. Vaccine, 38(45): 709 
4–7099.

Nandre, R.M., Eo, S.K., Park, S.Y. & Lee, J.H. 2015. Comparison of a live attenuated 
Salmonella enteritidis vaccine candidate secreting Escherichia coli heat-labile 
enterotoxin B subunit with a commercial vaccine for efficacy of protection 
against internal egg contamination by Salmonella in hens. Canadian Journal 
of Veterinary Research, 79(3): 235–240.

Pei, Y., Parreira, V.R., Roland, K.L., Curtiss, R. & Prescott, J.F. 2014. Assessment 
of attenuated Salmonella vaccine strains in controlling experimental Salmonella 
Typhimurium infection in chickens. Canadian Journal of Veterinary Research, 
78(1): 23–30.

Taylor, M., Cox, W., Otterstatter, M., de With, N. & Galanis, E. 2018. Evaluation 
of agricultural interventions on human and poultry-related Salmonella enteritidis 
in British Columbia. Foodborne Pathogens and Disease, 15(1): 39–43.

2.1.3     Antimicrobial-based approaches for the control of 
Salmonella 

Abd El-Hack, M.E., Mahgoub, S.A., Hussein, M.M.A. & Saadeldin, I.M. 2018. 
Improving growth performance and health status of meat-type quail by 
supplementing the diet with black cumin cold-pressed oil as a natural alternative 
for antibiotics. Environmental Science and Pollution Research, 25: 1157–1167. 
Springer Link. http://doi.org/10.1007/s11356-017-0514-0 

http://doi.org/10.1007/s11356-017-0514-0


CHAPTER 6 – ANNEXES 69

Al-Mnaser, A., Dakheel, M., Alkandari, F. & Woodward, M. 2022. Polyphenolic 
phytochemicals as natural feed additives to control bacterial pathogens in 
the chicken gut. Archives of Microbiology, 204: 253. http://doi.org/10.1007/s0 
0203-022-02862-5

Alali, W.Q., Hofacre, C.L., Mathis, G.F., Faltys, G., Ricke, S.C. & Doyle, M.P. 2013.
Effect of non-pharmaceutical compounds on shedding and colonization of 
Salmonella enterica serovar Heidelberg in broilers. Food Control, 31(1): 125 
–128. http://doi.org/10.1016/j.foodcont.2012.10.001 

Alonge, E.O., Eruvbetine, D., Idowu, O.M.O., Obadina, A.O. & Olukomaiya, 
O.O. 2017. Comparing the effects of supplementary antibiotic, probiotic, and 
prebiotic on carcass composition, Salmonella counts and serotypes in droppings 
and intestine of broiler chickens. Journal of Applied Poultry Research, 5(1): 41-
50. http://doi.org/10.22069/psj.2017.11979.1214 

Bassan, J.D.L., Lovato Flôres, M., Antoniazzi, T., Bianchi. E., Kuttel, J. & Martins 
Trindade. M. 2008. Control of the infection caused by Salmonella enteritidis 
with organic acids and mannanoligosaccharide in broiler. Ciência Rural, 38 
(7): 1961–1965. http://doi.org/10.1590/S0103-84782008000700025 

Bucher, O., Fazil, A., Rajić, A., Farrar, A., Wills, R. & McEwen, S.A. 2012. Evaluating 
interventions against Salmonella in broiler chickens: applying synthesis 
research in support of quantitative exposure assessment. Epidemiology & 
Infection, 140(5): 925–945. https://doi.org/10.1017/S0950268811001373

Deblais, L., Helmy, Y.A., Kathayat, D., Huang, H., Miller, S.A. & Rajashekara, 
G. 2018. Novel imidazole and methoxybenzylamine growth inhibitors affecting 
Salmonella cell envelope integrity and its persistence in chickens. Scientific 
Reports, 8: 13381. http://doi.org/10.1038/s41598-018-31249-0 

Diaz-Sanchez, S., D’Souza, D., Biswas, D. & Hanning, I. 2015. Botanical alternatives 
to antibiotics for use in organic poultry production. Poultry Science, 94(6): 
1419–1430. http://doi.org/10.3382/ps/pev014

El-Saadony, M.T., Salem, H.M., El-Tahan, A.M., Abd El-Mageed, T.A., Soliman, 
S.M., Khafaga, A.F., Swelum, A.A. et al. 2022. The control of poultry 
salmonellosis using organic agents: an updated overview. Poultry Science, 10 
1(4): 101716. https://doi.org/10.1016/j.psj.2022.101716

El-Shall, N.A., Awad, A.M., Abd El-Hack, M.E., Naiel, M.A.E., Othman, S.I., Allam, 
A.A. & Sedeik, M.E. 2020. The simultaneous administration of a probiotic 
or prebiotic with live Salmonella vaccine improves growth performance and 
reduces fecal shedding of the bacterium in Salmonella-challenged broilers. 
Animals, 10(1): 70. http://doi.org/10.3390/ani10010070 

http://doi.org/10.1007/s00203-022-02862-5
http://doi.org/10.1007/s00203-022-02862-5
http://doi.org/10.1016/j.foodcont.2012.10.001
http://doi.org/10.22069/psj.2017.11979.1214
http://doi.org/10.1590/S0103-84782008000700025
http://doi.org/10.1038/s41598-018-31249-0
http://doi.org/10.3382/ps/pev014
https://doi.org/10.1016/j.psj.2022.101716
http://doi.org/10.3390/ani10010070


70 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

Elmi, V.A., Moradi, S., Ghazi, S. & Rahimi, M., 2020. Effects of Lactobacillus 
acidophilus and natural antibacterials on growth performance and Salmonella 
colonization in broiler chickens challenged with Salmonella enteritidis. Livestock 
Science, 233: 1871–1413. http://doi.org/10.1016/j.livsci.2020.103948

Gan, L., Fan, H., Mahmood, T. & Guo, Y. 2020. Dietary supplementation with 
vitamin C ameliorates the adverse effects of Salmonella enteritidis-challenge 
in broilers by shaping intestinal microbiota. Poultry Science, 99(7): 3663–367 
4. https://doi.org/10.1016/j.psj.2020.03.062 

Gao, Y., Zhang, X., Xu, L. Peng, H., Wang, C. & Bi, Y. 2019. Encapsulated blends of 
essential oils and organic acids improved performance, intestinal morphology, 
cecal microflora, and jejunal enzyme activity of broilers. Czech Journal of 
Animal Science, 64(5): 189–198. http://doi.org/10.17221 /172/2018-CJAS 

Haldar, S., Ghosh, T.K., Toshiwati & Bedford, M.R. 2011. Effects of yeast 
(Saccharomyces cerevisiae) and yeast protein concentrate on production 
performance of broiler chickens exposed to heat stress and challenged with 
Salmonella enteritidis. Animal Feed Science and Technology, 168(1): 61–71. 
https://doi.org/10.1016/j.anifeedsci.2011.03.007

Hamada M., Eldaim M.A., Fathalla S.I., Abalkhail A., Behiry A.E. & Alkafafy 
M. 2021. The potential impact of Moringa oleifera for diminishing the 
microbial contamination and prolonging the quality and shelf-life of chilled 
meat, Journal of Pure and Applied Microbiology 15(2): 826–838. http://doi.
org/10.22207/JPAM.15.2.37

Hamed, E.A., Abdelaty, M.F., Sorour, H.K., Elmasry, D.M.A., Abdelmagid, M.A., 
Saleh, M.A.M. & AbdelRahman, M.A.A. 2022. A pilot study on the effect of 
thyme microemulsion compared with antibiotic as treatment of Salmonella 
enteritidis in broiler. Veterinary Medicine International, 2022: e3647523. https: 
//doi.org/10.1155/2022/3647523 

Harris, C.E., Bartenfeld Josselson, L.N., Bourassa, D.V., Fairchild, B.D., 
Kiepper, B.H. & Buhr, R.J. 2019. Evaluation of drinking water antimicrobial 
interventions on water usage, feed consumption, and Salmonella retention 
in broilers following feed and water withdrawal. Journal of Applied Poultry 
Research, 28(3): 699–711. http://doi.org/10.3382/japr/pfz021 

Hatamzade Isfahani, N., Rahimi, S., Rasaee, M.J., Karimi Torshizi, M.A., Zahraei 
Salehi, T. & Grimes, J.L. 2020. The effect of capsulated and noncapsulated 
egg-yolk–specific antibody to reduce colonization in the intestine of Salmonella 
enterica ssp. enterica serovar Infantis–challenged broiler chickens. Poultry 
Science, 99(3): 1387–1394. https://doi.org/10.1016/j.psj.2019.11.019 

https://doi.org/10.1016/j.psj.2020.03.062
http://doi.org/10.17221/172/2018-CJAS
https://doi.org/10.1016/j.anifeedsci.2011.03.007
http://doi.org/10.22207/JPAM.15.2.37
http://doi.org/10.22207/JPAM.15.2.37
https://doi.org/10.1155/2022/3647523
https://doi.org/10.1155/2022/3647523
http://doi.org/10.3382/japr/pfz021
https://doi.org/10.1016/j.psj.2019.11.019


CHAPTER 6 – ANNEXES 71

Hedayati, M. & Manafi, M. 2018. Evaluation of anherbal compound, a commercial 
probiotic, and an antibiotic growth promoter on the performance, intestinal 
bacterial population, antibody titers, and morphology of the jejunum and 
ileum of broilers. Revista Brasileira de Ciencia Avicola, 20(02): 305–316. 
http://doi.org/10.1590/1806-9061-2017-0639

Hedayati, M., Khalaji, S. & Manafi, M. 2022. Lactobacilli spp. and Zataria 
multiflora essence as antibiotic substituent on broiler health and performance 
parameters. Italian Journal of Animal Science, 21(1): 1–7. http://doi.org/10.1
080/1828051X.2021.2013738 

Hernandez-Patlan, D., Solís-Cruz, B., Patrin Pontin, K., Latorre, J.D., Baxter, 
M.F.A., Hernandez-Velasco, X., Merino-Guzman, R., Méndez-Albores, 
A., Hargis, B.M., Lopez-Arellano, R. & Tellez-Isaias, G. 2019. Evaluation 
of the dietary supplementation of a formulation containing ascorbic acid 
and a solid dispersion of curcumin with boric acid against Salmonella 
enteritidis and necrotic enteritis in broiler chickens. Animals, 9(4): 184. 
http://doi.org/10.3390/ani9040184 

Hoffman-Pennesi, D. & Wu, C. 2010. The effect of thymol and thyme oil feed 
supplementation on growth performance, serum antioxidant levels, and cecal 
Salmonella population in broilers. Journal of Applied Poultry Research, 19(4): 
432–443. http://doi.org/10.3382/japr.2009-00141 

Ibrahim, D., AbdelfattahHassan, A., Badawi, M., Ahmed Ismail, T., Bendary, 
M.M., Abdelaziz, A.M., Mosbah, R.A., Ibrahim Mohamed, D., Arisha, 
A.H. & Abd ElHamid, M. 2021. Thymol nanoemulsion promoted broiler 
chicken’s growth, gastrointestinal barrier and bacterial community and 
conferred protection against Salmonella Typhimurium. Scientific Reports, 
11(7742). http://doi.org/10.1038/s41598-021-86990-w 

Kollanoor-Johny, A., Upadhyay, A., Baskaran, S.A., Upadhyaya, I., Mooyottu, 
S., Mishra, N., Darre, M.J., Khan, M.I., Donoghue, A.M., Donoghue, D.J. 
& Venkitanarayanan, K. 2012. Effect of therapeutic supplementation of the 
plant compounds trans-cinnamaldehyde and eugenol on Salmonella enterica 
serovar Enteritidis colonization in market-age broiler chickens. Journal of 
Applied Poultry Research, 21(4): 816–822. http://doi.org/10.3382/japr.2012-
00540 

Liu, S., Song, M., Yun, W., Lee, C., Kwak, W. & Han, N. 2018. Effects of oral 
administration of different dosages of carvacrol essential oils on intestinal 
barrier function in broilers. Animal Physiology and Animal Nutrition, 102(5): 
1257–1265. http://doi.org/10.1111/jpn.12944 

http://doi.org/10.1590/1806-9061-2017-0639
http://doi.org/10.1080/1828051X.2021.2013738
http://doi.org/10.1080/1828051X.2021.2013738
http://doi.org/10.3390/ani9040184
http://doi.org/10.3382/japr.2009-00141
http://doi.org/10.1038/s41598-021-86990-w
http://doi.org/10.3382/japr.2012-00540
http://doi.org/10.3382/japr.2012-00540
http://doi.org/10.1111/jpn.12944


72 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

Liu, S.D., Song, M.H., Yun, W., Lee, J.H., Kim, H.B. & Cho. J.H. 2018. Effects 
of oral administration of essential oils on anti-immune stress, antimicrobial 
properties, and repairing the intestinal damage in broilers challenged by 
lipopolysaccharide. Canadian Journal of Animal Science, 99(2): 377–383. 
http://doi.org/10.1139/cjas-2018-0055 

Machado, P.C., Beirão, B.C.B., Fernandes Filho, T., Lourenço, M.C., Joineau, 
M.L., Santin, E. & Caron, L.F. 2014. Use of blends of organic acids and 
oregano extracts in feed and water of broiler chickens to control Salmonella 
enteritidis persistence in the crop and ceca of experimentally infected birds. 
Journal of Applied Poultry Research, 23(4): 671–682. http://doi.org/10.3382/
japr.2014-00979

Mannelli, F., Minieri, S., Tosi, G., Secci, G., Daghio, M., Massi, P., Fiorentini, 
L., Galigoni, I., Lancini, S., Rapaccini, S. Antongiovanni, M., Mancini, S. 
& Buccioni, A. 2019. Effect of chestnut tannins and short chain fatty acids 
as anti-microbials and as feeding supplements in broilers rearing and meat 
quality. Animals, 9(9): 659. http://doi.org/10.3390/ani9090659 

Moreira Filho, A.L.B., Oliveira, C.J.B., Freitas Neto, O.C., de Leon, G.M.G.G., 
Saraiva M.M.S., Andrade, M.F.S., White, B. & Givisiez, P. 2018. Intra-amnionic 
threonine administered to chicken embryos reduces Salmonella enteritidis 
cecal counts and improves posthatch intestinal development. Journal of 
Immunology Research, 2018: 9795829. http://doi.org/10.1155/2018/9795829 

Park, S., Choi, J.,Jung, D., Auh, J. & Choi, Y. 2010. Effects of complex probiotics 
and antibiotics on growth performance and meat quality in broilers. Korean 
Journal for Food Science of Animal Resources, 30(3): 504–511. http://doi.org/ 
10.5851/kosfa.2010.30.3.504 

Peinado, M.J., Ruiz, R., Echávarri, A. & Rubio, L.A. 2012. Garlic derivative propyl 
propane thiosulfonate is effective against broiler enteropathogens in vivo. 
Poultry Science, 91(9): 2148–2157. https://doi.org/10.3382/ps.2012-02280

Pessoa, J., Rodrigues da Costa, M., Nesbakken, T. & Meemken, D. 2021. 
Assessment of the effectiveness of pre-harvest meat safety interventions to 
control foodborne pathogens in broilers: a systematic review. Current Clinical 
Microbiology Reports, 8: 21–30. http://doi.org/10.1007/s40588-021-00161-z

Rasouli, E. & Jahanian, R. 2019. Comparative effects of genistein and antibiotics 
on performance, meat oxidative stability, jejunal morphology, and ileal 
microbial community in broiler chicks. Animal Feed Science and Technology, 
256: 114153. https://doi.org/10.1016/j.anifeedsci.2019.03.005

http://doi.org/10.1139/cjas-2018-0055
http://doi.org/10.3382/japr.2014-00979
http://doi.org/10.3382/japr.2014-00979
http://doi.org/10.3390/ani9090659
http://doi.org/10.1155/2018/9795829
http://doi.org/10.5851/kosfa.2010.30.3.504
http://doi.org/10.5851/kosfa.2010.30.3.504
https://doi.org/10.3382/ps.2012-02280
http://doi.org/10.1007/s40588-021-00161-z
https://doi.org/10.1016/j.anifeedsci.2019.03.005


CHAPTER 6 – ANNEXES 73

Rehkopf, A.C., Byrd, J.A., Coufal, C.D. & Duong, T. 2017. Advanced oxidation 
process sanitization of hatching eggs reduces Salmonella in broiler chicks. 
Poultry Science, 96(10): 3709–3716 http://doi.org/10.3382/ps/pex166

Revolledo, L. & Ferreira, A.J.P. 2010. Salmonella antibiotic-mutant strains reduce 
fecal shedding and organ invasion in broiler chicks. Poultry Science, 89(10): 
2130–2140. http://doi.org/10.3382/ps.2010-00920

Roque-Borda, C. S., de Mesquita Souza Saraiva, M., Monte, D.F.M., Bocchini 
Rodrigues Alves, L., de Almeida, A.M., Santiago Ferreira, T., Spina de 
Lima, T., Pereira Benevides, V., Memrava Cabrera, J., Claire, S., Bagliotti 
Meneguin, A., Chorilli, M., Rogério Pavan, F., Berchieri Junior, A. & 
Festozo Vicente, E. 2022. HPMCAS-coated alginate microparticles loaded 
with Ctx(Ile(21))-Ha as a promising antimicrobial agent against Salmonella 
enteritidis in a chicken infection model. ACS Infectious Diseases, 8(3): 472–
481. http://doi.org/10.1021/acsinfecdis.1c00264 

Swaggerty, C.L., He, H., Genovese, K.J., Duke, S.E. & Kogut, M.H. 2012. Loxoribine 
pretreatment reduces Salmonella enteritidis organ invasion in 1-day-old 
chickens. Poultry Science, 91(4): 1038–1042. http://doi.org/10.3382/ps.2011-
01939

Vandeplas, S., Dubois-Dauphin, R., Beckers, Y. Thonart, P. & Théwis, A. 
2010. Salmonella in chicken: current and developing strategies to reduce 
contamination at farm level. Journal of Food Production, 73(4): 774-785. 
http://doi.org/10.4315/0362-028x-73.4.774 

Venkitanarayanan, K.A., Kollanoor-Johny, A., Darre, M.J., Donoghue, A.M. 
& Donoghue, D.J. 2013. Use of plant-derived antimicrobials for improving 
the safety of poultry products. Poultry Science, 92(2): 493–501. http://doi.
org/10.3382/ps.2012-02764 

Wales, A.D., Allen, V.M. & Davies, R.H. 2010. Chemical treatment of animal 
feed and water for the control of Salmonella. Foodborne Pathogens and 
Disease, 7(1): 3–15. http://doi.org/10.1089/fpd.2009.0373 

Wang, G., Song, Q., Huang, S., Wang, Y., Cai, S., Yu, H., Ding, X., Zeng, 
X. & Zhang, J. 2020. Effect of antimicrobial peptide microcin J25 on 
growth performance, immune regulation, and intestinal microbiota in 
broiler chickens challenged with Escherichia coli and Salmonella. Animals, 
10(2): 345. https://doi.org/10.3390/ani10020345 

http://doi.org/10.3382/ps/pex166
http://doi.org/10.3382/ps.2010-00920
http://doi.org/10.1021/acsinfecdis.1c00264
http://doi.org/10.3382/ps.2011-01939
http://doi.org/10.3382/ps.2011-01939
http://doi.org/10.4315/0362-028x-73.4.774
http://doi.org/10.3382/ps.2012-02764
http://doi.org/10.3382/ps.2012-02764
http://doi.org/10.1089/fpd.2009.0373
https://doi.org/10.3390/ani10020345


74 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

Zhou, G., Wang, J., Zhu, X., Wu, Y., Gao, M. & Shen, H. 2014. Induction of 
maggot antimicrobial peptides and treatment effect in Salmonella pullorum-
infected chickens. Journal of Applied Poultry Research, 23(3): 376–383. 
http://doi.org/10.3382/japr.2013-00804

2.1.4     Bacteriophage-based approaches for the control of 
Salmonella spp. in live birds

Adhikari, P.A., Cosby, D.E., Cox, N.A., Lee, J.H. & Kim, W.K. 2017. Effect of 
dietary bacteriophage supplementation on internal organs, fecal excretion, 
and ileal immune response in laying hens challenged by Salmonella Enteritidis. 
Poultry science, 96(9): 3264–3271.

Ahmadi, M., Karimi Torshizi, M.A., Rahimi, S. & Dennehy, J.J. 2016. 
Prophylactic bacteriophage administration more effective than post-
infection administration in reducing Salmonella enterica serovar Enteritidis 
shedding in quail. Frontiers in Microbiology, 7: 1253.

Bampidis, V., Azimonti, G., Bastos, M.D.L., Christensen, H., Dusemund, 
B., Kouba, M., Durjava, M.F., López‐Alonso, M., López Puente, S. & 
Marcon, F. 2021. Safety and efficacy of a feed additive consisting of the 
bacteriophages PCM F/00069, PCM F/00070, PCM F/00071 and PCM F/00 
097 (Bafasal®) for all avian species (Proteon Pharmaceuticals S.A.), EFSA 
Journal, 21(3): e07861.

Borie, C., Zurita, P., Sánchez, M.L., Rojas, V., Santander, J. & Robeson, J. 2008. 
Prevention of Salmonella enterica subspecie enterica serotype Enteritidis 
(Salmonella Enteritidis) infection in chickens using a bacteriophage. Archivos 
de medicina veterinaria, 40(2):197–201.

Borie, C., Albala, I., Sánchez, P., Sánchez, M.L., Ramírez, S., Navarro, C., Morales, 
M.A., Retamales, J. & Robeson, J. 2008. Bacteriophage treatment reduces 
Salmonella colonization of infected chickens. Avian diseases, 52(1): 64–67.

Clavijo, V., Morales, T., Vives-Flores, M.J. & Reyes Muñoz, A. 2022. The gut 
microbiota of chickens in a commercial farm treated with a Salmonella phage 
cocktail. Scientific Reports, 12(1): 1–16.

Evran, S., Tayyarcan, E.K., Acar-Soykut, E. & Boyaci, I.H. 2022. Applications 
of bacteriophage cocktails to reduce Salmonella contamination in poultry 
farms. Food and Environmental Virology, 14(1): 1–9.

Henriques, A., Sereno, R. & Almeida, A., 2013. Reducing Salmonella horizontal 
transmission during egg incubation by phage therapy. Foodborne Pathogens 
and Disease, 10(8): 718–722.



CHAPTER 6 – ANNEXES 75

Johnson, R.P., Gyles, C.L., Huff, W.E., Ojha, S., Huff, G.R., Rath, N.C. & 
Donoghue, A.M. 2008. Bacteriophages for prophylaxis and therapy in 
cattle, poultry and pigs. Animal Health Research Reviews, 9(2): 201–215.

Nabil, N.M., Tawakol, M.M. & Hassan, H.M. 2018. Assessing the impact of 
bacteriophages in the treatment of Salmonella in broiler chickens. Infection 
ecology & epidemiology, 8(1): 1539056.

Połaska, M. & Sokołowska, B. 2019. Bacteriophages—a new hope or a huge 
problem in the food industry. AIMS Microbiology, 5(4): 324.

Soliman, E.S., Hassan, R.A. & Farid, D.S. 2021. The efficiency of natural-
ecofriendly clay filters on water purification for improving performance and 
immunity in broiler chickens. Open Veterinary Journal, 11(3): 483–499.

Tiwari, R., Dhama, K., Kumar, A., Rahal, A. & Kapoor, S., 2014. Bacteriophage 
therapy for safeguarding animal and human health: a review. Pakistan 
Journal of Biological Sciences, 17(3): 301–315.

Wernicki, A., Nowaczek, A. & Urban-Chmiel, R. 2017. Bacteriophage therapy to 
combat bacterial infections in poultry. Virology Journal, 14(1): 1–13.

2.1.5     Exploitation of the microbiome of the chick and the 
environment 

Abd El-Hack, M.E., El-Saadony, M.T., Shafi, M.E., Alshahrani, O.A., Saghir, 
S.A.M., Al-wajeeh, A.S., Al-shargi, O.Y.A. et al. 2022. Prebiotics can 
restrict Salmonella populations in poultry: a review. Animal Biotechnology, 
33(7): 1668–1677. https://doi.org/10.1080/10495398.2021.1883637

Adeyemi, K.D., Adegoke, M.A., Mudashir, M.O., Owoyomi, F.M., Hamzat, 
T.O., Adeleke, I.A., Ibrahim, S.O. & Abdulrahman, A. 2021. Influence 
of dietary supplementation of Kigelia pinnata and Plukenetia conophora 
leaves on cytokine expression, immunoglobulins, blood chemistry, caecal 
microbiota and meat quality in broiler chickens. Poultry Science Journal, 
9(1): 27–39. https://doi.org/10.22069/psj.2021.18370.1627 

Adeyemi, K.D., Oseni, A.I. & Asogwa, T.N. 2021. Onionskin waste versus 
synthetic additives in broiler diet: influence on production indices, oxidative 
status, caecal bacteria, immune indices, blood chemistry and meat quality. 
Italian Journal of Animal Science, 20(1): 587–599. https://doi.org/10.1080/18
28051X.2021.1892545

https://doi.org/10.1080/10495398.2021.1883637
https://doi.org/10.22069/psj.2021.18370.1627


76 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

Adhikari, P., Cosby, D.E., Cox, N.A., Franca, M.S., Williams, S.M., Gogal, 
R.M., Ritz, C.W. & Kim, W.K. 2018. Effect of dietary fructooligosaccharide 
supplementation on internal organs Salmonella colonization, immune 
response, ileal morphology, and ileal immunohistochemistry in laying hens 
challenged with Salmonella Enteritidis. Poultry Science, 97(7): 2525–2533. 
https://doi.org/10.3382/ps/pey101 

Adhikari, P., Lee, C.H., Cosby, D.E., Cox, N.A. & Kim, W.K. 2019. Effect of 
probiotics on fecal excretion, colonization in internal organs and immune 
gene expression in the ileum of laying hens challenged with Salmonella 
Enteritidis. Poultry Science, 98(3): 1235–1242. https://doi.org/10.3382/ps/
pey443 

Ahiwe, E.U., Abdallh, M.E., Chang’a, E.P., Al-Qahtani, M., Omede, A.A., Graham, 
H. & Iji, P.A. 2019. Influence of autolyzed whole yeast and yeast components 
on broiler chickens challenged with Salmonella lipopolysaccharide. Poultry 
Science, 98(12): 7129-7138. https://doi.org/10.3382/ps/pez452 

Al-Khalaifa, H., Al-Nasser, A., Al-Surayee, T., Al-Kandari, S., Al-Enzi, N., Al-
Sharrah, T., Ragheb, G., Al-Qalaf, S. & Mohammed, A. 2019. Effect of 
dietary probiotics and prebiotics on the performance of broiler chickens. 
Poultry Science, 98(10): 4465-4479. https://doi.org/10.3382/ps/pez282 

Al-Zenki, S.F., Al-Nasser, A.Y., Al-Saffar, A.E., Abdullah, F.K., Al-Bahouh, 
M.E., Al-Haddad, A.S., Alomirah, H. & Mashaly, M. 2009. Effects of using 
a chicken-origin competitive exclusion culture and probiotic cultures on 
reducing Salmonella in broilers. Journal of Applied Poultry Research, 18(1): 
23–29. https://doi.org/10.3382/japr.2008-00036 

Arif, M., Akteruzzaman, Md., Tuhin-Al-Ferdous, Islam, S.S., Das, B.C., Siddique, 
M.P. & Kabir, S.M.L. 2021. Dietary supplementation of Bacillus-based 
probiotics on the growth performance, gut morphology, intestinal microbiota 
and immune response in low biosecurity broiler chickens. Veterinary and 
Animal Science, 14: 100216. https://doi.org/10.1016/j.vas.2021.100216 

Arreguin-Nava, M.A., Hernández-Patlán, D., Solis-Cruz, B., Latorre, J.D., 
Hernandez-Velasco, X., Tellez, G., El-Ashram, S., Hargis, B.M. & Tellez-
Isaias, G. 2019. Isolation and identification of lactic acid bacteria probiotic 
culture candidates for the treatment of Salmonella enterica Serovar Enteritidis 
in neonatal turkey poults. Animals, 9(9): 696. https://doi.org/10.3390/
ani9090696

https://doi.org/10.3382/ps/pey101
https://doi.org/10.3382/ps/pey443
https://doi.org/10.3382/ps/pey443
https://doi.org/10.3382/ps/pez452
https://doi.org/10.3382/japr.2008-00036
https://doi.org/10.1016/j.vas.2021.100216
https://doi.org/10.3390/ani9090696
https://doi.org/10.3390/ani9090696


CHAPTER 6 – ANNEXES 77

Ashraf, S., Bhatti, S.A., Kamran, Z., Ahmed, F. & Rahman, S.U. 2019.Assessment 
of refined functional carbohydrates as substitutes of antibiotic growth promoters 
in broilers: effects on growth performance, immune responses, intestinal 
micro-flora and carcass characteristics. Pakistan Veterinary Journal, 39(2): 
157-162. http://doi.org/10.29261/pakvetj/2019.040 

Atterbury, R.J., Hobley, L., Till, R. Lambert, C., Capeness, M.J., Lerner, 
T.R., Fenton, A.K., Barrow, P. & Sockett, R.E. 2011. Effects of orally 
administered Bdellovibrio bacteriovorus on the well-being and Salmonella 
colonization of young chicks. Applied and Environmental Microbiology, 
77(16). https://journals.asm.org/doi/10.1128/AEM.00426-11 

Azcarate-Peril, M.A., Butz, N., Cadenas, M.B., Koci, M., Ballou, A., Mendoza, 
M., Ali, R. & Hassan, H. 2018. An attenuated Salmonella enterica Serovar 
Typhimurium strain and galacto-oligosaccharides accelerate clearance 
of Salmonella infections in poultry through modifications to the gut 
microbiome. Applied and Environmental Microbiology, 84(5): e02526-17. 
https://doi.org/10.1128/AEM.02526-17 

Bae, D., Kim, D.-H., Chon, J.-W., Song, K.-Y. & Seo, K.-H. 2020. Synergistic 
effects of the early administration of Lactobacillus kefiranofaciens DN1 and 
Kluyveromyces marxianus KU140723-05 on the inhibition of Salmonella 
Enteritidis colonization in young chickens. Poultry Science, 99(11): 5999–
6006. https://doi.org/10.1016/j.psj.2020.07.032 

Basit, M.A., Kadir, A.A., Loh, T.C., Abdul Aziz, S., Salleh, A., Zakaria, Z.A. 
& Banke Idris, S. 2020. Comparative efficacy of selected phytobiotics with 
halquinol and tetracycline on gut morphology, ileal digestibility, cecal 
microbiota composition and growth performance in broiler chickens. 
Animals, 10(11): 2150. https://doi.org/10.3390/ani10112150 

Biloni, A., Quintana, C.F., Menconi, A., Kallapura, G., Latorre, J., Pixley, 
C., Layton, S. et al. 2013. Evaluation of effects of EarlyBird associated 
with FloraMax-B11 on Salmonella Enteritidis, intestinal morphology, and 
performance of broiler chickens. Poultry Science, 92(9): 2337–2346. https://
doi.org/10.3382/ps.2013-03279 

Borie, C., Sánchez, M.L., Navarro, C., RamÍrez, S., Morales, M.A., Retamales, 
J. & Robeson, J. 2009. Aerosol spray treatment with bacteriophages and 
competitive exclusion reduces Salmonella Enteritidis infection in chickens. 
Avian Diseases, 53(2): 250–254. https://doi.org/10.1637/8406-071008-Reg.1 

http://doi.org/10.29261/pakvetj/2019.040
https://journals.asm.org/doi/10.1128/AEM.00426-11
https://doi.org/10.1128/AEM.02526-17
https://doi.org/10.1016/j.psj.2020.07.032
https://doi.org/10.3390/ani10112150
https://doi.org/10.3382/ps.2013-03279
https://doi.org/10.3382/ps.2013-03279
https://doi.org/10.1637/8406-071008-Reg.1


78 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

Braukmann, M., Barrow, P.A., Berndt, A. & Methner, U. 2016. Combination of 
competitive exclusion and immunisation with a live Salmonella vaccine in 
newly hatched chickens: Immunological and microbiological effects. Research 
in Veterinary Science, 107: 34–41. https://doi.org/10.1016/j.rvsc. 2016.05.001 

Buahom, J., Siripornadulsil, S. & Siripornadulsil, W. 2018. Feeding with single 
strains versus mixed cultures of lactic acid bacteria and Bacillus subtilis KKU213 
affects the bacterial community and growth performance of broiler chickens. 
Arabian Journal for Science and Engineering, 43(7): 3417–3427. https: //doi.org/ 
10.1007/s13369-017-3045-6 

Bucher, O., Fazi, A., Rajić, A. Farrar, A. Wlls, R. & McEwen, S. 2012. Evaluating 
interventions against Salmonella in broiler chickens: applying synthesis research 
in support of quantitative exposure assessment. Epidemology & Infection, 
140(5): 925–945. http://doi.org/10.1017/S0950268811001373

Burchardt, S., Koncicki, A., Kaczorek, E., Smialek, M., Szczucińska, E., Tykałowski, 
B. & Kowalczyk, J. 2019. Evaluation of Lactobacillus spp. and yeast based 
probiotic (Lavipan) supplementation for the reduction of Salmonella Enteritidis 
after infection of broiler chickens. Polish Journal of Veterinary Sciences, 22(1): 
5-10. https://journals.pan.pl/dlibra/publication/125616/edition/109 608 

Callaway, T.R., Edrington, T.S., Byrd, J.A., Nisbet, D.J. & Ricke, S.C. 2017. Chapter 15-
Use of direct-fed microbials in layer hen production-performance response 
and Salmonella control. In: S.C. Ricke & R.K. Gast, eds. Producing Safe Eggs. 
pp. 301–322. San Diego, Academic Press. https://doi.org/10.1016/B978-0-
12-802582-6.00015-X 

Carter, A., Adams, M., La Ragione, R.M. & Woodward, M.J. 2017. Colonisation 
of poultry by Salmonella Enteritidis S1400 is reduced by combined 
administration of Lactobacillus salivarius 59 and Enterococcus faecium 
PXN-33. Veterinary Microbiology, 199: 100–107. https://doi.org/10.1016/
j.vetmic.2016.12.029 

Carvalho, E.H., Mendes, A.S., Takahashi, S.E., Assumpção, R.A.B., Bonamigo, 
D.V., Müller, D. & Sikorski, R.R. 2018. Defined and undefined commercial 
probiotics cultures in the prevention of Salmonella Enteritidis in broilers. 
Pesquisa Veterinária Brasileira, 38: 271–276. https://doi.org/10.1590/1678-
5150-PVB-4860 

Cengiz, Ö., Köksal, B.H., Tatlı, O., Sevim, Ö., Ahsan, U., Üner, A.G., Ulutaş, 
P.A. et al. 2015. Effect of dietary probiotic and high stocking density on the 
performance, carcass yield, gut microflora, and stress indicators of broilers. 
Poultry Science, 94(10): 2395–2403. https://doi.org/10.3382/ps/pev194 

https://doi.org/10.1016/j.rvsc.2016.05.001
https://doi.org/10.1007/s13369-017-3045-6
https://doi.org/10.1007/s13369-017-3045-6
http://doi.org/10.1017/S0950268811001373Evaluating
https://journals.pan.pl/dlibra/publication/125616/edition/109608
https://doi.org/10.1016/B978-0-12-802582-6.00015-X
https://doi.org/10.1016/B978-0-12-802582-6.00015-X
https://doi.org/10.1016/j.vetmic.2016.12.029
https://doi.org/10.1016/j.vetmic.2016.12.029
https://doi.org/10.1590/1678-5150-PVB-4860
https://doi.org/10.1590/1678-5150-PVB-4860
https://doi.org/10.3382/ps/pev194


CHAPTER 6 – ANNEXES 79

Chaney, W.E., Naqvi, S.A., Gutierrez, M., Gernat, A., Johnson, T.J. & Petry, D. 
2022. Dietary inclusion of a Saccharomyces cerevisiae-derived postbiotic is 
associated with lower Salmonella enterica burden in broiler chickens on a 
commercial farm in Honduras. Microorganisms, 10(3): 544. https://doi.org/ 
10.3390/microorganisms10030544 

Chang, C.H., Teng, P.Y., Lee, T.T. & Yu, B. 2019. The effects of the supplementation 
of multi-strain probiotics on intestinal microbiota, metabolites and inflammation 
of young SPF chickens challenged with Salmonella enterica subsp. enterica. 
Animal Science Journal, 90(6): 737–746. https://doi.org/10.1 111/asj.13205 

Chang, C.H., Teng, P.Y., Lee, T.T. & Yu, B. 2019. Effects of multi-strain probiotic 
supplementation on intestinal microbiota, tight junctions, and inflammation 
in young broiler chickens challenged with Salmonella enterica subsp. enterica. 
Asian-Australasian Journal of Animal Sciences, 33(11): 1797–1808. https://doi. 
org/10.5713/ajas.19.0427 

Chen, C., Li, J., Zhang, H., Xie, Y., Xiong, L., Liu, H. & Wang, F. 2020. Effects 
of a probiotic on the growth performance, intestinal flora, and immune 
function of chicks infected with Salmonella pullorum. Poultry Science, 99(11):  
5316–5323. https://doi.org/10.1016/j.psj.2020.07.017 

Chen, C.-Y., Tsen, H.-Y., Lin, C.-L., Yu, B. & Chen, C.-S. 2012. Oral administration 
of a combination of select lactic acid bacteria strains to reduce the Salmonella 
invasion and inflammation of broiler chicks. Poultry Science, 91(9): 2139–21 
47. https://doi.org/10.3382/ps.2012-02237 

Clavijo, V. & Flórez, M.J.V. 2018. The gastrointestinal microbiome and its 
association with the control of pathogens in broiler chicken production: A 
review. Poultry Science, 97(3): 1006–1021. https://doi.org/10.3382/ps/pex359

Cox, J.M. & Pavic, A. 2010. Advances in enteropathogen control in poultry 
production. Journal of Applied Microbiology, 108(3): 745–755. https://doi.org/ 
10.1111/j.1 365-2672.2009.04456.x

De Cort, W., Mot, D., Haesebrouck, F., Ducatelle, R. & Van Immerseel, F. 2014. 
A colonisation-inhibition culture consisting of Salmonella Enteritidis and 
Typhimurium ΔhilAssrAfliG strains protects against infection by strains of 
both serotypes in broilers. Vaccine, 32(36): 4633–4638. https://doi.org/10.10 
16/j.vaccine.2014.06.077 

de Oliveira, J.E., van der Hoeven-Hangoor, E., van de Linde, I.B., Montijn, R.C. 
& van der Vossen, J.M.B.M. 2014. In ovo inoculation of chicken embryos 
with probiotic bacteria and its effect on posthatch Salmonella susceptibility. 
Science Direct, 93(4): 818–829. http://doi.org/10.3382/ps.2013-03409 

https://doi.org/10.3390/microorganisms10030544
https://doi.org/10.3390/microorganisms10030544
https://doi.org/10.1111/asj.13205
https://doi.org/10.5713/ajas.19.0427
https://doi.org/10.5713/ajas.19.0427
https://doi.org/10.1016/j.psj.2020.07.017
https://doi.org/10.3382/ps.2012-02237
https://doi.org/10.3382/ps/pex359
https://doi.org/10.1111/j.1365-2672.2009.04456.x
https://doi.org/10.1111/j.1365-2672.2009.04456.x
https://doi.org/10.1016/j.vaccine.2014.06.077
https://doi.org/10.1016/j.vaccine.2014.06.077
http://doi.org/10.3382/ps.2013-03409


80 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

Delgado, R., Latorre, J.D., Vicuña, E., Hernandez-Velasco, X., Vicente, J.L., 
Menconi, A., Kallapura, G. et al. 2014. Glycerol supplementation enhances 
the protective effect of dietary FloraMax-B11 against Salmonella Enteritidis 
colonization in neonate broiler chickens. Poultry Science, 93(9): 2363–2369. 
https://doi.org/10.3382/ps.2014-03927 

Donalson, L.M., McReynolds, J.L., Kim, W.K., Chalova, V.I., Woodward, 
C.L., Kubena, L.F., Nisbet, D.J. & Ricke, S.C. 2008. The influence of a 
fructooligosaccharide prebiotic combined with alfalfa molt diets on the 
gastrointestinal tract fermentation, Salmonella Enteritidis infection, and 
intestinal shedding in laying hens. Poultry Science, 87(7): 1253–1262. https: 
//doi.org/10.3382/ps.2007-00166

Ebeid, T., Al-Homidan, I., Fathi, M., Al-Jamaan, R., Mostafa, M., Abou-Emera, O., 
El-Razik, M.A. & Alkhalaf, A. 2021. Impact of probiotics and/or organic 
acids supplementation on growth performance, microbiota, antioxidative 
status, and immune response of broilers. Italian Journal of Animal Science, 
20(1): 2263–2273. https://doi.org/10.1080/1828051X.2021.2012092 

El-Sharkawy, H., Tahoun, A., Rizk, A.M., Suzuki, T., Elmonir, W., Nassef, 
E., Shukry, M. et al. 2020. Evaluation of Bifidobacteria and Lactobacillus 
probiotics as alternative therapy for Salmonella typhimurium infection in 
broiler chickens. Animals, 10(6): 1023. https://doi.org/10.3390/ani10061023 

Faber, T.A., Dilger, R.N., Iakiviak, M., Hopkins, A.C., Price, N.P. & Fahey, 
G.C. 2012. Ingestion of a novel galactoglucomannan oligosaccharide-
arabinoxylan (GGMO-AX) complex affected growth performance and 
fermentative and immunological characteristics of broiler chicks challenged 
with Salmonella Typhimurium. Poultry Science, 91(9): 2241–2254. https://
doi.org/10.3382/ps.2012-02189 

Fazelnia, K., Fakhraei, J., Yarahmadi, H.M. & Amini, K. 2021. Dietary 
supplementation of potential probiotics Bacillus subtilis, Bacillus licheniformis, 
and Saccharomyces cerevisiae and synbiotic improves growth performance 
and immune responses by modulation in intestinal system in broiler chicks 
challenged with Salmonella Typhimurium. Probiotics and Antimicrobial 
Proteins, 13(4): 1081–1092. https://doi.org/10.1007/s12602-020-09737-5 

Forkus, B., Ritter, S., Vlysidis, M., Geldart, K. & Kaznessis, Y.N. 2017. Antimicrobial 
probiotics reduce Salmonella enterica in turkey gastrointestinal tracts. 
Scientific Reports, 7(1): 40695. https://doi.org/10.1038/srep40695

https://doi.org/10.3382/ps.2014-03927
https://doi.org/10.3382/ps.2007-00166
https://doi.org/10.3382/ps.2007-00166
https://doi.org/10.1080/1828051X.2021.2012092
https://doi.org/10.3390/ani10061023
https://doi.org/10.3382/ps.2012-02189
https://doi.org/10.3382/ps.2012-02189
https://doi.org/10.1007/s12602-020-09737-5
https://doi.org/10.1038/srep40695


CHAPTER 6 – ANNEXES 81

Gao, Z., Wu, H., Shi, L., Zhang, X., Sheng, R., Yin, F. & Gooneratne, R. 2017. 
Study of Bacillus subtilis on growth performance, nutrition metabolism and 
intestinal microflora of 1 to 42 d broiler chickens. Animal Nutrition, 3(2): 
109–113. https://doi.org/10.1016/j.aninu.2017.02.002 

Ghasemian, M. & Jahanian, R. 2016. Dietary mannan-oligosaccharides 
supplementation could affect performance, immunocompetence, serum 
lipid metabolites, intestinal bacterial populations, and ileal nutrient digestibility 
in aged laying hens. Animal Feed Science and Technology, 213: 81–89. https: 
//doi.org/10.1016/j.anifeedsci.2015.12.012 

Gingerich, E., Frana, T., Logue, C.M., Smith, D.P., Pavlidis, H.O. & Chaney, 
W.E. 2021. Effect of feeding a postbiotic derived from Saccharomyces 
cerevisiae fermentation as a preharvest food safety hurdle for reducing 
Salmonella Enteritidis in the ceca of layer pullets. Journal of Food Protection, 
84(2): 275–280. https://doi.org/10.4315/JFP-20-330 

Girgis, G., Powell, M., Youssef, M., Graugnard, D.E., King, W.D., Dawson, K.A. 
2020. Effects of a mannan-rich yeast cell wall-derived preparation on cecal 
concentrations and tissue prevalence of Salmonella Enteritidis in layer chickens. 
PLoS ONE 15(4): e0232088. https://doi.org/10.1371/journal.pone.0232088

Grimes, J.L., Rahimi, S., Oviedo, E., Sheldon, B.W. & Santos, F.B.O. 2008. 
Effects of a direct-fed microbial (primalac) on turkey poult performance 
and susceptibility to oral Salmonella challenge. Poultry Science, 87(7): 1464–
1470. https://doi.org/10.33:82/ps.2008-00498 

Groves, P.J., Williamson, S.L., Ahaduzzaman, Md., Diamond, M., Ngo, M., Han, A. & 
Sharpe, S.M. 2021. Can a combination of vaccination, probiotic and organic 
acid treatment in layer hens protect against early life exposure to Salmonella 
Typhimurium and challenge at sexual maturity? Vaccine, 39(5): 815–824. https 
://doi.org/10.1016/j.vaccine.2020.12.044 

Hayashi, R.M., Lourenço, M.C., Kraieski, A.L., Araujo, R.B., Gonzalez-
Esquerra, R., Leonardecz, E., da Cunha, A.F. et al. 2018. Effect of feeding 
Bacillus subtilis spores to broilers challenged with Salmonella enterica serovar 
Heidelberg Brazilian Strain UFPR1 on Performance, Immune Response, and 
Gut Health. Frontiers in Veterinary Science, 5:13. https://www.frontiersin.org 
/articles/10.3389/fvets.2018.00013 

Heak, C., Sukon, P. & Sornplang, P. 2018. Effect of direct-fed microbials on culturable 
gut microbiotas in broiler chickens: a meta-analysis of controlled trials. 
Asian-Australasian Journal of Animal Sciences, 31(11): 1781–1794. https://
doi.org/10.5713/ajas.18.0009

https://doi.org/10.1016/j.aninu.2017.02.002
https://doi.org/10.1016/j.anifeedsci.2015.12.012
https://doi.org/10.1016/j.anifeedsci.2015.12.012
https://doi.org/10.4315/JFP-20-330
https://doi.org/10.1371/journal.pone.0232088
https://doi.org/10.33:82/ps.2008-00498
https://doi.org/10.1016/j.vaccine.2020.12.044
https://doi.org/10.1016/j.vaccine.2020.12.044
https://www.frontiersin.org/articles/10.3389/fvets.2018.00013
https://www.frontiersin.org/articles/10.3389/fvets.2018.00013
https://doi.org/10.5713/ajas.18.0009
https://doi.org/10.5713/ajas.18.0009


82 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

Hedayati, M. & Manafi, M. 2018. Evaluation of anherbal compound, a commercial 
probiotic, and an antibiotic growth promoter on the performance, intestinal 
bacterial population, antibody titers, and morphology of the jejunum and 
ileum of broilers. Brazilian Journal of Poultry Science, 20(2): 305–316. https:// 
doi.org/10.1590/1806-9061-2017-0639 

Herich, R., Kokinčáková, T., Lauková, A. & Levkutová, M. 2010. Effect of 
preventive application of Enterococcus faecium EF55 on intestinal mucosa 
during salmonellosis in chickens. Czech Journal of Animal Science, 55(1): 42– 
47. https://doi.org/10.17221/19/2009-CJAS 

Hidayat, C., Sumiati, S., Jayanegara, A. & Wina, E. 2021. Supplementation of 
dietary nano Zn-phytogenic on performance, antioxidant activity, and 
population of intestinal pathogenic bacteria in broiler chickens. Tropical Animal 
Science Journal, 44(1): 90–99. https://doi.org/10.5398/tasj.2021.44.1. 90 

Higgins, J.P., Higgins, S.E., Wolfenden, A.D., Henderson, S.N., Torres-
Rodriguez, A., Vicente, J.L., Hargis, B.M. & Tellez, G. 2010. Effect of lactic 
acid bacteria probiotic culture treatment timing on Salmonella Enteritidis in 
neonatal broilers. Poultry Science, 89(2): 243–247. https://doi.org/10.3382/
ps.2009-00436 

Higgins, S.E., Higgins, J.P., Wolfenden, A.D., Henderson, S.N., Torres-Rodriguez, 
A., Tellez, G. & Hargis, B. 2008. Evaluation of a Lactobacillus-based probiotic 
culture for the reduction of Salmonella Enteritidis in neonatal broiler chicks. 
Poultry Science, 87(1): 27–31. https://doi.org/10.3382/ps.2007- 00210 

Hofacre, C.L., Berghaus, R.D., Jalukar, S., Mathis, G.F. & Smith, J.A. 2018. 
Effect of a yeast cell wall preparation on cecal and ovarian colonization 
with Salmonella Enteritidis in commercial layers. Journal of Applied Poultry 
Research, 27(4): 453–460. https://doi.org/10.3382/japr/pfy030 

Hsu, Y.M., Yu, B., Tseng, C.S., Chang, C.H., Chen, D.S., Su, C.H. & Chen, 
Y.S. 2016. Preventive activities of Scutellariae Radix, Gardeniae Fructus, 
and probiotics in Salmonella enterica serovar Typhimurium infection in 
chickens. Animal Feed Science and Technology, 214: 121–129. https://doi.org 
/10.1016/j.anifeedsci.2016.02.004 

Ibrahim, D., Abdelfattah-Hassan, A., Badawi, M., Ismail, T.A., Bendary, 
M.M., Abdelaziz, A.M., Mosbah, R.A. et al. 2021. Thymol nanoemulsion 
promoted broiler chicken’s growth, gastrointestinal barrier and bacterial 
community and conferred protection against Salmonella Typhimurium. 
Scientific Reports, 11(1): 7742. https://doi.org/10.1038/s41598-021-86990-w 

https://doi.org/10.1590/1806-9061-2017-0639
https://doi.org/10.1590/1806-9061-2017-0639
https://doi.org/10.17221/19/2009-CJAS
https://doi.org/10.5398/tasj.2021.44.1.90
https://doi.org/10.3382/ps.2009-00436
https://doi.org/10.3382/ps.2009-00436
https://doi.org/10.3382/ps.2007-00210
https://doi.org/10.3382/japr/pfy030
https://doi.org/10.1016/j.anifeedsci.2016.02.004
https://doi.org/10.1016/j.anifeedsci.2016.02.004
https://doi.org/10.1038/s41598-021-86990-w


CHAPTER 6 – ANNEXES 83

Islam, Md.M. & Yang, C.-J. 2017. Efficacy of mealworm and super mealworm 
larvae probiotics as an alternative to antibiotics challenged orally with Salmonella 
and E. coli infection in broiler chicks. Poultry Science, 96(1): 27–34. https://
doi.org/10.3382/ps/pew220 

Janbandhu, A.V., Ravi, A., Ramana, J.V. & Narendranath, D. 2020. Utilization 
of chitosan extracted from shrimp waste meal as a prebiotic for broilers. 
Animal Nutrition and Feed Technology, 20(3): 477–490. https://doi.org/10.59 
58/0974-181X.2020.00042.6 

Jazi, V., Foroozandeh, A.D., Toghyani, M., Dastar, B., Rezaie Koochaksaraie, 
R. & Toghyani, M. 2018. Effects of Pediococcus acidilactici, mannan-
oligosaccharide, butyric acid and their combination on growth performance 
and intestinal health in young broiler chickens challenged with Salmonella 
Typhimurium. Poultry Science, 97(6): 2034–2043. https://doi.org/10.3382/
ps/pey035 

Juricova, H., Matiasovicova, J., Faldynova, M., Sebkova, A., Kubasova, T., 
Prikrylova, H., Karasova, D. et al. 2022. Probiotic Lactobacilli do not protect 
chickens against Salmonella Enteritidis infection by competitive exclusion 
in the intestinal tract but in feed, outside the chicken host. Microorganisms, 
10(2): 219. https://doi.org/10.3390/microorganisms10020219 

Kerr, A.K., Farrar, A.M., Waddell, L.A., Wilkins, W., Wilhelm, B.J., Bucher, 
O., Wills, R.W. et al. 2013. A systematic review-meta-analysis and 
meta-regression on the effect of selected competitive exclusion products 
on Salmonella spp. prevalence and concentration in broiler chickens. 
Preventive Veterinary Medicine, 111(1): 112–125. https://doi.org/10.1016/
j.prevetmed.2013.04.005

Khalid, A.H., Ullah, K.S., Naveed, S., Latif, F., Pasha, T.N., Hussain, I. & 
Qaisrani, S.N. 2021. Effects of spray dried yeast (Saccharomyces cerevisiae) 
on growth performance and carcass characteristics, gut health, cecal 
microbiota profile and apparent ileal digestibility of protein, amino acids 
and energy in broilers. Tropical Animal Health and Production, 53(2): 252. 
https://doi.org/10.1007/s11250-021-02684-5 

Khan, S. & Chousalkar, K.K. 2020. Short-term feeding of probiotics and 
synbiotics modulates caecal microbiota during Salmonella Typhimurium 
infection but does not reduce shedding and invasion in chickens. Applied 
Microbiology and Biotechnology, 104(1): 319–334. https://doi.org/10.1007/
s00253-019-10220-7 

https://doi.org/10.3382/ps/pew220
https://doi.org/10.3382/ps/pew220
https://doi.org/10.5958/0974-181X.2020.00042.6
https://doi.org/10.5958/0974-181X.2020.00042.6
https://doi.org/10.3382/ps/pey035
https://doi.org/10.3382/ps/pey035
https://doi.org/10.3390/microorganisms10020219
https://doi.org/10.1016/j.prevetmed.2013.04.005
https://doi.org/10.1016/j.prevetmed.2013.04.005
https://doi.org/10.1007/s11250-021-02684-5
https://doi.org/10.1007/s00253-019-10220-7
https://doi.org/10.1007/s00253-019-10220-7


84 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

Khan, S. & Chousalkar, K.K. 2020. Salmonella Typhimurium infection disrupts 
but continuous feeding of Bacillus based probiotic restores gut microbiota 
in infected hens. Journal of Animal Science and Biotechnology, 11(1): 29. 
https://doi.org/10.1186/s40104-020-0433-7 

Khan, S., Moore, R.J., Stanley, D. & Chousalkar, K.K. 2020. The gut microbiota 
of laying hens and its manipulation with prebiotics and probiotics to enhance 
gut health and food safety. Applied and Environmental Microbiology, 86(13): 
e00600-20. https://doi.org/10.1128/AEM.00600-20

Khan, S. & Chousalkar, K.K. 2021. Functional enrichment of gut microbiome by 
early supplementation of Bacillus based probiotic in cage free hens: a field 
study. Animal Microbiome, 3(1): 50. https://doi.org/10.1186/s42523-021-
00112-5 

Khempaka, S., Chitsatchapong, C. & Molee, W. 2011. Effect of chitin and 
protein constituents in shrimp head meal on growth performance, nutrient 
digestibility, intestinal microbial populations, volatile fatty acids, and 
ammonia production in broilers. Journal of Applied Poultry Research, 20(1): 
1–11. https://doi.org/10.3382/japr.2010-00162 

Khochamit, N., Siripornadulsil, S., Sukon, P. & Siripornadulsil, W. 2020. Bacillus 
subtilis and lactic acid bacteria improve the growth performance and blood 
parameters and reduce Salmonella infection in broilers. Veterinary World, 
13(12): 2663–2672. https://doi.org/10.14202/vetworld.2020.2663-2672 

Kiarie, E.G. & Mills, A. 2019. Role of feed processing on gut health and function 
in pigs and poultry: conundrum of optimal particle size and hydrothermal 
regimens. Frontiers in Veterinary Science, 6:00019. https://www.frontiersin.
org/articles/10.3389/fvets.2019.00019

Kim, S.A., Rubinelli, P.M., Park, S.H. & Ricke, S.C. 2018. Ability of Arkansas 
LaKast and LaKast hybrid rice bran to reduce Salmonella Typhimurium 
in chicken cecal incubations and effects on cecal microbiota. Frontiers in 
Microbiology, 9: 00134. https://www.frontiersin.org/articles/10.3389/fmicb. 
2018.00134 

Kim, Y.-J., Youk, S. & Song, C.-S. 2022. Effectiveness of administering a mixture 
of lactic acid bacteria to control Salmonella ser. Enteritidis infections in 
broilers. Animals, 12(3): 374. https://doi.org/10.3390/ani12030374 

Kimminau, E.A., Karnezos, T.P., Berghaus, R.D., Jones, M.K., Baxter, J.A. 
& Hofacre, C.L. 2021. Combination of probiotic and prebiotic impacts 
Salmonella Enteritidis infection in layer hens. Journal of Applied Poultry 
Research, 30(4): 100200. https://doi.org/10.1016/j.japr.2021.100200 

https://doi.org/10.1186/s40104-020-0433-7
https://doi.org/10.1128/AEM.00600-20
https://doi.org/10.1186/s42523-021-00112-5
https://doi.org/10.1186/s42523-021-00112-5
https://doi.org/10.3382/japr.2010-00162
https://doi.org/10.14202/vetworld.2020.2663-2672
https://www.frontiersin.org/articles/10.3389/fvets.2019.00019
https://www.frontiersin.org/articles/10.3389/fvets.2019.00019
https://www.frontiersin.org/articles/10.3389/fmicb.2018.00134
https://www.frontiersin.org/articles/10.3389/fmicb.2018.00134
https://doi.org/10.3390/ani12030374
https://doi.org/10.1016/j.japr.2021.100200


CHAPTER 6 – ANNEXES 85

Kiros, T.G., Gaydos, T., Corley, J., Raspoet, R., Berghaus, R. & Hofacre, C. 
2019. Effect of Saccharomyces cerevisiae yeast products in reducing direct 
colonization and horizontal transmission of Salmonella Heidelberg in broilers. 
Journal of Applied Poultry Research, 28(1): 23–30. https://doi.org/ 10.3382/
japr/pfy012 

Kizerwetter-Swida, M. & Binek, M. 2009. Protective effect of potentially probiotic 
Lactobacillus strain on infection with pathogenic bacteria in chickens. Polish 
Journal of Veterinary Sciences, 12(1): 15–20. https://pubmed.ncbi.nlm.nih.
gov/19459435/ 

Knap, I., Kehlet, A.B., Bennedsen, M., Mathis, G.F., Hofacre, C.L., Lumpkins, 
B.S., Jensen, M.M., Raun, M. & Lay, A. 2011. Bacillus subtilis (DSM17299) 
significantly reduces Salmonella in broilers. Poultry Science, 90(8): 1690–
1694. https://doi.org/10.3382/ps.2010-01056

Kridtayopas, C., Rakangtong, C., Bunchasak, C. & Loongyai, W. 2019. Effect 
of prebiotic and synbiotic supplementation in diet on growth performance, 
small intestinal morphology, stress, and bacterial population under high 
stocking density condition of broiler chickens. Poultry Science, 98(10): 
4595–4605. https://doi.org/10.3382/ps/pez152 

Kupryś-Caruk, M., Michalczuk, M., Chabłowska, B., Stefańska, I., Kotyrba, 
D. & Parzeniecka-Jaworska, M. 2018. Efficacy and safety assessment of 
microbiological feed additive for chicken broilers in tolerance studies. 
Journal of Veterinary Research, 62(1): 57–64. https://doi.org/10.2478/jvetres- 
2018-0008 

Lan, D., Xun, X., Hu, Y., Li, N., Yang, C., Jiang, X. & Liu, Y. 2020. Research on 
the effect of Pediococcus pentosaceus on Salmonella Enteritidis -infected 
chicken. BioMed Research International, 2020: e6416451. https://doi.org/10. 
1155/2020/6416451 

Lauková, A., Kandričáková, A. & Ščerbová, J. 2015. Use of bacteriocin‐
producing, probiotic strain Enterococcus faecium AL41 to control intestinal 
microbiota in farm ostriches. Letters in Applied Microbiology, 60(6): 531–
535. https://doi.org/10.1111/lam.12409 

Leandro, N.S.M., Oliveira, A.S.C. de, Gonzales, E., Café, M.B., Stringhini, 
J.H. & Andrade, M.A. 2010. Probiótico na ração ou inoculado em ovos 
embrionados: 1. desempenho de pintos de corte desafiados com Salmonella 
Enteritidis. (Probiotic in diet or inoculated in fertilized eggs. 1. Performance 
of broiler chicks challenged with Salmonella Enterititidis). Revista Brasileira 
de Zootecnia, 39: 1509–1516. https://doi.org/10.1590/S1516-35982010000700017

https://doi.org/10.3382/japr/pfy012
https://doi.org/10.3382/japr/pfy012
https://pubmed.ncbi.nlm.nih.gov/19459435/
https://pubmed.ncbi.nlm.nih.gov/19459435/
https://doi.org/10.3382/ps.2010-01056
https://doi.org/10.3382/ps/pez152
https://doi.org/10.2478/jvetres-2018-0008
https://doi.org/10.2478/jvetres-2018-0008
https://doi.org/10.1155/2020/6416451
https://doi.org/10.1155/2020/6416451
https://doi.org/10.1111/lam.12409
https://doi.org/10.1590/S1516-35982010000700017


86 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

Li, X., Qiang, L., Liu & Xu, C. 2008. Effects of supplementation of fructooligosacc 
haride and/or Bacillus subtilis to diets on performance and on intestinal 
microflora in broilers. Archives Animal Breeding, 51(1): 64–70. https://doi.
org/10.5194/aab-51-64-2008 

Li, Z., Zhang, C., Li, B., Zhang, S., Haj, F.G., Zhang, G. & Lee, Y. 2021. The 
modulatory effects of alfalfa polysaccharide on intestinal microbiota and 
systemic health of Salmonella serotype (ser.) Enteritidis-challenged broilers. 
Scientific Reports, 11(1): 10910. https://doi.org/10.1038/s41598-021-90060-6 

Litvak, Y., Mon, K.K.Z., Nguyen, H., Chanthavixay, G., Liou, M., Velazquez, 
E.M., Kutter, L. et al. 2019. Commensal Enterobacteriaceae protect against 
Salmonella colonization through oxygen competition. Cell Host & Microbe, 
25(1): 128–139.e5. https://doi.org/10.1016/j.chom.2018.12.003 

Lourenço, M.C., Kuritza, L.N., Westphal, P., Miglino, L.B., Pickler, L., Kraieski, 
A.L. & Santin, E. 2013. Uso de probiótico sobre a ativação de células Te 
controle de Salmonella Minnesota em frangos de corte. (Use of probiotics on 
the T cells activation and Salmonella Minnesota control in broiler chickens) 
Pesquisa Veterinária Brasileira, 33: 11–14. https://doi.org/10.1590/S0100-73 
6X2013000100003 

Lourenço, M.C., Kuritza, L.N., Hayashi, R.M., Miglino, L.B., Durau, J.F., Pickler, 
L. & Santin, E. 2015. Effect of a mannanoligosaccharide-supplemented diet 
on intestinal mucosa T lymphocyte populations in chickens challenged with 
Salmonella Enteritidis. Journal of Applied Poultry Research, 24(1): 15–22. https: 
//doi.org/10.3382/japr/pfu002 

Luoma, A., Markazi, A., Shanmugasundaram, R., Murugesan, G.R., Mohnl, M. 
& Selvaraj, R. 2017. Effect of synbiotic supplementation on layer production 
and cecal Salmonella load during a Salmonella challenge. Poultry Science, 
96(12): 4208–4216. https://doi.org/10.3382/ps/pex251 

Manafi, M., Hedayati, M. & Mirzaie, S. 2018. Probiotic Bacillus species and 
Saccharomyces boulardii improve performance, gut histology and immunity 
in broiler chickens. South African Journal of Animal Science, 48(2): 379–389. 
https://doi.org/10.4314/sajas.v48i2 

Medina-Saavedra, T., Arroyo-Figueroa, G., Herrera-Méndez, C. & Santoyo, 
L.M.-. 2017. Bacillus subtilis como probiótico en avicultura: aspectos 
relevantes en investigaciones recientes. (Bacillus subtilis as a probiotic in 
poultry farming: relevant aspects in recent research). Abanico Veterinario, 
7(3): 14–20. http://doi.org/10.21929/abavet2017.73.1 

https://doi.org/10.5194/aab-51-64-2008
https://doi.org/10.5194/aab-51-64-2008
https://doi.org/10.1038/s41598-021-90060-6
https://doi.org/10.1016/j.chom.2018.12.003
https://doi.org/10.1590/S0100-736X2013000100003
https://doi.org/10.1590/S0100-736X2013000100003
https://doi.org/10.3382/japr/pfu002
https://doi.org/10.3382/japr/pfu002
https://doi.org/10.3382/ps/pex251
https://doi.org/10.4314/sajas.v48i2
http://doi.org/10.21929/abavet2017.73.1


CHAPTER 6 – ANNEXES 87

Meijerink, N., de Oliveira, J.E., van Haarlem, D.A., Lamot, D.M., Velkers, F.C., 
Smidt, H., Stegeman, J.A., Rutten, V.P.M.G. & Jansen, C.A. 2022. Long-
chain glucomannan supplementation modulates immune responsiveness, 
as well as intestinal microbiota, and impacts infection of broiler chickens 
with Salmonella enterica serotype Enteritidis. Veterinary Research, 53(1): 9. 
https://doi.org/10.1186/s13567-022-01026-z 

Menconi, A., Wolfenden, A.D., Shivaramaiah, S., Terraes, J.C., Urbano, T., 
Kuttel, J., Kremer, C., Hargis, B.M. & Tellez, G. 2011. Effect of lactic acid 
bacteria probiotic culture for the treatment of Salmonella enterica serovar 
Heidelberg in neonatal broiler chickens and turkey poults. Poultry Science, 
90(3): 561–565. https://doi.org/10.3382/ps.2010-01220 

Methner, U., Berndt, A. & Locke, M. 2017. Salmonella Enteritidis with double 
deletion in phoP fliC and a competitive exclusion culture elicit substantial 
additive protective effects against Salmonella exposure in newly hatched chicks. 
Vaccine, 35(45): 6076–6082. https://doi.org/10.1016/j.vaccine.2017. 09.071 

Milbradt, E.L., Zamae, J.R., Araújo Júnior, J.P., Mazza, P., Padovani, C.R., 
Carvalho, V.R., Sanfelice, C. et al. 2014. Control of Salmonella Enteritidis 
in turkeys using organic acids and competitive exclusion product. Journal of 
Applied Microbiology, 117(2): 554–563. https://doi.org/10.1111/jam.12537 

Mohammadi Gheisar, M., Hosseindoust, A. & Kim, I.H. 2016. Effects of dietary 
Enterococcus faecium on growth performance, carcass characteristics, faecal 
microbiota, and blood profile in broilers. Veterinární medicína, 61(1): 28–
34. https://doi.org/10.17221/8680-VETMED 

Mohammadi Gheisar, M., Nyachoti, C.M., Hancock, J.D. & Kim, I.H. 2016. 
Effects of lactulose on growth, carcass characteristics, faecal microbiota, and 
blood constituents in broilers. Veterinární medicína, 61(2): 90–96. https://
doi.org/10.17221/8722-VETMED 

Morales-Mena, A., Martínez-González, S., Teague, K.D., Graham, L.E., Señas-
Cuesta, R., Vuong, C.N., Lester, H. et al. 2020. Assessment of fermented 
soybean meal on Salmonella typhimurium infection in neonatal turkey 
poults. Animals, 10(10): 1849. https://doi.org/10.3390/ani10101849 

Mountzouris, K.C., Balaskas, C., Xanthakos, I., Tzivinikou, A. & Fegeros, 
K. 2009. Effects of a multi-species probiotic on biomarkers of competitive 
exclusion efficacy in broilers challenged with Salmonella Enteritidis. British 
Poultry Science, 50(4): 467–478. https://doi.org/10.1080/00071660903110935 

https://doi.org/10.1186/s13567-022-01026-z
https://doi.org/10.3382/ps.2010-01220
https://doi.org/10.1016/j.vaccine.2017.09.071
https://doi.org/10.1111/jam.12537
https://doi.org/10.17221/8680-VETMED
https://doi.org/10.17221/8722-VETMED
https://doi.org/10.17221/8722-VETMED
https://doi.org/10.3390/ani10101849
https://doi.org/10.1080/00071660903110935


88 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

Mountzouris, K.C., Dalaka, E., Palamidi, I., Paraskeuas, V., Demey, V., 
Theodoropoulos, G. & Fegeros, K. 2015. Evaluation of yeast dietary 
supplementation in broilers challenged or not with Salmonella on growth 
performance, cecal microbiota composition and Salmonella in ceca, cloacae 
and carcass skin. Poultry Science, 94(10): 2445–2455. http://doi.org/10.3382/
ps/pev243 

Murate, L.S., Paião, F.G., Almeida, A.M. de, Jr, A.B. & Shimokomaki, M. 2015. 
Efficacy of prebiotics, probiotics, and synbiotics on laying hens and broilers 
challenged with Salmonella Enteritidis. The Journal of Poultry Science, 52(1): 
52–56. https://doi.org/10.2141/jpsa.0130211

Nair, D.V.T., Johnson, T.J., Noll, S.L. & Kollanoor Johny, A. 2021. Effect of 
supplementation of a dairy-originated probiotic bacterium, Propionibacterium 
freudenreichii subsp. freudenreichii, on the cecal microbiome of turkeys 
challenged with multidrug-resistant Salmonella Heidelberg. Poultry Science, 
100(1): 283–295. https://doi.org/10.1016/j.psj.2020.09.091 

Nakphaichit, M., Sobanbua, S., Siemuang, S., Vongsangnak, W., Nakayama, 
J. & Nitisinprasert, S. 2019. Protective effect of Lactobacillus reuteri KUB 
-AC5 against Salmonella Enteritidis challenge in chickens. Beneficial 
Microbes, 10(1): 43–54. https://doi.org/10.3920/BM2018.0034 

Neveling, D.P., van Emmenes, L., Ahire, J.J., Pieterse, E., Smith, C. & Dicks, L.M.T. 
2020. Effect of a multi-species probiotic on the colonisation of Salmonella in 
broilers. Probiotics and Antimicrobial Proteins, 12(3): 896–905. https://doi.org 
/10.1007/s12602-019-09593-y 

Neveling, D.P. & Dicks, L.M.T. 2021. Probiotics: an antibiotic replacement strategy 
for healthy broilers and productive rearing. Probiotics and Antimicrobial 
Proteins, 13(1): 1–11. https://doi.org/10.1007/s12602-020-09640-z 

Nishiyama, T., Ashida, N., Nakagawa, K., Iwatani, S. & Yamamoto, N. 2021. 
Dietary Bacillus subtilis C-3102 supplementation enhances the exclusion of 
Salmonella enterica from chickens. The Journal of Poultry Science, 58(2): 138 
–145. https://doi.org/10.2141/jpsa.0200036 

Oliveira, M.G.X., Porretta, M.C., Itaya, N.M., Oliveira, M.C.V., Reple, J.N., 
Cunha, M.P.V., Sanches, L.A. et al. 2017. Utilização do yacon (Smallanthus 
sonchifolius) na proteção contra colonização intestinal de frangos de corte 
infectados por Salmonella Enteritidis. (Use of yacon (Smallanthus sonchifolius) 
to protect against intestinal colonization of broilers infected by Salmonella 
Enteritidis). Arquivo Brasileiro de Medicina Veterinária e Zootecnia, 69: 695– 
703. https://doi.org/10.1590/1678-4162-8174 

http://doi.org/10.3382/ps/pev243
http://doi.org/10.3382/ps/pev243
https://doi.org/10.2141/jpsa.0130211
https://doi.org/10.1016/j.psj.2020.09.091
https://doi.org/10.3920/BM2018.0034
https://doi.org/10.1007/s12602-019-09593-y
https://doi.org/10.1007/s12602-019-09593-y
https://doi.org/10.1007/s12602-020-09640-z
https://doi.org/10.2141/jpsa.0200036
https://doi.org/10.1590/1678-4162-8174


CHAPTER 6 – ANNEXES 89

Olnood, C.G., Beski, S.S.M., Choct, M. & Iji, P.A. 2015. Use of Lactobacillus 
johnsonii in broilers challenged with Salmonella sofia. Animal Nutrition, 
1(3): 203–212. https://doi.org/10.1016/j.aninu.2015.07.001 

Oso, A.O., Williams, G.A., Oluwatosin, O.O., Bamgbose, A.M., Adebayo, A.O., 
Olowofeso, O., Pirgozliev, V. et al. 2017. Effect of dietary supplementation 
with arginine on haematological indices, serum chemistry, carcass yield, gut 
microflora, and lymphoid organs of growing turkeys. Livestock Science, 198: 
58–64. https://doi.org/10.1016/j.livsci.2017.02.005 

Park, J.H. & Kim, I.H. 2014. Supplemental effect of probiotic Bacillus subtilis 
B2A on productivity, organ weight, intestinal Salmonella microflora, and 
breast meat quality of growing broiler chicks. Poultry Science, 93(8): 2054–
2059. https://doi.org/10.3382/ps.2013-03818 

Park, J.H. & Kim, I.H. 2015. The effects of the supplementation of Bacillus subtilis 
RX7 and B2A strains on the performance, blood profiles, intestinal Salmonella 
concentration, noxious gas emission, organ weight and breast meat quality 
of broiler challenged with Salmonella typhimurium. Journal of Animal 
Physiology and Animal Nutrition, 99(2): 326–334. http://doi.org/10.1 111/
jpn.12248 

Park, J.H., Yun, H.M. & Kim, I.H. 2018. The effect of dietary Bacillus subtilis 
supplementation on the growth performance, blood profile, nutrient retention, 
and caecal microflora in broiler chickens. Journal of Applied Animal Research, 
46(1): 868–872. https://doi.org/10.1080/09712119.2017.1411267 

Park, K.-T., Oh, M., Sim, I., Nam, J., Ji, K., Han, J.-K. & Chee, K. 2016. Effects 
of Lactobacillus-fermented ginger stem on Salmonella-infected broiler 
chicks. Biotechnology and Bioprocess Engineering, 21(2): 331–336. https://
doi.org/10.1007/s12257-015-0778-5 

Parsons, B.N., Wigley, P., Simpson, H.L., Williams, J.M., Humphrey, S., Salisbury, 
A.-M., Watson, A.J.M. et al. 2014. Dietary supplementation with soluble 
plantain non-starch polysaccharides inhibits intestinal invasion of Salmonella 
Typhimurium in the chicken. PLoS ONE, 9(2): e87658. https://doi.org/10.13 
71/journal.pone.0087658 

Pathak, M., Mandal, G.P., Patra, A.K., Samanta, I., Pradhan, S., Haldar, S., 
Pathak, M. et al. 2016. Effects of dietary supplementation of cinnamaldehyde 
and formic acid on growth performance, intestinal microbiota and immune 
response in broiler chickens. Animal Production Science, 57(5): 821–827. 
https://doi.org/10.1071/AN15816 

https://doi.org/10.1016/j.aninu.2015.07.001
https://doi.org/10.1016/j.livsci.2017.02.005
https://doi.org/10.3382/ps.2013-03818
http://doi.org/10.1111/jpn.12248
http://doi.org/10.1111/jpn.12248
https://doi.org/10.1080/09712119.2017.1411267
https://doi.org/10.1007/s12257-015-0778-5
https://doi.org/10.1007/s12257-015-0778-5
https://doi.org/10.1371/journal.pone.0087658
https://doi.org/10.1371/journal.pone.0087658
https://doi.org/10.1071/AN15816


90 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

Penha Filho, R.A.C., Díaz, S.J.A., Fernando, F.S., Chang, Y.-F., Andreatti Filho, 
R.L. & Berchieri Junior, A. 2015. Immunomodulatory activity and control 
of Salmonella Enteritidis colonization in the intestinal tract of chickens by 
Lactobacillus based probiotic. Veterinary Immunology and Immunopathology, 
167(1): 64–69. http://doi.org/10.1016/j.vetimm.2015.06.006

Pourabedin, M., Chen, Q., Yang, M. & Zhao, X. 2017. Mannan- and xylooligosac 
charides modulate caecal microbiota and expression of inflammatory-related 
cytokines and reduce caecal Salmonella Enteritidis colonisation in young 
chickens. FEMS Microbiology Ecology, 93(1): fiw226. https://doi.org/10.109 
3/femsec/fiw226

Prado-Rebolledo, O.F., Delgado-Machuca, J. de J., Macedo-Barragan, R.J., 
Garcia-Márquez, L.J., Morales-Barrera, J.E., Latorre, J.D., Hernandez-
Velasco, X. & Tellez, G. 2017. Evaluation of a selected lactic acid bacteria-
based probiotic on Salmonella enterica serovar Enteritidis colonization and 
intestinal permeability in broiler chickens. Avian Pathology, 46(1): 90–94. 
https://doi.org/10.1080/03079457.2016.1222808  

Price, P.T., Gaydos, T.A., Berghaus, R.D., Baxter, V., Hofacre, C.L. & Sims, 
M.D. 2020. Salmonella Enteritidis reduction in layer ceca with a Bacillus 
probiotic, Veterinary World, 13(1): 184-187. http://doi.org/10.14202/vet 
world.2020.184-187

Price, P.T., Gaydos, T., Legendre, H., Krehling, J., Macklin, K. & Padgett, J.C. 
2021. Production layer Salmonella Enteritidis control through dry fed pre & 
probiotic products. Brazilian Journal of Poultry Science, 23: eRBCA. https://
doi.org/10.1590/1806-9061-2020-1418 

Rahimi, S., Kathariou, S., Fletcher, O. & Grimes, J.L. 2019. Effect of a direct-fed 
microbial and prebiotic on performance and intestinal histomorophology 
of turkey poults challenged with Salmonella and Campylobacter. Poultry 
Science, 98(12): 6572–6578. https://doi.org/10.3382/ps/pez436 

Rahimi, S., Kathariou, S., Fletcher, O. & Grimes, J.L. 2020. The effectiveness of a 
dietary direct-fed microbial and mannan oligosaccharide on ultrastructural 
changes of intestinal mucosa of turkey poults infected with Salmonella and 
Campylobacter. Poultry Science, 99(2): 1135–1149. https://doi.org/10.1016/
j.psj.2019.09.008 

Rajani, J., Dastar, B., Samadi, F., Karimi Torshizi, M.A., Abdulkhani, A. 
& Esfandyarpour, S. 2016. Effect of extracted galactoglucomannan 
oligosaccharides from pine wood (Pinus brutia) on Salmonella Typhimurium 
colonisation, growth performance and intestinal morphology in broiler chicks. 
British Poultry Science, 57(5): 682–692. https://doi.org/10.1080/00071668.20
16.1200013 

http://doi.org/10.1016/j.vetimm.2015.06.006
https://doi.org/10.1093/femsec/fiw226
https://doi.org/10.1093/femsec/fiw226
https://doi.org/10.1080/03079457.2016.1222808
http://doi.org/10.14202/vetworld.2020.184-187
http://doi.org/10.14202/vetworld.2020.184-187
https://doi.org/10.1590/1806-9061-2020-1418
https://doi.org/10.1590/1806-9061-2020-1418
https://doi.org/10.3382/ps/pez436
https://doi.org/10.1016/j.psj.2019.09.008
https://doi.org/10.1016/j.psj.2019.09.008
https://doi.org/10.1080/00071668.2016.1200013
https://doi.org/10.1080/00071668.2016.1200013


CHAPTER 6 – ANNEXES 91

Redweik, G.A.J., Kogut, M.H., Arsenault, R.J. & Mellata, M. 2020. Oral treatment 
with ileal spores triggers immunometabolic shifts in chicken gut. Frontiers 
in Veterinary Science, 7: 629. https://www.frontiersin.org/articles/10.3389/
fvets.2020.00629 

Redweik, G.A.J., Stromberg, Z.R., Van Goor, A. & Mellata, M. 2020. Protection 
against avian pathogenic Escherichia coli and Salmonella Kentucky exhibited 
in chickens given both probiotics and live Salmonella vaccine. Poultry 
Science, 99(2): 752–762. https://doi.org/10.1016/j.psj.2019.10.038 

Rehman, H., Vahjen, W., Kohl-Parisini, A., Ijaz, A. & Zentek, J. 2009. Influence 
of fermentable carbohydrates on the intestinal bacteria and enteropathogens 
in broilers. World’s Poultry Science Journal, 65(1): 75–90. https://doi.
org/10.1017/S0043933909000063 

Revolledo, L., Ferreira, C.S.A. & Ferreira, A.J.P. 2009. Prevention of Salmonella 
Typhimurium colonization and organ invasion by combination treatment in 
broiler chicks. Poultry Science, 88(4): 734–743. https://doi.org/10.3382/ps.20 
08-00410

Sadeghi, A.A., Shawrang, P. & Shakorzadeh, S. 2015. Immune response of 
Salmonella challenged broiler chickens fed diets containing Gallipro®, a 
Bacillus subtilis Probiotic. Probiotics and Antimicrobial Proteins, 7(1): 24–30. 
http://doi.org/10.1007/s12602-014-9175-1

Santana, E.S., Andrade, M.A., Rocha, T.M., Stringhini, J.H., Café, M.B., Jayme, 
V. de S., Barnabé, A.C. de S. & Alcântara, J.B. de. 2012. Performance of 
broilers experimentally inoculated with Salmonella Typhimurium and fed 
diets with addition of lactulosis. Revista Brasileira de Zootecnia, 41: 1884–
1889. https://doi.org/10.1590/S1516-35982012000800012

Sevilla-Navarro, S., Marín, C., Cortés, V., García, C., Vega, S. & Catalá-Gregori, P. 
2018. Autophage as a control measure for Salmonella in laying hens. Poultry 
Science, 97(12): 4367–4373. https://doi.org/10.3382/ps/pey294 

Schneitz, C., Koivunen, E., Tuunainen, P. & Valaja, J. 2016. The effects 
of a competitive exclusion product and two probiotics on Salmonella 
colonization and nutrient digestibility in broiler chickens. Journal of Applied 
Poultry Research, 25(3): 396–406. https://doi.org/10.3382/japr/pfw025 

Shanmugasundaram, R., Applegate, T.J. & Selvaraj, R.K. 2020. Effect of Bacillus 
subtilis and Bacillus licheniformis probiotic supplementation on cecal 
Salmonella load in broilers challenged with Salmonella. Journal of Applied 
Poultry Research, 29(4): 808–816. https://doi.org/10.1016/j.japr.2020.07.003 

https://www.frontiersin.org/articles/10.3389/fvets.2020.00629
https://www.frontiersin.org/articles/10.3389/fvets.2020.00629
https://doi.org/10.1016/j.psj.2019.10.038
https://doi.org/10.1017/S0043933909000063
https://doi.org/10.1017/S0043933909000063
https://doi.org/10.3382/ps.2008-00410
https://doi.org/10.3382/ps.2008-00410
http://doi.org/10.1007/s12602-014-9175-1
https://doi.org/10.1590/S1516-35982012000800012
https://doi.org/10.3382/ps/pey294
https://doi.org/10.3382/japr/pfw025
https://doi.org/10.1016/j.japr.2020.07.003


92 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

Shao, Y., Wang, Z., Tian, X., Guo, Y. & Zhang, H. 2016. Yeast β-d-glucans 
induced antimicrobial peptide expressions against Salmonella infection 
in broiler chickens. International Journal of Biological Macromolecules, 85: 
573–584. https://doi.org/10.1016/j.ijbiomac.2016.01.031

Shi, H., Deng, X., Deng, Q., Liu, Z. & Liu, N. 2021. Probiotic Lactobacilli 
improved growth performance and attenuated Salmonella Typhimurium 
infection via Jak/Stat signaling in broilers. Brazilian Journal of Poultry 
Science, 23: eRBCA. https://doi.org/10.1590/1806-9061-2020-1328 

Shivaramaiah, S., Pumford, N.R., Morgan, M.J., Wolfenden, R.E., Wolfenden, 
A.D., Torres-Rodríguez, A., Hargis, B.M. & Tellez, G. 2011. Evaluation of 
Bacillus species as potential candidates for direct-fed microbials in commercial 
poultry. Poultry Science, 90(7): 1574–1580. https://doi.org/10.3382/ps.2010-
00745 

Sikandar, A., Zaneb, H., Nasir, A., Adil, M., Ali, H.M., Muhammad, N., Rehman, 
T., Rehman, A. & Rehman, H.F. 2020. Effects of Bacillus subtilis on 
performance, immune system and gut in Salmonella-challenged broilers. 
South African Journal of Animal Science, 50(5). https://doi.org/10.4314/sajas.
v50i5.2 

Silva, I.G.O., Vellano, I.H.B., Moraes, A.C., Lee, I.M., Alvarenga, B., Milbradt, 
E.L., Hataka, A., Okamoto, A.S. & Andreatti, R.L. 2017. Evaluation of a 
probiotic and a competitive exclusion product inoculated in ovo on broiler 
chickens challenged with Salmonella Heidelberg. Brazilian Journal of Poultry 
Science, 19: 19–26. https://doi.org/10.1590/1806-9061-2016-0409 

Singh, A., O’Neill, H.V.M., Ghosh, T.K., Bedford, M.R. & Haldar, S. 2012. 
Effects of xylanase supplementation on performance, total volatile fatty acids 
and selected bacterial population in caeca, metabolic indices and peptide 
YY concentrations in serum of broiler chickens fed energy restricted maize–
soybean based diets. Animal Feed Science and Technology, 177(3): 194–203. 
https://doi.org/10.1016/j.anifeedsci.2012.08.005 

Sobotik, E.B., Ramirez, S., Roth, N., Tacconi, A., Pender, C., Murugesan, R. & 
Archer, G.S. 2021. Evaluating the effects of a dietary synbiotic or synbiotic 
plus enhanced organic acid on broiler performance and cecal and carcass 
Salmonella load. Poultry Science, 100(12): 101508. https://doi.org/10.1016/
j.psj.2021.101508 

Soliman, E.S., Hamad, R.T. & Abdallah, M.S. 2021. Preventive antimicrobial 
action and tissue architecture ameliorations of Bacillus subtilis in challenged 
broilers. Veterinary World, 14(2): 523–536. https://doi.org/10.14202/
vetworld.2021.523-536 

https://doi.org/10.1016/j.ijbiomac.2016.01.031
https://doi.org/10.1590/1806-9061-2020-1328
https://doi.org/10.3382/ps.2010-00745
https://doi.org/10.3382/ps.2010-00745
https://doi.org/10.4314/sajas.v50i5.2
https://doi.org/10.4314/sajas.v50i5.2
https://doi.org/10.1590/1806-9061-2016-0409
https://doi.org/10.1016/j.anifeedsci.2012.08.005
https://doi.org/10.1016/j.psj.2021.101508
https://doi.org/10.1016/j.psj.2021.101508
https://doi.org/10.14202/vetworld.2021.523-536
https://doi.org/10.14202/vetworld.2021.523-536


CHAPTER 6 – ANNEXES 93

Song, J., Li, Q., Everaert, N., Liu, R., Zheng, M., Zhao, G. & Wen, J. 2020. Dietary 
Inulin Supplementation modulates short-chain fatty acid levels and cecum 
microbiota composition and function in chickens infected with Salmonella. 
Frontiers in Microbiology, 11. https://www.frontiersin.org/articles/10.3389/
fmicb.2020.584380 

Sornplang, P., Leelavatcharamas, V. & Soikum, C. 2015. Heterophil phagocytic 
activity stimulated by Lactobacillus salivarius L61 and L55 supplementation 
in broilers with Salmonella infection. Asian-Australasian Journal of Animal 
Sciences, 28(11): 1657–1661. https://doi.org/10.5713/ajas.15.0359 

Spišáková, V., Levkutová, M., Revajová, V., Ševčíková, Z., Lauková, A., Levkut, 
M., Strompfová, V., Pistl, J. & Levkut, M. 2013. Leukocytic response and 
composition of enteral microbiota in chickens fed a sage extract supplemented 
diet and infected with Salmonella Enteritidis PT4. Food and Agricultural 
Immunology, 24(1): 33–45. https://doi.org/10.1080/09540105.2011.640994 

Tabashsum, Z., Peng, M., Alvarado-Martinez, Z., Aditya, A., Bhatti, J., Romo, 
P.B., Young, A. & Biswas, D. 2020. Competitive reduction of poultry-borne 
enteric bacterial pathogens in chicken gut with bioactive Lactobacillus casei. 
Scientific Reports, 10(1): 16259. https://doi.org/10.1038/s41598-020-73316-5 

Telg, B.E. & Caldwell, D.J. 2009. Efficacy testing of a defined competitive exclusion 
product in combination with fructooligosaccharide for protection against 
Salmonella Typhimurium challenge in broiler chicks. Journal of Applied 
Poultry Research, 18(3): 521–529. https://doi.org/10.3382/japr.2009-00003 

Thomas, J.V., Nair, D.V.T., Noll, S., Johnson, T.J., Cardona, C. & Johny, A.K. 
2019. Effect of turkey-derived beneficial bacteria Lactobacillus salivarius 
and Lactobacillus ingluviei on a multidrug-resistant Salmonella Heidelberg 
strain in turkey poults. Journal of Food Protection, 82(3): 435–440. https://
doi.org/10.4315/0362-028X.JFP-18-286 

Vandeplas, S., Dauphin, R.D., Thiry, C., Beckers, Y., Welling, G.W., Thonart, 
P. & Théwis, A. 2009. Efficiency of a Lactobacillus plantarum-xylanase 
combination on growth performances, microflora populations, and nutrient 
digestibilities of broilers infected with Salmonella Typhimurium. Poultry 
Science, 88(8): 1643–1654. https://doi.org/10.3382/ps.2008-00479

Vandeplas, S., Dubois Dauphin, R., Thiry, C., Beckers, Y., Welling, G.W., 
Thonart, P. & Théwis, A. 2010. Erratum to “Efficiency of a Lactobacillus 
plantarum-xylanase combination on growth performances, microflora 
populations, and nutrient digestibilities of broilers infected with Salmonella 
Typhimurium” (Poult. Sci. 88:1643–1654). Poultry Science, 89(7): 1569. 
https://doi.org/10.3382/ps.2010-89-7-1569 

https://www.frontiersin.org/articles/10.3389/fmicb.2020.584380
https://www.frontiersin.org/articles/10.3389/fmicb.2020.584380
https://doi.org/10.5713/ajas.15.0359
https://doi.org/10.1080/09540105.2011.640994
https://doi.org/10.1038/s41598-020-73316-5
https://doi.org/10.3382/japr.2009-00003
https://doi.org/10.4315/0362-028X.JFP-18-286
https://doi.org/10.4315/0362-028X.JFP-18-286
https://doi.org/10.3382/ps.2008-00479
https://doi.org/10.3382/ps.2010-89-7-1569


94 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

Vicente, J.L., Torres-Rodriguez, A., Higgins, S.E., Pixley, C., Tellez, G., 
Donoghue, A.M. & Hargis, B.M. 2008. Effect of a selected Lactobacillus 
spp.-based probiotic on Salmonella enterica serovar Enteritidis-infected 
broiler chicks. Avian Diseases, 52(1): 143–146. https://doi.org/10.1637/7847-
011107-ResNote

Vilà, B., Fontgibell, A., Badiola, I., Esteve-Garcia, E., Jiménez, G., Castillo, 
M. & Brufau, J. 2009. Reduction of Salmonella enterica var. Enteritidis 
colonization and invasion by Bacillus cereus var. toyoi inclusion in poultry 
feeds. Poultry Science, 88(5): 975–979. https://doi.org/10.3382/ps.2008-00483 

Vilà, B., de Queiroz, D., Badiola, I., Pérez-Vendrell, A. & Brufau, J. 2012. Effects 
of carob bean gum on performance, nutrient digestibility and Salmonella 
enterica var. Enteritidis colonisation in chickens. Food Research International, 
45(2): 1133–1138. https://doi.org/10.1016/j.foodres.2011.05.010

Villagrán-de la Mora, Z., Nuño, K., Vázquez-Paulino, O., Avalos, H., Castro-
Rosas, J., Gómez-Aldapa, C., Angulo, C., Ascencio, F. & Villarruel-
López, A. 2019. Effect of a synbiotic mix on intestinal structural changes, 
and Salmonella Typhimurium and Clostridium perfringens colonization in 
broiler chickens. Animals, 9(10): 777. https://doi.org/10.3390/ani9100777 

Vineetha, P.G., Tomar, S., Saxena, V.K., Kapgate, M., Suvarna, A. & Adil, K. 
2017. Effect of laboratory-isolated Lactobacillus plantarum LGFCP4 from 
gastrointestinal tract of guinea fowl on growth performance, carcass traits, 
intestinal histomorphometry and gastrointestinal microflora population in 
broiler chicken. Journal of Animal Physiology and Animal Nutrition, 101(5): 
e362–e370. https://doi.org/10.1111/jpn.12613

Wang, L.C., Zhang, T.T., Wen, C., Jiang, Z.Y., Wang, T. & Zhou, Y.M. 2012. 
Protective effects of zinc-bearing clinoptilolite on broilers challenged 
with Salmonella pullorum. Poultry Science, 91(8): 1838–1845. https://doi.
org/10.3382/ps.2012-02284

Wang, Y., Li, J., Xie, Y., Zhang, H., Jin, J., Xiong, L. & Liu, H. 2021. Effects of 
a probiotic-fermented herbal blend on the growth performance, intestinal 
flora and immune function of chicks infected with Salmonella pullorum. 
Poultry Science, 100(7): 101196. https://doi.org/10.1016/j.psj.2021.101196  

Willis, W.L., King, K., Iskhuemhen, O.S. & Ibrahim, S.A. 2009. Administration 
of mushroom extract to broiler chickens for bifidobacteria enhancement 
and Salmonella reduction. Journal of Applied Poultry Research, 18(4): 658–
664. https://doi.org/10.3382/japr.2008-00101 

https://doi.org/10.1637/7847-011107-ResNote
https://doi.org/10.1637/7847-011107-ResNote
https://doi.org/10.3382/ps.2008-00483
https://doi.org/10.3390/ani9100777
https://doi.org/10.1111/jpn.12613
https://doi.org/10.3382/ps.2012-02284
https://doi.org/10.3382/ps.2012-02284
https://doi.org/10.1016/j.psj.2021.101196
https://doi.org/10.3382/japr.2008-00101


CHAPTER 6 – ANNEXES 95

Wolfenden, R.E., Pumford, N.R., Morgan, M.J., Shivaramaiah, S., Wolfenden, 
A.D., Pixley, C.M., Green, J., Tellez, G. & Hargis, B.M. 2011. Evaluation of 
selected direct-fed microbial candidates on live performance and Salmonella 
reduction in commercial turkey brooding houses. Poultry Science, 90(11): 
2627–2631. https://doi.org/10.3382/ps.2011-01360

Wu, Y.-T., Yang, W.-Y., Samuel Wu, Y.-H., Chen, J.-W. & Chen, Y.-C. 2020. 
Modulations of growth performance, gut microbiota, and inflammatory 
cytokines by trehalose on Salmonella Typhimurium-challenged broilers. 
Poultry Science, 99(8): 4034–4043. https://doi.org/10.1016/j.psj.2020.03.053 

Xing, J.-H., Zhao, W., Li, Q.-Y., Yang, G.-L., Zhang, R.-R., Chen, H.-L., Li, 
Y. et al. 2021. Bacillus subtilis BSH has a protective effect on Salmonella 
infection by regulating the intestinal flora structure in chickens. Microbial 
Pathogenesis, 155: 104898. https://doi.org/10.1016/j.micpath.2021.104898 

Xing, R.E., Yang, H.Y., Wang, X.Q., Yu, H.H., Liu, S., Chen, X.L. & Li, P.C. 2018. 
Effect of enzymatically hydrolyzed scallop visceral protein powder used as 
a replacement of fish meal on the growth performance, immune responses, 
intestinal microbiota and intestinal morphology of broiler chickens. Livestock 
Science, 207: 15–24. https://doi.org/10.1016/j.livsci.2017.10.004 

Xing, S.-C., Mi, J.-D., Chen, J.-Y., Hu, J.-X. & Liao, X.-D. 2020. Metabolic 
activity of Bacillus coagulans R11 and the health benefits of and potential 
pathogen inhibition by this species in the intestines of laying hens under 
lead exposure. Science of the Total Environment, 709: 134507. https://doi.
org/10.1016/j.scitotenv.2019.134507 

Yamawaki, R.A., Milbradt, E.L., Coppola, M.P., Rodrigues, J.C.Z., Andreatti 
Filho, R.L., Padovani, C.R. & Okamoto, A.S. 2013. Effect of immersion 
and inoculation in ovo of Lactobacillus spp. in embryonated chicken eggs in 
the prevention of Salmonella Enteritidis after hatch. Poultry Science, 92(6): 
1560–1563. https://doi.org/10.3382/ps.2012-02936 

Yang, X., Brisbin, J., Yu, H., Wang, Q., Yin, F., Zhang, Y., Sabour, P., Sharif, S. 
& Gong, J. 2014. Selected lactic acid-producing bacterial isolates with the 
capacity to reduce Salmonella translocation and virulence gene expression in 
chickens. Plos One, 9(4): e93022. http://doi.org/10.1371/journal.pone.0093022 

Yang, J., Qian, K., Zhang, W., Xu, Y. & Wu, Y. 2016. Effects of chromium-
enriched bacillus subtilis KT260179 supplementation on chicken growth 
performance, plasma lipid parameters, tissue chromium levels, cecal bacterial 
composition and breast meat quality. Lipids in Health and Disease, 15(1): 
188. https://doi.org/10.1186/s12944-016-0355-8 

https://doi.org/10.3382/ps.2011-01360
https://doi.org/10.1016/j.psj.2020.03.053
https://doi.org/10.1016/j.micpath.2021.104898
https://doi.org/10.1016/j.livsci.2017.10.004
https://doi.org/10.1016/j.scitotenv.2019.134507
https://doi.org/10.1016/j.scitotenv.2019.134507
https://doi.org/10.3382/ps.2012-02936
http://doi.org/10.1371/journal.pone.0093022
https://doi.org/10.1186/s12944-016-0355-8


96 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

Yang, Y., Latorre, J.D., Khatri, B., Kwon, Y.M., Kong, B.W., Teague, K.D., 
Graham, L.E. et al. 2018. Characterization and evaluation of lactic acid 
bacteria candidates for intestinal epithelial permeability and Salmonella 
Typhimurium colonization in neonatal turkey poults. Poultry Science, 97(2): 
515–521. https://doi.org/10.3382/ps/pex311 

Zduńczyk, Z., Jankowski, J., Kaczmarek, S. & Juśkiewicz, J. 2015. Determinants 
and effects of postileal fermentation in broilers and turkeys part 1: gut microbiota 
composition and its modulation by feed additives. World’s Poultry Science 
Journal, 71(1): 37–48. https://doi.org/10.1017/S00439339150 00045 

Zdunczyk, Z., Mikulski, D., Jankowski, J., Przybylska-Gornowicz, B., Sosnowska, 
E., Juskiewicz, J., Amarowicz, R. & Slominski, B.A. 2018. Effects of 
dietary inclusion of high- and low-tannin faba bean (Vicia faba L.) seeds 
on microbiota, histology and fermentation processes of the gastrointestinal 
tract in finisher turkeys. Animal Feed Science and Technology, 240: 184–196. 
https://doi.org/10.1016/j.anifeedsci.2018.04.006 

Zhang, L., Zhang, R., Jia, H., Zhu, Z., Li, H. & Ma, Y. 2021. Supplementation of 
probiotics in water beneficial growth performance, carcass traits, immune 
function, and antioxidant capacity in broiler chickens. Open Life Sciences, 
16(1): 311–322. https://doi.org/10.1515/biol-2021-0031 

Zhang, X.H., Sun, Z.Y., Cao, F.L., Ahmad, H., Yang, X.H., Zhao, L.G. & Wang, 
T. 2015. Effects of dietary supplementation with fermented ginkgo leaves on 
antioxidant capacity, intestinal morphology and microbial ecology in broiler 
chicks. British Poultry Science, 56(3): 370–380. https://doi.org/10.1080/0007
1668.2015.1030590 

Zhang, Z.F. & Kim, I.H. 2013. Effects of probiotic supplementation in different 
energy and nutrient density diets on performance, egg quality, excreta microflora, 
excreta noxious gas emission, and serum cholesterol concentrations in laying 
hens. Journal of Animal Science, 91(10): 4781–4787. https://doi.org/10.2527/
jas.2013-6484 

Zhao, X., Yang, J., Wang, L., Lin, H. & Sun, S. 2017. Protection mechanism of 
Clostridium butyricum against Salmonella Enteritidis infection in broilers. 
Frontiers in Microbiology, 8: 1523. https://www.frontiersin.org/articles/10.33 
89/fmicb.2017.01523 

Zhen, W., Shao, Y., Gong, X., Wu, Y., Geng, Y., Wang, Z. & Guo, Y. 2018. Effect 
of dietary Bacillus coagulans supplementation on growth performance and 
immune responses of broiler chickens challenged by Salmonella Enteritidis. 
Poultry Science, 97(8): 2654–2666. https://doi.org/10.3382/ps/pey119 

https://doi.org/10.3382/ps/pex311
https://doi.org/10.1017/S0043933915000045
https://doi.org/10.1016/j.anifeedsci.2018.04.006
https://doi.org/10.1515/biol-2021-0031
https://doi.org/10.1080/00071668.2015.1030590
https://doi.org/10.1080/00071668.2015.1030590
https://doi.org/10.2527/jas.2013-6484
https://doi.org/10.2527/jas.2013-6484
https://www.frontiersin.org/articles/10.3389/fmicb.2017.01523
https://www.frontiersin.org/articles/10.3389/fmicb.2017.01523
https://doi.org/10.3382/ps/pey119


CHAPTER 6 – ANNEXES 97

2.1.6    Feed and water acidification approaches for the control of 
Salmonella

Adhikari, P., Yadav, S., Cosby, D.E., Cox, N.A., Jendza, J.A. & Kim, W.K. 2020. 
Research note: effect of organic acid mixture on growth performance and 
Salmonella Typhimurium colonization in broiler chickens. Poultry Science, 
99(5): 2645–2649. https://doi.org/10.1016/j.psj.2019.12.037 

Alali, W.Q., Hofacre, C.L., Mathis, G.F., Faltys, G., Ricke, S.C. & Doyle, 
M.P. 2013. Effect of non-pharmaceutical compounds on shedding and 
colonization of Salmonella enterica serovar Heidelberg in broilers. Food 
Control, 31(1): 125–128. https://doi.org/10.1016/j.foodcont.2012.10.001

Amalaradjou, M.A.R., Anu, S.C., Baskaran, S.A., Darre, M.J., Donoghue, A.M., 
Donoghue, D.J., Hoagland, T.A., Khan, M.I., Kollanoor-Johny A., Schreiber, 
D.T. & Venkitanarayanan, K. 2009. Phrophylactic supplementation 
of caprylic acid in feed reduces Salmonella enteriditis colonization in 
commercial broiler chicks. Journal of Food Protection, 72(4): 72–77. https://
doi.org/10.4315/0362-028X-72.4.722 

Amalaradjou, M.A.R., Baskaran, S.A., Darre, M.J., Donoghue, A.M., Donoghue, 
D.J., Hoagland, T.A., Khan, M.I., Kollanoor-Johny A., Mattson, T. Schreiber, D.T. & 
Venkitanarayanan, K. 2012. Caprylic acid reduces Salmonella Enteritides 
populations in various segments of digestive tract and internal organs of 
3-and 6-week-old broiler chickens, therapeutically. Poultry Science, 91(7): 
1686–1694. https://doi.org/10.3382/ps.2011-01716 

Attia, Y.A., Ellakany, H., abd El-Hamid, A.E., Bovera, F. & Ghazaly, S.A. 2012. 
Control of Salmonella Enteritidis infection in male layer chickens by acetic 
acid and/or prebiotics, probiotics and antibiotics. Archiv fur Geflugelkunde, 
76(4): 239–245.

Bassan, J.D.L., Flôres, M.L., Antoniazzi, T., Bianchi, E., Kuttel, J. & Trindade, 
M.M. 2008. Control of the infection caused by Salmonella Enteritidis with 
organic acids and mannanoligosaccharide in broiler. Ciência Rural, 38(7). 
https://doi.org/10.1590/S0103-84782008000700025 

Borsoi, A., Santos, L., Diniz, G., Salle, C., Moraes, H. & Nascimento, V. 2011. 
Salmonella fecal excretion control in broiler chickens by organic acids and 
essential oils blend feed added. Revista Brasileira de Ciencia Avicola, 13: 
65–69. https://doi.org/10.1590/S1516-635X2011000100010 

https://doi.org/10.1016/j.psj.2019.12.037
https://doi.org/10.1016/j.foodcont.2012.10.001
https://doi.org/10.4315/0362-028X-72.4.722
https://doi.org/10.4315/0362-028X-72.4.722
https://doi.org/10.3382/ps.2011-01716
https://doi.org/10.1590/S0103-84782008000700025
https://doi.org/10.1590/S1516-635X2011000100010


98 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

Bourassa, D.V., Wilson, K.M., Ritz, C.R., Kiepper, B.K. & Buhr, R.J. 2018. 
Evaluation of the addition of organic acids in the feed and/or water for 
broilers and the subsequent recovery of Salmonella Typhimurium from litter 
and ceca. Poultry Science, 97(1): 64–73. https://doi.org/10.3382/ps/pex289 

Chotikatum, S., Kramomthong, I. & Angkanaporn, K. 2009. Effects of medium 
chain fatty acids, organic acids and fructo-oligosaccharide on cecal Salmonella 
Enteritidis colonization and intestinal parameters of broilers. Thai Journal of 
Veterinary Medicine, 39(3): 245–258. https://he01.tci-thaijo.org/index.php/
tjvm/article/view/35853 

El Baaboua, A., El Maadoudi, M., Bouyahya, A., Belmehdi, O., Kounnoun, 
A., Zahli, R. & Abrini, J. 2018. Evaluation of antimicrobial activity of four 
organic acids used in chicks feed to control Salmonella Typhimurium: 
suggestion of amendment in the search standard. International Journal of 
Microbiology, 2018: 7352593. https://doi.org/10.1155/2018/7352593 

Fernández-Rubio, C., Ordóñez, C., Abad-González, J., Garcia-Gallego, A., 
Honrubia, M.P., Mallo, J.J. & Balaña-Fouce, R. 2009. Butyric acid-based feed 
additives help protect broiler chickens from Salmonella Enteritidis infection. 
Poultry Science, 88(5): 943–948. https://doi.org/10.3382/ps.2008-00484 

Hernandez-Patlan, D., Solís-Cruz, B., Pontin, K.P., Latorre, J.D., Baxter, 
M.F.A., Hernandez-Velasco, X., Merino-Guzman, R., Méndez-Albores, 
A., Hargis, B.M., Lopez-Arellano, R. & Tellez-Isaias, G. 2019. Evaluation 
of the dietary supplementation of a formulation containing ascorbic 
acid and a solid dispersion of curcumin with boric acid against Salmonella 
Enteritidis and necrotic enteritis in broiler chickens. Animals, 9(4): 184. 
https://doi.org/10.3390/ani9040184 

Hernandez-Patlan, D., Solis-Cruz, B., Adhikari, B., Pontin, K.P., Latorre, J.D., 
Baxter, M.F.A., Hernandez-Velasco, X., Merino-Guzman, R., Méndez-
Albores, A., Kwon, Y.M., Hargis, B.M., López-Arellano, R., Arreguin-
Nava, M.A. & Tellez-Isaias, G. 2019. Evaluation of the antimicrobial and 
intestinal integrity properties of boric acid in broiler chickens infected with 
Salmonella Enteritidis: proof of concept. Research in Veterinary Science, 
123(4): 7–13. https://doi.org/10.1016/j.rvsc.2018.12.004 

Hernandez-Patlan, D., Solis-Cruz, B., Pontin, K.P., Latorre, J.D., Hernandez-
Velasco, X., Merino-Guzman, R., Mendez-Albores, A., Hargis, B.M., 
Lopez-Arellano, R. & Tellez-Isaias, G. 2019. Evaluation of ascorbic acid 
or curcumin formulated in a solid dispersion on Salmonella Enteritidis 
infection and intestinal integrity in broiler chickens. Pathogens 8(4): 229. 
https://doi.org/10.3390/pathogens8040229 

https://doi.org/10.3382/ps/pex289
https://he01.tci-thaijo.org/index.php/tjvm/article/view/35853
https://he01.tci-thaijo.org/index.php/tjvm/article/view/35853
https://doi.org/10.1155/2018/7352593
https://doi.org/10.3382/ps.2008-00484
https://doi.org/10.3390/ani9040184
https://doi.org/10.1016/j.rvsc.2018.12.004
https://doi.org/10.3390/pathogens8040229


CHAPTER 6 – ANNEXES 99

Jazi, V., Foroozandeh, A.D., Toghyani, M., Dastar, B., Koochaksaraie, R.R. & 
Toghyani, M. 2018. Effects of Pediococcus acidilactici, mannan-oligosaccharide, 
butyric acid and their combination on growth performance and intestinal 
health in young broiler chickens challenged with Salmonella Typhimurium. 
Poultry Science, 97(6): 2034–2043. https://doi.org/10.3382/ps/pey035 

Kim, D., Kim, J.H., Kang, H., Akter, N., Kim, M.J., Na, J., Hwangbo, J., You, 
S., Choi, H.C., Suh, O. & Salim, H.M. 2014. Dietary supplementation of 
phenyllactic acid on growth performance, immune response, cecal microbial 
population, and meat quality attributes of broiler chickens. Journal of Applied 
Poultry Research, 23(4): 661–670. https://doi.org/10.3382/japr.2014-00974 

Kollanoor-Johny, A., Baskaran, S.A., Charles, A.S., Amalaradjou, M.A.R., Darre, 
M.J., Khan, M.I., Hoagland, T.A., Schreiber, D.T., Donoghue, A.M., 
Donoghue, D.J. & Venkitanarayanan, K. 2009. Prophylactic supplementation 
of caprylic acid in feed reduces Salmonella Enteritidis colonization in 
commercial broiler chicks. Journal of Food Protection, 72(4): 722–727. https: 
//doi.org/10.4315/0362-028X-72.4.722

Lilly, K.G.S., Shires, L.K., West, B.N., Beaman, K.R., Loop, S.A., Turk, P.J., 
Bissonnette, G.K. & Moritz, J.S. 2011. Strategies to improve performance 
and reduce preslaughter Salmonella in organic broilers. Journal of Applied 
Poultry Research, 20(3): 313–321. https://doi.org/10.3382/japr.2010-00245 

Machado Junior, P.C., Beirão, B.C.B., Fernandes Filho, T., Lourenço, M.C., 
Joineau, M.L., Santin, E. & Caron, L.F. 2014. Use of blends of organic 
acids and oregano extracts in feed and water of broiler chickens to control 
Salmonella Enteritidis persistence in the crop and ceca of experimentally 
infected birds. Journal of Applied Poultry Research, 23(4): 671–682. https://
doi.org/10.3382/japr.2014-00979 

Nascimento, G.M., Cervi, R.C., dos Santos, J.B., de Paiva Mota, B., Leonídio, 
A.R.A., Leandro, N.S.M., Café, M.B. & Andrade, M.A. 2019. Effects of 
Curcuma longa on the intestinal health of chicks infected with Salmonella 
Typhimurium. Revista Brasileira de Zootecnia, 48:e20180197. https://doi.
org/10.1590/rbz4820180197 

Onrust, L., Baeyen, S., Haesebrouck, F., Ducatelle, R. & Van Immerseel, F. 
2020. Effect of in feed administration of different butyrate formulations 
on Salmonella Enteritidis colonization and cecal microbiota in broilers. 
Veterinary Research, 51(1): 56. https://doi.org/10.1186/s13567-020-00780-2 

https://doi.org/10.3382/ps/pey035
https://doi.org/10.3382/japr.2014-00974
https://doi.org/10.4315/0362-028X-72.4.722
https://doi.org/10.4315/0362-028X-72.4.722
https://doi.org/10.3382/japr.2010-00245
https://doi.org/10.3382/japr.2014-00979
https://doi.org/10.3382/japr.2014-00979
https://doi.org/10.1590/rbz4820180197
https://doi.org/10.1590/rbz4820180197
https://doi.org/10.1186/s13567-020-00780-2


100 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

Pickler, L., Muniz, E.C., Kuritza, L., Lourenco, M.C. & Santin, E. 2014. Immune 
response and use of organic acids in broilers challenged with Salmonella 
Minnesota. Acta Scientiae Veterinariae, 42: 1203. https://www.ufrgs.br/
actavet/42/PUB%201203.pdf 

Pineda, M.R., Byrd, J.A., Genovese, K.J., Farnell, Y.Z., Zhao, D., Wang, 
X., Milby, A.C. & Farnell, M.B. 2021. Evaluation of sodium bisulfate 
on reducing Salmonella Heidelberg biofilm and colonization in broiler 
crops and ceca. Microorganisms, 9(10):2047. https://doi.org/10.3390/
microorganisms9102047 

Skřivanová, E., Hovorková, P., Čermák, L. & Marounek, M. 2015. Potential use of 
caprylic acid in broiler chickens: effect on Salmonella Enteritidis. Foodborne 
Pathogens and Disease, 12(1): 62–67. https://doi.org/10.1089/fpd.2014.1833 

Sobotik, E.B., Ramirez, S., Roth, N., Tacconi, A., Pender, C., Murugesan, R. & 
Archer, G.S. 2021. Evaluating the effects of a dietary synbiotic or synbiotic 
plus enhanced organic acid on broiler performance and cecal and carcass 
Salmonella load. Poultry Science, 100(12): 101508. https://doi.org/10.1016/
j.psj.2021.101508 

Wales, A.D., Allen, V.M. & Davies, R.H. 2010. Chemical treatment of animal 
feed and water for the control of Salmonella. Foodborne Pathogens and 
Disease, 7(1): 3–15. https://doi.org/10.1089/fpd.2009.0373 

Wales, A.D., Mclaren, I., Rabie, A., Gosling, B., Martelli, F., Sayers, R. & 
Davies, R. 2013. Assessment of anti-Salmonella activity of commercial 
formulations of organic acid products. Avian Pathology, 42(3): 268–275. 
https://doi.org/10.1080/03079457.2013.782097 

2.1.7    Feed characteristics and management approaches for the 
control of NT-Salmonella spp. 

Abdel-Latif, E.A., Ibrahim, Z.A., Reda, F.M. & Alagawany, M. 2020. Effect of 
Aspergillus japonicas culture filtrate on performance, carcase yield, digestive 
enzymes, intestinal microbiota and blood constituents of quail. Italian 
Journal of Animal Science, 19(1): 1057–1064. http://doi.org/10.1080/182805
1X.2020.1816510

Abudabos, A.M., Hussein, E.O.S., Ali, M.H. & Al-Ghadi, M.Q. 2019. The 
effect of some natural alternative to antibiotics on growth and changes in 
intestinal histology in broiler exposed to Salmonella challenge. Poultry 
Science, 98(3): 1441–1446. http://doi.org/10.3382/ps/pey449

https://www.ufrgs.br/actavet/42/PUB%201203.pdf
https://www.ufrgs.br/actavet/42/PUB%201203.pdf
https://doi.org/10.3390/microorganisms9102047
https://doi.org/10.3390/microorganisms9102047
https://doi.org/10.1089/fpd.2014.1833
https://doi.org/10.1016/j.psj.2021.101508
https://doi.org/10.1016/j.psj.2021.101508
https://doi.org/10.1089/fpd.2009.0373
https://doi.org/10.1080/03079457.2013.782097
http://doi.org/10.1080/1828051X.2020.1816510
http://doi.org/10.1080/1828051X.2020.1816510
http://doi.org/10.3382/ps/pey449


CHAPTER 6 – ANNEXES 101

Al-Khalaifa, H., Al-Nasser, A., Al-Surayee, T., Al-Kandari, S., Al-Enzi, N., Al-
Sharrah, T., Ragheb, G., Al-Qalaf, S. & Mohammed, A. 2019. Effect of 
dietary probiotics and prebiotics on the performance of broiler chickens. 
Poultry Science, 98(10): 4465–4479. http://doi.org/10.3382/ps/pez282

Alali, W.Q., Hofacre, C.L., Mathis, G.F. & Faltys, G. 2013. Effect of essential 
oil compound on shedding and colonization of Salmonella enterica 
serovar Heidelberg in broilers. Poultry Science, 92(3): 836–841. http://doi.
org/10.3382/ps.2012-02783

Amerah, A.M., Mathis, G. & Hofacre, C.L. 2021. Effect of xylanase and a blend 
of essential oils on performance and Salmonella colonization of broiler 
chickens challenged with Salmonella Heidelberg. Poultry Science, 91(4): 
943–947. http://doi.org/10.3382/ps.2011-01922

Ashayerizadeh, A., Dastar, B., Shargh, M.S., Mahoonak, A.S. & Zerehdaran, 
S. 2017. Fermented rapeseed meal is effective in controlling Salmonella 
enterica serovar Typhimurium infection and improving growth performance 
in broiler chicks. Veterinary Microbiology, 20(3): 93–102. http://doi.
org/10.1016/j.vetmic.2017.01.007

Biloni, A., Quintana, C.F., Menconi, A., Kallapura, G., Latorre, J., Pixley, 
C., Layton, S., Dalmagro, M., Hernandez-Velasco, X., Wolfenden, A., 
Hargis, B.M. & Tellez, G. 2013. Evaluation of effects of EarlyBird associated 
with FloraMax-B11 on Salmonella Enteritidis, intestinal morphology, and 
performance of broiler chickens. Poultry Science, 92(9): 2337–2346. http://
doi.org/10.3382/ps.2013-03279

Byrd, J.A., Burnham, M.R., McReynolds, J.L. Andersen, R.C., Genovese, 
K.J., Callaway, T.R., Kubena, L.F. & Nisbet, D.J. 2008. Evaluation of an 
experimental chlorate product as a preslaughter feed supplement to reduce 
Salmonella in meat-producing birds. Poultry Science, 87(9): 1883–1888. 
http://doi.org/10.3382/ps.2007-00502

Caraway, C.T., Walker, G.K. & Brake, J. 2019. The effects of coarse corn and 
refined functional carbohydrates on the live performance and cecal Salmonella 
prevalence in coccidiosis-vaccinated broilers. Poultry Science, 98(10): 4565–
4574. http://doi.org/10.3382/ps/pez302

Cardoso-Júnior, G.S., Rocha, G.F., Souza, D.M., Lopes, C.C., Pereira, H.B.J., 
Blank, A.F., Barbosa, F.H.F., Silva, C.M., Rodrigues, P.G. & Oliveira-
Júnior, G.M. 2021. Inhibitory action of Lippia gracilis Schauer essential oil on 
pathogenic bacteria and its effects as a growth promoter on quail. Spanish 
Journal of Agricultural Research, 19(1). http://doi.org/10.5424/sjar/2021191-
16101

http://doi.org/10.3382/ps/pez282
http://doi.org/10.3382/ps.2012-02783
http://doi.org/10.3382/ps.2012-02783
http://doi.org/10.3382/ps.2011-01922
http://doi.org/10.1016/j.vetmic.2017.01.007
http://doi.org/10.1016/j.vetmic.2017.01.007
http://doi.org/10.3382/ps.2013-03279
http://doi.org/10.3382/ps.2013-03279
http://doi.org/10.3382/ps.2007-00502
http://doi.org/10.3382/ps/pez302
http://doi.org/10.5424/sjar/2021191-16101
http://doi.org/10.5424/sjar/2021191-16101


102 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

Cerisuelo, A., Marín, C., Sánchez-Vizcaíno, F., Gómez, E.A., de la Fuente, J.M., 
Durán, R. & Fernández, C. 2014. The impact of a specific blend of essential 
oil components and sodium butyrate in feed on growth performance and 
Salmonella counts in experimentally challenged broilers. Poultry Science, 
93(3): 599–606. http://doi.org/10.3382/ps.2013-03528

Chalghoumi, R., Marcq, C., Théwis, A., Portetelle, D. & Beckers, Y. 2009. 
Effects of feed supplementation with specific hen egg yolk antibody 
(immunoglobin Y) on Salmonella species cecal colonization and growth 
performances of challenged broiler chickens. Poultry Science, 88(10): 2081–
2092. http://doi.org/10.3382/ps.2009-00173

de Barros Moreira Filho, A.L., de Oliveira, C.J.B., de Oliveira, H.B., Barreiro 
Campos, D.B., Romão Guerra, R.R., Perazzo Costa, F.G. & Naves Givisiez, 
P.E. 2015. High incubation temperature and threonine dietary level improve 
ileum response against post-hatch Salmonella Enteritidis inoculation in 
broiler chicks. Plos One, 10(7). http://doi.org/10.1371/journal.pone.0131474

Delgado, R., Latorre, J.D., Vicuña, E., Hernandez-Velasco, X., Vicente, J.L., 
Menconi, A., Kallapura, G., Layton, S., Hargis, B.M. & Téllez G. 2014. 
Glycerol supplementation enhances the protective effect of dietary FloraMax 
-B11 against Salmonella Enteritidis colonization in neonate broiler chickens. 
Poultry Science, 93(9): 2363–2369. http://doi.org/10.3382/ps.2014-03927

Donato, T.C., Baptista, A.A.S., Garcia, K.C.O.D., Smaniotto, B.D., 
Okamoto, A.S., Sequeira, J.L. & Andreatti Filho, R.L. 2015. Effects 
of 5-hydroxytryptophan and m-hydroxybenzylhydrazine associated to 
Lactobacillus spp. on the humoral response of broilers challenged with 
Salmonella Enteritidis. Poultry Science, 94(9): 2081–2087. http://doi.
org/10.3382/ps/pev206

Eeckhaut, V., Van Immerseel, F. Dewulf, J., Pasmans, F., Haesebrouck, F., 
Ducatelle, R., Courtin, C.M., Delcour, J.A. & Broekaert, W.F. 2008. 
Arabinoxylooligosaccharides from wheat bran inhibit Salmonella colonization 
in broiler chickens. Poultry Science, 87(11): 2329–2334. http://doi.org/10.33 
82/ps.2008-00193

Faber, T.A., Dilger, R.N., Iakiviak, M., Hopkins, A.C., Price, N.P. & Fahey 
Jr., G.C. 2012. Ingestion of a novel galactoglucomannan oligosaccharide-
arabinoxylan (GGMO-AX) complex affected growth performance and 
fermentative and immunological characteristics of broiler chicks challenged 
with Salmonella typhimurium. Poultry Science, 91(9): 2241–2254. http://doi.
org/10.3382/ps.2012-02189

http://doi.org/10.3382/ps.2013-03528
http://doi.org/10.3382/ps.2009-00173
http://doi.org/10.1371/journal.pone.0131474
http://doi.org/10.3382/ps.2014-03927
http://doi.org/10.3382/ps/pev206
http://doi.org/10.3382/ps/pev206
http://doi.org/10.3382/ps.2008-00193
http://doi.org/10.3382/ps.2008-00193
http://doi.org/10.3382/ps.2012-02189
http://doi.org/10.3382/ps.2012-02189


CHAPTER 6 – ANNEXES 103

Fasina, Y.O., Bowers, J.B., Hess, J.B. & McKee, S.R. 2010. Effect of dietary glutamine 
supplementation on Salmonella colonization in the ceca of young broiler chicks. 
Poultry Science, 89(5): 1042–1048. http://doi.org/10.3382/ps.2009-00415

Fernández-Rubio, C., Ordóñez, C., Abad-González, J., Garcia-Gallego, A., 
Pilar Honrubia, M., Jose Mallo, J. & Balaña-Fouce R. 2009. Butyric 
acid-based feed additives help protect broiler chickens from Salmonella 
Enteritidis infection. Poultry Science, 88(5): 943–948. http://doi.org/10.3382/
ps.2008-00484

Feye, K.M., Anderson, K.L., Scott, M.F., McIntyre, D.R. & Carlson, S.A. 2016. 
Inhibition of the virulence, antibiotic resistance, and fecal shedding of 
multiple antibiotic-resistant Salmonella Typhimurium in broilers fed Original 
XPC. Poultry Science, 95(12): 2902–2910. http://doi.org/10.3382/ps/pew254

Gan, L., Fan, H., Mahmood, T. & Guo, Y. 2020. Dietary supplementation with 
vitamin C ameliorates the adverse effects of Salmonella Enteritidis-challenge 
in broilers by shaping intestinal microbiota. Poultry Science, 99(7): 3663–
3674. http://doi.org/10.1016/j.psj.2020.03.062

Gonzalez-Gil, F., Diaz-Sanchez, S., Pendleton, S., Andino, A., Zhang, N., Yard, 
C., Crilly, N., Harte, F. & Hanning, I. 2014. Yerba mate enhances probiotic 
bacteria growth in vitro but as a feed additive does not reduce Salmonella 
Enteritidis colonization in vivo. Poultry Science, 93(2): 434–440. http://doi.
org/10.3382/ps.2013-03339

Grilli, E., Tugnoli, B., Formigoni, A., Massi, P., Fantinati, P., Tosi, G. & Piva, 
A. 2011. Microencapsulated sorbic acid and nature-identical compounds 
reduced Salmonella Hadar and Salmonella Enteritidis colonization in 
experimentally infected chickens. Poultry Science, 90(8): 1676–1682. http://
doi.org/10.3382/ps.2011-01441

Harris, C.E., Bartenfeld Josselson, L.N., Bourassa, D.V., Fairchild, B.D., 
Kiepper, B.H. & Buhr, R.J. 2019. Evaluation of drinking water antimicrobial 
interventions on water usage, feed consumption, and Salmonella retention 
in broilers following feed and water withdrawal. Journal of Applied Poultry 
Research, 28(3): 699–711. http://doi.org/10.3382/japr/pfz021

Hernandez-Patlan, D., Solis-Cruz, B., Pontin, K.P., Latorre, J.D., Hernandez-
Velasco, X., Merino-Guzman, R., Mendez-Albores, A., Hargis, B.M., 
Lopez-Arellano, R. & Tellez-Isaias, G. 2019. Evaluation of ascorbic acid 
or curcumin formulated in a solid dispersion on Salmonella Enteritidis 
infection and intestinal integrity in broiler chickens. Pathogens, 8(4). http://
doi.org/10.3390/pathogens8040229

http://doi.org/10.3382/ps.2009-00415
http://doi.org/10.3382/ps.2008-00484
http://doi.org/10.3382/ps.2008-00484
http://doi.org/10.3382/ps/pew254
http://doi.org/10.1016/j.psj.2020.03.062
http://doi.org/10.3382/ps.2013-03339
http://doi.org/10.3382/ps.2013-03339
http://doi.org/10.3382/ps.2011-01441
http://doi.org/10.3382/ps.2011-01441
http://doi.org/10.3382/japr/pfz021
http://doi.org/10.3390/pathogens8040229
http://doi.org/10.3390/pathogens8040229


104 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

Hughes, R.A., Ali, R.A., Mendoza, M.A., Hassan, H.M. & Koci, M.D. 2017. Impact 
of dietary galacto-oligosaccharide (GOS) on chicken’s gut microbiota, mucosal 
gene expression, and Salmonella colonization. Frontiers in Veterinary Science, 
4(11). http://doi.org/10.3389/fvets.2017.00192

Jazi, V., Foroozandeh, A.D., Toghyani, M., Dastar, B., Rezaie Koochaksaraie, R. & 
Toghyani, M. 2018. Effects of Pediococcus acidilactici, mannan-oligosaccharide, 
butyric acid and their combination on growth performance and intestinal 
health in young broiler chickens challenged with Salmonella Typhimurium. 
Poultry Science, 97(6): 2034–2043. http://doi.org/10.3382/ps/pey035

Jazi, V., Mohebodini, H., Ashayerizadeh, A., Shabani, A. & Barekatain, R. 2019. 
Fermented soybean meal ameliorates Salmonella Typhimurium infection 
in young broiler chickens. Poultry Science, 98(11): 5648–5660. http://doi.
org/10.3382/ps/pez338

Kassem, I.I., Sanad, Y.M., Stonerock, R. & Rajashekara, G. 2012. An evaluation 
of the effect of sodium bisulfate as a feed additive on Salmonella enterica 
serotype Enteritidis in experimentally infected broilers. Poultry Science, 
91(4): 1032–1037. http://doi.org/10.3382/ps.2011-01935

Kogut, M. H., He, H., Genovese, K.J. & Jiang, Y.W. 2010. Feeding the BT 
cationic peptides to chickens at hatch reduces cecal colonization by 
Salmonella enterica serovar Enteritidis and primes innate immune cell 
functional activity. Foodborne Pathogens and Disease, 7(1). http://doi.
org/10.1089/fpd.2009.0346

Kollanoor-Johny, A., Mattson, T., Baskaran, S.A., Amalaradjou, M.A., 
Babapoor, S., March, B., Valipe, S., Darre, M., Hoagland, T., Schreiber, D., 
Khan, M.I., Donoghue, A., Donoghue, D. & Venkitanarayanan, K. 2012. 
Reduction of Salmonella enterica serovar Enteritidis colonization in 20-day-
old broiler chickens by the plant-derived compounds trans-cinnamaldehyde 
and eugenol. Applied and Environmental Microbiology, 78(8): 2981–2987. 
http://doi.org/10.1128/AEM.07643-11

Kumar, S., Chen, C., Indugu, N., Werlang, G.O., Singh, M., Kim, W.K. & 
Thippareddi, H. 2018. Effect of antibiotic withdrawal in feed on chicken 
gut microbial dynamics, immunity, growth performance and prevalence 
of foodborne pathogens. Plos One 13(2). http://doi.org/10.1371/journal.
pone.0192450

http://doi.org/10.3389/fvets.2017.00192
http://doi.org/10.3382/ps/pey035
http://doi.org/10.3382/ps/pez338
http://doi.org/10.3382/ps/pez338
http://doi.org/10.3382/ps.2011-01935
http://doi.org/10.1089/fpd.2009.0346
http://doi.org/10.1089/fpd.2009.0346
file:///C:\Users\jpark\Downloads\%20Donoghue
http://doi.org/10.1128/AEM.07643-11
http://doi.org/10.1371/journal.pone.0192450
http://doi.org/10.1371/journal.pone.0192450


CHAPTER 6 – ANNEXES 105

Laptev, G.Y., Yildirim, E.A., Ilina, L.A., Filippova, V.A., Kochish, I.I., 
Gorfunkel, E.P., Dubrovin, A.V., Brazhnik, E.A., Narushin, V.G., 
Novikova, N.I., Novikova, O.B., Dunyashev, T.P., Smolensky, V.I., Surai, 
P.F., Griffin, D.K. & Romanov, M.N. 2021. Effects of essential oils-based 
supplement and Salmonella infection on gene expression, blood parameters, 
cecal microbiome, and egg production in laying hens. Animals, 11(2): 360. 
http://doi.org/10.3390/ani11020360

Lee, S.I., Park, S.H, & Ricke, S.C. 2016. Assessment of cecal microbiota, integron 
occurrence, fermentation responses, and Salmonella frequency in conventionally 
raised broilers fed a commercial yeast-based prebiotic compound. Poultry 
Science, 95(1): 144–153. http://doi.org/10.3382/ps/pev322

Leyva-Diaz, A.A., Hernandez-Patlan, D., Solis-Cruz, B., Adhikari, B., Kwon, 
Y.M., Latorre, J.D., Hernandez-Velasco, X., Fuente-Martinez, B., Hargis, 
B.M., Lopez-Arellano R. & Tellez-Isaias G. 2021. Evaluation of curcumin 
and copper acetate against Salmonella Typhimurium infection, intestinal 
permeability, and cecal microbiota composition in broiler chickens. Journal 
of Animal Science and Biotechnology, 12(1). http://doi.org/10.1186/s40104-
021-00545-7

Liu, J.D., Bayir, H.O., Cosby, D.E., Cox, N.A., Williams, S.M. & Fowler, J. 2017. 
Evaluation of encapsulated sodium butyrate on growth performance, energy 
digestibility, gut development, and Salmonella colonization in broilers. 
Poultry Science, 96(10): 3638–3644. http://doi.org/10.3382/ps/pex174

Liu, N., Lin, L., Wang, J.Q., Zhang, F.K. & Wang, J.P. 2019. Tetramethylpyrazine 
supplementation reduced Salmonella Typhimurium load and inflammatory 
response in broilers. Poultry Science, 98(8): 3158–3164. http://doi.
org/10.3382/ps/pez128

Liu, X., Byrd, J.A., Farnell, M. & Ruiz-Feria, C.A. 2014. Arginine and vitamin E 
improve the immune response after a Salmonella challenge in broiler chicks. 
Poultry Science, 93(4): 882–890. http://doi.org/10.3382/ps.2013-03723

MacKinnon, K.M., He, H., Swaggerty, C.L. McReynolds, J.L., Genovese, K.J., 
Duke, S.E., Nerren, J.R. & Kogut, M.H.,2009. In ovo treatment with CpG 
oligodeoxynucleotides decreases colonization of Salmonella enteriditis in 
broiler chickens. Veterinary Immunology and Immunopathology, 127(3-4): 
371–375. http://doi.org/10.1016/j.vetimm.2008.10.001

http://doi.org/10.3390/ani11020360
http://doi.org/10.3382/ps/pev322
http://doi.org/10.1186/s40104-021-00545-7
http://doi.org/10.1186/s40104-021-00545-7
http://doi.org/10.3382/ps/pex174
http://doi.org/10.3382/ps/pez128
http://doi.org/10.3382/ps/pez128
http://doi.org/10.3382/ps.2013-03723
http://doi.org/10.1016/j.vetimm.2008.10.001


106 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

Mainali, C., Gensler, G., Mcfall, M., King, R. Irwin, R. & Senthilselvan, 
A. 2009. Evaluation of associations between feed withdrawal and other 
management factors with Salmonella contamination of broiler chickens at 
slaughter in alberta. Journal of Food Protection, 72(10): 2202–2207. http://
doi.org/10.4315/0362-028x-72.10.2202

Milad, M., Mahdi, H., Nasrollah, P. & Akwu, O.A. 2019. Comparison of 
performance and feed digestibility of the non-antibiotic feed supplement 
(Novacid) and an antibiotic growth promoter in broiler chickens. Poultry 
Science, 98(2): 904–911. http://doi.org/10.3382/ps/pey437

Muniyappan, M., Jeon, S.Y., Choi, M.K. & Kim, I.H. 2022. Dietary inclusion of 
Achyranthes japonica extract to corn-soybean meal-wheat-based diet on the 
growth performance, nutrient digestibility, cecal microflora, excreta noxious 
gas emission, and meat quality of broiler chickens. Poultry Science, 101(6). 
http://doi.org/10.1016/j.psj.2022.101852

Nopparatmaitree, M., Nava, M., Chumsangchotisakun, V., Saenphoom, P., 
Chotnipat, S. & Kitpipit, W. 2022. Effect of trimmed asparagus by-products 
supplementation in broiler diets on performance, nutrients digestibility, gut 
ecology, and functional meat production. Veterinary World, 15(1): 147–161. 
http://doi.org/10.14202/vetworld.2022.147-161

Nuengjamnong, C. & Luangtongkum, T. 2014. Effects of effective microorganisms 
on growth performances, ammonia reduction, hematological changes and 
shedding of Salmonella enterica and Campylobacter spp. in broilers. Thai 
Journal of Veterinary Medicine, 44(1). https://he01.tci-thaijo.org/index.php/
tjvm/article/view/17310

Nuengjamnong, C. & Angkanaporn, K. 2017. Efficacy of dietary chitosan 
on growth performance, haematological parameters and gut function in 
broilers. Italian Journal of Animal Science, 17(2): 428–435. http://doi.org/10.
1080/1828051X.2017.1373609

Pan, S., Zhang, K., Ding, X., Wang, J., Peng, H., Zeng, Q., Xuan, Y., Su, Z., 
Wu, B. & Bai, S. 2017. Effect of high dietary manganese on the immune 
responses of broilers following oral Salmonella typhimurium inoculation. 
Biological Trace Element Research, 181(2): 347–360. http://doi.org/10.1007/
s12011-017-1060-9

Pandi, J., Glatz, P., Forder, R. & Chousalkar, K. 2019. Effects of different Papua 
New Guinea sweetpotato varieties on performance and level of enteric 
pathogens in chickens. Animals, 9(4). http://doi.org/10.3390/ani9040188

http://doi.org/10.4315/0362-028x-72.10.2202
http://doi.org/10.4315/0362-028x-72.10.2202
http://doi.org/10.3382/ps/pey437
http://doi.org/10.1016/j.psj.2022.101852
http://doi.org/10.14202/vetworld.2022.147-161
https://he01.tci-thaijo.org/index.php/tjvm/article/view/17310
https://he01.tci-thaijo.org/index.php/tjvm/article/view/17310
http://doi.org/10.1080/1828051X.2017.1373609
http://doi.org/10.1080/1828051X.2017.1373609
http://doi.org/10.1007/s12011-017-1060-9
http://doi.org/10.1007/s12011-017-1060-9
http://doi.org/10.3390/ani9040188


CHAPTER 6 – ANNEXES 107

Park, C.J. & Sun, S.S. 2022. Effect of dietary metallo-protease and Bacillus 
velezensis CE 100 supplementations on growth performance, footpad 
dermatitis and manure odor in broiler chickens. Animal Bioscience, 35(10): 
1628–1634. http://doi.org/10.5713/ab.22.0033

Park, S.H., Roto, S., Pavlidis, H., McIntyre, D., Striplin, K., Brammer, L. & Ricke, 
S.C. 2017. Effects of feeding Original XPC™ to broilers with a live coccidiosis 
vaccine under industrial conditions: Part 2. Cecal microbiota analysis. Poultry 
Science, 96(7): 2400–2411. http://doi.org/10.3382/ps/pex014

Parsons, B.N., Campbell, B.J. & Wigley, P. 2015. Soluble plantain nonstarch 
polysaccharides, although increasing caecal load, reduce systemic invasion 
of Salmonella Gallinarum in the chicken. Letters in Applied Microbiology, 
60(4): 347–351. http://doi.org/10.1111/lam.12377

Pickler, L., Beirão, B.C.B., Hayashi, R.M., Durau, J.F., Lourenço, M.C., Caron, L.F. 
& Santin, E. 2013. Effect of sanguinarine in drinking water on Salmonella 
control and the expression of immune cells in peripheral blood and intestinal 
mucosa of broilers. Journal of Applied Poultry Research, 22(3): 430–438 http: 
//doi.org/10.3382/japr.2012-00649

Piesova, E., Makova, Z., Levkut, M., Faixova, Z., Pistl, J., Marcin, A. & Levkut, 
M. 2012. The effects of sage extract feed supplementation on biochemical 
parameters, weight of internal organs and Salmonella counts in chickens. 
Research in Veterinary Science, 93(3): 1307–1308. http://doi.org/10.1016/j.rv 
sc.2012.04.011

Pourabedin, M., Chen, Q., Yang, M. & Zhao, X. 2017. Mannan- and xylooligosaccharides 
modulate caecal microbiota and expression of inflammatory-related cytokines 
and reduce caecal Salmonella Enteritidis colonisation in young chickens. 
FEMS Microbiology Ecology, 93(1). http://doi.org/10.1093/femsec/fiw226

Rajani, J., Dastar, B., Samadi, F., Karimi Torshizi, M.A., Abdulkhani, A. 
& Esfandyarpour, S. 2016. Effect of extracted galactoglucomannan 
oligosaccharides from pine wood (Pinus brutia) on Salmonella Typhimurium 
colonisation, growth performance and intestinal morphology in broiler 
chicks. British Poultry Science, 57(5): 682–692. https://doi.org/10.1080/0007
1668.2016.1200013

Ratert, C., Sander, S. J., Verspohl, J. Beyerbach, M. & Kamphues, J. 2014. Effects of 
the physical form of diet on the outcome of an artificial Salmonella infection 
in broilers. Avian Diseases, 59(1): 74–78. http://doi.org/10.1637/10890-0624 
14-reg

http://doi.org/10.5713/ab.22.0033
http://doi.org/10.3382/ps/pex014
http://doi.org/10.1111/lam.12377
http://doi.org/10.3382/japr.2012-00649
http://doi.org/10.3382/japr.2012-00649
http://doi.org/10.1016/j.rvsc.2012.04.011
http://doi.org/10.1016/j.rvsc.2012.04.011
http://doi.org/10.1093/femsec/fiw226
https://doi.org/10.1080/00071668.2016.1200013
https://doi.org/10.1080/00071668.2016.1200013
http://doi.org/10.1637/10890-062414-reg
http://doi.org/10.1637/10890-062414-reg


108 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

Rebollada-Merino, A., Ugarte-Ruiz, M., Hernández, M., Miguela-Villoldo, 
P., Abad, D., Rodríguez-Lázaro, D., de Juan, L., Domínguez, L. & 
Rodríguez-Bertos, A. 2020. Reduction of Salmonella Typhimurium cecal 
colonisation and improvement of intestinal health in broilers supplemented 
with fermented defatted ‘Alperujo’, an olive oil by-product. Animals, 10(10): 
1931. http://doi.org/10.3390/ani10101931

Revolledo, L., Ferreira, C.S.A. & Ferreira, A.J.P. 2009. Prevention of Salmonella 
Typhimurium colonization and organ invasion by combination treatment 
in broiler chicks. Poultry Science, 88(4): 734–743. http://doi.org/10.3382/
ps.2008-00410

Roto, S.M., Park, S.H., Lee, S.I., Kaldhone, P., Pavlidis, H.O., Frankenbach, 
S.B., McIntyre, D.R., Striplin, K., Brammer, L. & Ricke, S.C. 2017. Effects 
of feeding original XPC™ to broilers with a live coccidiosis-vaccine under 
industry conditions: Part 1. Growth performance and Salmonella inhibition. 
Poultry Science, 96(6): 1831–1837. http://doi.org/10.3382/ps/pew445

Rubinelli, P., Roto, S. Kim, S.A., Park, S.H., Pavlidis, H.O., McIntyre, D. & 
Ricke, S.C. 2016. Reduction of Salmonella Typhimurium by fermentation 
metabolites of diamond V original XPC in an in vitro anaerobic mixed 
chicken cecal culture. Frontiers in Veterinary Science, 3(19). http://doi.
org/10.3389/fvets.2016.00083

Santana, E.S., Andrade, M.A., Rocha, T.M., Stringhini, J.H., Café, M.B., de Sá 
Jayme, V., de Souza Barnabé, A.C. & de Alcântara, J.B. 2012. Performance 
of broilers experimentally inoculated with Salmonella Typhimurium and 
fed diets with addition of lactulosis. Revista Brasileira de Zootecnia, 41(8). 
http://doi.org/10.1590/S1516-35982012000800012

Santos, F.B.O., Sheldon, B.W., Santos Jr., A.A. & Ferket, P.R. 2008. Influence of 
housing system, grain type, and particle size on Salmonella colonization and 
shedding of broilers fed triticale or corn-soybean meal diets. Poultry Science, 
87(3): 405–420. http://doi.org/10.3382/ps.2006-00417

Shanmugasundaram, R., Mortada, M., Cosby, D. E., Singh, M., Applegate, T. 
J., Syed, B., Pender, C. M., Curry, S., Murugesan, G. R. & Selvaraj, R. K. 
2019. Synbiotic supplementation to decrease Salmonella colonization in the 
intestine and carcass contamination in broiler birds. Plos One, 14(10). http://
doi.org/10.1371/journal.pone.0223577

Shao, Y., Lei, Z., Yuan, J., Yang, Y., Guo, Y. & Zhang, B. 2014. Effect of zinc on 
growth performance, gut morphometry, and cecal microbial community in 
broilers challenged with Salmonella enterica serovar typhimurium, Journal 
of Microbiology, 52(12): 1002–11. http://doi.org/10.1007/s12275-014-4347-y

http://doi.org/10.3390/ani10101931
http://doi.org/10.3382/ps.2008-00410
http://doi.org/10.3382/ps.2008-00410
http://doi.org/10.3382/ps/pew445
http://doi.org/10.3389/fvets.2016.00083
http://doi.org/10.3389/fvets.2016.00083
http://doi.org/10.1590/S1516-35982012000800012
http://doi.org/10.3382/ps.2006-00417
http://doi.org/10.1371/journal.pone.0223577
http://doi.org/10.1371/journal.pone.0223577
http://doi.org/10.1007/s12275-014-4347-y


CHAPTER 6 – ANNEXES 109

Shao, Y., Wang, Z., Tian, X., Guo, Y & Zhang, H. 2016. Yeast β-d-glucans 
induced antimicrobial peptide expressions against Salmonella infection in 
broiler chickens. International Journal of Biological Macromolecules, 85(4): 
573–584. http://doi.org/10.1016/j.ijbiomac.2016.01.031

Soleimani, A.F., Zulkifli, I., Hair-Bejo, M., Omar, A.R. & Raha, A.R. 2012. 
The role of heat shock protein 70 in resistance to Salmonella Enteritidis in 
broiler chickens subjected to neonatal feed restriction and thermal stress. 
Poultry Science, 91(2): 340–345. http://doi.org/10.3382/ps.2011-01703

Teirlynck, E., Haesebrouck, F., Pasmans, F., Dewulf, J., Ducatelle, R. & Van 
Immerseel, F. 2009. The cereal type in feed influences Salmonella Enteritidis 
colonization in broilers. Poultry Science, 88(10): 2108–2112. http://doi.
org/10.3382/ps.2009-00236

Totton, S.C., Farrar, A.M., Wilkins, W., Bucher, O., Waddell, L.A., Wilhelm, 
B.J., McEwen, S.A. & Rajić, A. 2012. The effectiveness of selected feed and 
water additives for reducing Salmonella spp. of public health importance in 
broiler chickens: A systematic review, meta-analysis, and meta-regression 
approach. Preventive Veterinary Medicine, 106(3-4): 197–213. http://doi.
org/10.1016/j.prevetmed.2012.07.007

Varmuzova, K., Matulova, M.E., Gerzova, L., Cejkova, D., Gardan-Salmon, 
D., Panhéleux, M., Robert, F., Sisak, F., Havlickova, H. & Rychlik, I. 
2015. Curcuma and Scutellaria plant extracts protect chickens against 
inflammation and Salmonella Enteritidis infection. Poultry Science, 94(9): 
2049–2058. http://doi.org/10.3382/ps/pev190

Villagrán-de la Mora, Z., Nuño, K., Vázquez-Paulino, O., Avalos, H., Castro-
Rosas, J., Gómez-Aldapa, C., Angulo, C., Ascencio, F. & Villarruel-
López, A. 2019. Effect of a synbiotic mix on intestinal structural changes, 
and Salmonella Typhimurium and Clostridium Perfringens colonization in 
broiler chickens. Animals, 9(10): 777. http://doi.org/10.3390/ani9100777

Walker, G.K., Jalukar, S. & Brake, J. 2017. Effect of refined functional 
carbohydrates from enzymatically hydrolyzed yeast on the presence of 
Salmonella spp. in the ceca of broiler breeder females. Poultry Science, 96(8): 
2684–2690. http://doi.org/10.3382/ps/pex054

Walker, G.K., Jalukar, S. & Brake, J. 2018. The effect of refined functional carbohydrates 
from enzymatically hydrolyzed yeast on the transmission of environmental 
Salmonella Senftenberg among broilers and proliferation in broiler housing. 
Poultry Science, 97(4): 1412–1419. http://doi.org/10.3382/ps/pex430

http://doi.org/10.1016/j.ijbiomac.2016.01.031
http://doi.org/10.3382/ps.2011-01703
http://doi.org/10.3382/ps.2009-00236
http://doi.org/10.3382/ps.2009-00236
http://doi.org/10.1016/j.prevetmed.2012.07.007
http://doi.org/10.1016/j.prevetmed.2012.07.007
http://doi.org/10.3382/ps/pev190
http://doi.org/10.3390/ani9100777
http://doi.org/10.3382/ps/pex054
http://doi.org/10.3382/ps/pex430


110 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

Wati, T., Ghosh, T.K., Syed, B. & Haldar, S. 2015. Comparative efficacy of a 
phytogenic feed additive and an antibiotic growth promoter on production 
performance, caecal microbial population and humoral immune response 
of broiler chickens inoculated with enteric pathogens. Animal Nutrition, 
1(3): 213–219. http://doi.org/10.1016/j.aninu.2015.08.003

Wilson, K.M., Bourassa, D.V., Davis, A.J., Freeman, M.E. & Buhr, R.J. 2016. 
The addition of charcoals to broiler diets did not alter the recovery of 
Salmonella Typhimurium during grow-out. Poultry Science, 95(3): 694–704. 
http://doi.org/10.3382/ps/pev371

Wilson, K.M., Bourassa, D.V., McLendon, B.L., Wilson, J.L. & Buhr, R.J. 2018. 
Impact of skip-a-day and every-day feeding programs for broiler breeder 
pullets on the recovery of Salmonella and Campylobacter following challenge, 
Poultry Science, 97(8): 2775–2784. http://doi.org/10.3382/ps/pey150

Zając, M., Kiczorowska, B., Samolińska, W., Kowalczyk-Pecka, D., Andrejko, 
D. & Kiczorowski, P. 2021. Effect of inclusion of micronized camelina, 
sunflower, and flax seeds in the broiler chicken diet on performance 
productivity, nutrient utilization, and intestinal microbial populations. 
Poultry Science, 100(7): 101–118. http://doi.org/10.1016/j.psj.2021.101118

Zhang, B., Shao, Y., Liu, D., Yin, P., Guo, Y. & Yuan, J. 2012. Zinc prevents 
Salmonella enterica serovar Typhimurium-induced loss of intestinal mucosal 
barrier function in broiler chickens. Avian Pathology, 41(4). http://doi.org/1
0.1080/03079457.2012.692155

Zhang, S., Shen, Y.R., Wu, S., Xiao, Y.Q., He, Q. & Shi, S.R. 2019. The dietary 
combination of essential oils and organic acids reduces Salmonella 
Enteritidis in challenged chicks. Poultry Science, 98(12): 6349–6355. http://
doi.org/10.3382/ps/pez457

2.1.8    Poultry transportation to slaughter

Arikan, M.S., Akin, A.C., Akcay, A., Aral, Y., Sariozkan, S., Cevrimli, M.B. 
& Polat, M. 2017. Effects of transportation distance, slaughter age, and 
seasonal factors on total losses in broiler chickens. Brazilian Journal of Poultry 
Science, 19: 421–428.

Dos Santos, V.M., Dallago, B.S., Racanicci, A.M., Santana, Â.P., Cue, R.I. & Bernal, 
F.E. 2020. Effect of transportation distances, seasons and crate microclimate 
on broiler chicken production losses. PLoS One, 15(4): e0232004. 

http://doi.org/10.1016/j.aninu.2015.08.003
http://doi.org/10.3382/ps/pev371
http://doi.org/10.3382/ps/pey150
http://doi.org/10.1016/j.psj.2021.101118
http://doi.org/10.1080/03079457.2012.692155
http://doi.org/10.1080/03079457.2012.692155
http://doi.org/10.3382/ps/pez457
http://doi.org/10.3382/ps/pez457


CHAPTER 6 – ANNEXES 111

EFSA Panel on Animal Health and Welfare (AHAW), Nielsen, S.S., Alvarez, 
J., Bicout, D.J., Calistri, P., Depner, K., Drewe, J.A., Garin‐Bastuji, B., 
Gonzales Rojas, J.L., Gortázar Schmidt, C. & Miranda Chueca, M.Á. 
2019. Slaughter of animals: poultry. EFSA Journal, 17(11): e05849.

Miranda-De La Lama, G.C., Villarroel, M. & María, G.A. 2014. Livestock 
transport from the perspective of the pre-slaughter logistic chain: a review. 
Meat Science, 98(1): 9–20.

Slader, J., Domingue, G., Jørgensen, F., McAlpine, K., Owen, R.J., Bolton, F.J. 
& Humphrey, T.J. 2002. Impact of transport crate reuse and of catching 
and processing on Campylobacter and Salmonella contamination of broiler 
chickens. Applied and Environmental Microbiology, 68(2): 713–719.

Ulupi, N., Aryani, S.S., Evni, F.T. & Nugraha, R. 2018. Effects of transportation 
duration on broiler chicken physiology and performance factors. 
International Journal of Poultry Science, 17: 197–04.

2.2.1 Chlorine and acid warer, 2.2.2 Other water additives, 2.2.3 
High hydrostatic pressure processing, 2.2.4 Irradiation, 2.2.5 
Other interventions during processing 

Alonso-Hernando, A., Guevara-Franco, J.A., Alonso-Calleja, C. & Capita, R. 
2013. Effect of the temperature of the dipping solution on the antimicrobial 
effectiveness of various chemical decontaminants against pathogenic and 
spoilage bacteria on poultry. Journal of Food Protection, 76(5): 833–842.

Bai, Y., Ding, X., Zhao, Q., Sun, H., Li, T., Li, Z., Wang, H., Zhang, L., Zhang, C. & 
Xu, S. 2022. Development of an organic acid compound disinfectant to control 
food-borne pathogens and its application in chicken slaughterhouses. Poultry 
Science, 101(6): 101842.

Bauermeister, L.J., Bowers, J.W.J., Townsend, J.C. & McKee, S.R. 2008. The 
microbial and quality properties of poultry carcasses treated with peracetic 
acid as an antimicrobial treatment. Poultry Science, 87(11): 2390–2398.

Berrang, M.E., Bailey, J.S., Altekruse, S.F. & Shaw Jr, W.K. 2008. Presence and 
numbers of Campylobacter, Escherichia coli, and Salmonella determined in 
broiler carcass rinses from United States processing plants in the hazard 
analysis and critical control point-based inspection models project. Journal 
of Applied Poultry Research, 17(3): 354–360.

Berrang, M.E., Meinersmann, R.J., Cox, N.A. & Fedorka-Cray, P.J. 2011. 
Application of chlorine dioxide to lessen bacterial contamination during 
broiler defeathering. Journal of Applied Poultry Research, 20(1): 33–39.



112 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

Blevins, R.E., Feye, K.M., Dittoe, D.K., Bench, L., Bench, B.J. & Ricke, S.C. 2020. 
Aerobic plate count, Salmonella and Campylobacter loads of whole bird 
carcass rinses from pre-chillers with different water management strategies 
in a commercial poultry processing plant. Journal of Environmental Science 
and Health, Part B, 55(2): 155–165.

Bucher, O., Farrar, A.M., Totton, S.C., Wilkins, W., Waddell, L.A., Wilhelm, 
B.J., McEwen, S.A., Fazil, A. & Rajić, A. 2012. A systematic review-meta-
analysis of chilling interventions and a meta-regression of various processing 
interventions for Salmonella contamination of chicken. Preventive Veterinary 
Medicine, 103(1): 1–15.

Carpenter, C.E., Smith, J.V. & Broadbent, J.R. 2011. Efficacy of washing meat surfaces 
with 2% levulinic, acetic, or lactic acid for pathogen decontamination and 
residual growth inhibition. Meat Science, 88(2): 256–260.

Gao, J. & Matthews, K.R. 2020. Effects of the photosensitizer curcumin in inactivating 
foodborne pathogens on chicken skin. Food Control, 109:10695 9.

Giombelli, A. & Gloria, M.B.A. 2014. Prevalence of Salmonella and Campylobacter 
on broiler chickens from farm to slaughter and efficiency of methods to 
remove visible fecal contamination. Journal of Food Protection, 77(11): 1851 
–1859.

Henley, S.C., Launchi, N. & Quinlan, J.J. 2018. Survival of Salmonella on raw 
poultry exposed to 10% lemon juice and vinegar washes. Food Control, 94: 
229–232.

Hong, Y.H., Ku, K.J., Kim, M.K., Won, M.S., Chung, K.S. & Song, K.B., 
2008. Survival of Escherichia coli O157: H7 and Salmonella typhimurium 
inoculated on chicken by aqueous chlorine dioxide treatment. Journal of 
Microbiology and Biotechnology, 18(4): 742–745.

İlhak, O.İ., İncili, G.K. & Durmuşoğlu, H. 2018. Effect of some chemical 
decontaminants on the survival of Listeria monocytogenes and Salmonella 
Typhimurium with different attachment times on chicken drumstick and 
breast meat. Journal of Food Science and Technology, 55(8): 3093–3097.

Isolan, L.W., Perdoncini, G., Todeschini, B., Santos, L.R., Guahyba, A.S., 
Depner, R. & Nascimento, V.P. 2019. Carcass washing system and 
Salmonella spp. control in poultry slaughterhouses. Arquivo Brasileiro de 
Medicina Veterinária e Zootecnia, 71: 252–258.



CHAPTER 6 – ANNEXES 113

Kataria, J., Vaddu, S., Rama, E.N., Sidhu, G., Thippareddi, H. & Singh, 
M. 2020. Evaluating the efficacy of peracetic acid on Salmonella and 
Campylobacter on chicken wings at various pH levels. Poultry Science, 
99(10): 5137–5142.

Manjankattil, S., Nair, D.V., Peichel, C., Noll, S., Johnson, T.J., Cox, R.B., 
Donoghue, A.M. & Johny, A.K. 2021. Effect of caprylic acid alone or in 
combination with peracetic acid against multidrug-resistant Salmonella 
Heidelberg on chicken drumsticks in a soft scalding temperature-time 
setup. Poultry Science, 100(11): 101421.

Megahed, A., Aldridge, B. & Lowe, J. 2020. Antimicrobial efficacy of aqueous 
ozone and ozone–lactic acid blend on Salmonella-Contaminated chicken 
drumsticks using multiple sequential soaking and spraying approaches. 
Frontiers in Microbiology, 11: 593911.

Olaimat, A.N., Al‐Holy, M.A., Abu Ghoush, M.H., Al‐Nabulsi, A.A., 
Qatatsheh, A.A., Shahbaz, H.M., Osaili, T.M. & Holley, R.A. 2018. The 
use of malic and acetic acids in washing solution to control Salmonella spp. 
on chicken breast. Journal of Food Science, 83(8): 2197–2203.

Over, K.F., Hettiarachchy, N., Johnson, M.G. & Davis, B. 2009. Effect of organic acids 
and plant extracts on Escherichia coli O157: H7, Listeria monocytogenes, 
and Salmonella Typhimurium in broth culture model and chicken meat 
systems. Journal of Food Science, 74(9): M515-M521.

Punchihewage-Don, A.J., Parveen, S., Schwarz, J., Hamill, L., Nindo, C., Hall, 
P. & Vimini, B. 2021. Efficacy and quality attributes of antimicrobial agent 
application via a commercial electrostatic spray cabinet to inactivate Salmonella 
on chicken thigh meat. Journal of Food Protection, 84(12): 2221–2228.

Ramirez-Hernandez, A., Brashears, M.M. & Sanchez-Plata, M.X. 2018. Efficacy 
of lactic acid, lactic acid–acetic acid blends, and peracetic acid to reduce 
Salmonella on chicken parts under simulated commercial processing 
conditions. Journal of Food Protection, 81(1): 17–24.

Ritter, A., Buhr, R., Richardson, L., Cox, N., Bright, W. & Wilson, J. 2008. 
Efficacy of polymers in combination with biocides as sanitizer of salmonella 
inoculated broiler hatching eggs. Poultry International, 87(S1): 151.

Singh, P., Lee, H.C., Silva, M.F., Chin, K.B. & Kang, I. 2017. Trisodium 
phosphate dip, hot water dip, and combination dip with/without brushing 
on broiler carcass decontamination. Food Control, 77: 199–209.



114 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

Skřivanová, E., Hovorková, P., Čermák, L. & Marounek, M. 2015. Potential 
use of caprylic acid in broiler chickens: effect on Salmonella Enteritidis. 
Foodborne Pathogens and Disease, 12(1): 62-67.

Vaddu, S., Kataria, J., Belem, T.S., Sidhu, G., Moller, A.E., Leone, C., Singh, 
M. & Thippareddi, H. 2021. On-site generated peroxy acetic acid (PAA) 
technology reduces Salmonella and Campylobacter on chicken wings. Poultry 
Science, 100(7): 101206.

Wang, H., Ye, K., Xu, X. & Zhou, G. 2014. Optimization of an acidified sodium 
chlorite solution for reducing pathogenic bacteria and maintaining sensory 
characteristics of poultry meat in simulation slaughter process. Journal of 
Food Processing and Preservation, 38(1): 397–405.

Wideman, N., Bailey, M., Bilgili, S.F., Thippareddi, H., Wang, L., Bratcher, 
C., Sanchez-Plata, M. & Singh, M. 2016. Evaluating best practices for 
Campylobacter and Salmonella reduction in poultry processing plants. 
Poultry Science, 95(2): 306–315.

Williams, M.S., Ebel, E.D., Hretz, S.A. & Golden, N.J., 2018. Adoption of 
neutralizing buffered peptone water coincides with changes in apparent 
prevalence of Salmonella and Campylobacter of broiler rinse samples. 
Journal of Food Protection, 81(11): 1851–1863.

Yadav, B. & Roopesh, M.S. 2022. Synergistically enhanced Salmonella Typhimurium 
reduction by sequential treatment of organic acids and atmospheric cold plasma 
and the mechanism study. Food Microbiology, 104: 103976.

Zhang, L., Morey, A., Bilgili, S.F., McKee, S.R. & Garner, L.J. 2019. Effectiveness 
of several antimicrobials and the effect of contact time in reducing Salmonella 
and Campylobacter on poultry drumsticks. Journal of Applied Poultry Research, 
28(4): 1143–1149.

Zhao, T., Zhao, P., Cannon, J.L. & Doyle, M.P., 2011. Inactivation of Salmonella 
in biofilms and on chicken cages and preharvest poultry by levulinic acid 
and sodium dodecyl sulfate. Journal of Food Protection, 74(12): 2024–2030.

2.2.6   Good hygiene practices

Althaus, D., Zweifel, C. & Stephan, R. 2017. Analysis of a poultry slaughter 
process: influence of process stages on the microbiological contamination 
of broiler carcasses. Italian Journal of Food Safety, 6(4): 7097. doi: 10.4081/
ijfs.2017.7097



CHAPTER 6 – ANNEXES 115

Cox, N.A., Richardson, L.J., Cason, J.A., Buhr, R.J., Vizzier-Thaxton, Y., Smith, 
D.P., Fedorka-Cray, P.J., Romanenghi, C.P., Pereira, L.V.B. & Doyle, M.P. 
2010. Comparison of neck skin excision and whole carcass rinse sampling 
methods for microbiological evaluation of broiler carcasses before and after 
immersion chilling. Journal of Food Protection, 73(5): 976–980.

Eng, S.-K., Pusparajah, P., Ab Mutalib, N.-S., Ser, H.-L., Chan, K.-G. & Lee, L.-
H., 2015. Salmonella: A review on pathogenesis, epidemiology and antibiotic 
resistance. Frontiers in Life Science, 8: 284–293. doi: 10.1080/21553769.2015. 
1051243 

FAO (Food and Agriculture Organisation of the United Nations). 2017. Food 
Handlers: Manual Instructor. [Cited 10 July 2023] http://www.fao.org/3/
i5896e/i5896e.pdf 

Lu. Y. & Wu, C. 2012. Reductions of Salmonella enterica on chicken breast by thymol, 
acetic acid, sodium dodecyl sulfate or hydrogen peroxide combinations as 
compared to chlorine wash. International Journal of Food Microbiology, 152 
(1-2): 31–4. doi: 10.1016/j.ijfoodmicro.2011.09.015 

Mama, M. & Alemu, G. 2016. Prevalence, antimicrobial susceptibility patterns 
and associated risk factors of Shigella and Salmonella among food handlers 
in Arba Minch University, South Ethiopia. BMC Infectious Diseases, 16: 1–7. 
doi: 10.1186/s12879-016-2035-8

Munck, N., Smith, J., Bates, J., Glass, K., Hald, T. & Kirk, M.D. 2020. Source 
attribution of Salmonella in Macadamia nuts to animal and environmental 
reservoirs in Queensland, Australia. Foodborne Pathogens and Disease, 17: 
357–364. doi: 10.1089/fpd.2019.2706

Solomon, F.B. Wada, F.W., Anjulo, A.A., Koyra, H.C. & Tufa, E.G. 2018. 
Burden of intestinal pathogens and associated factors among asymptomatic 
food handlers in South Ethiopia: Emphasis on salmonellosis. BMC Research 
Notes, 11: 1–6. doi: 10.1186/s13104-018-3610-4

2.3    Post-processing control of Salmonella on poultry meat 

Ahmed, J., Hiremath, N. & Jacob, H. 2016. Efficacy of antimicrobial properties 
of polylactide/cinnamon oil film with and without high-pressure treatment 
against Listeria monocytogenes and Salmonella typhimurium inoculated in 
chicken sample. Food Packaging and Shelf Life, 10(12): 72–78. http://doi.
org/10.1016/j.fpsl.2016.10.003 

http://www.fao.org/3/i5896e/i5896e.pdf
http://www.fao.org/3/i5896e/i5896e.pdf
http://doi.org/10.1016/j.fpsl.2016.10.003
http://doi.org/10.1016/j.fpsl.2016.10.003


116 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

Akbar, A. & Anal, A.K. 2014. Zinc oxide nanoparticles loaded active packaging, a 
challenge study against Salmonella typhimurium and Staphylococcus aureus 
in ready-to-eat poultry. Food Control, 38(4): 88–95 meat. http://doi.org/10.1 
016/j.foodcont.2013.09.065 

Ala, M.A.N. & Shahbazi, Y. 2019. The effects of novel bioactive carboxymethyl 
cellulose coatings on food-borne pathogenic bacteria and shelf life extension 
of fresh and sauced chicken breast fillets. LWT – Food Science and Technology, 
111(8): 602–611. http://doi.org/10.1016/j.lwt.2019.05.092 

Baltic, T., Baltic, Z.M., Misic, D., Ćirić, J., Janjić, J.M., Cabrol, M.B. & Dokmanović, 
M. 2015. Influence of marination on Salmonella spp. growth in broiler breast 
fillets. Acta Veterinaria, 65(3): 417–428. http://doi.org/10.1515/acve-2015-
0034 

Cap, M., Paredes, P.F., Fernández, D.A., Mozgovoj, M., Vaudagna, S.R. & 
Rodriguez, A. 2020. Effect of high hydrostatic pressure on Salmonella spp. 
inactivation and meat-quality of frozen chicken breast. LWT – Food Science 
and Technology, 118(1): 108873. http://doi.org/10.1016/j.lwt.2019.108873

Da Costa, W.K.A., de Souza, G.T., Brandão, L.R., de Lima, R.C., Garcia, E.F., dos 
Santos Lima, M., de Souza, E.L., Saarela, M. & Magnani, M. 2018. Exploiting 
antagonistic activity of fruit-derived Lactobacillus to control pathogenic bacteria 
in fresh cheese and chicken meat. Food Research International, 108(6): 172–182. 
http://doi.org/10.1016/j.foodres.2018.03.045 

Dehkordi, M.K., Ghaffarnezhad, M., Mohammadi, F., Ghirati, M., Rezaeifar, 
M., Rajabi, N. & Alizadeh, O. 2021. Whey protein coating incorporated 
with essential oil, bioactive peptides and nanoparticle extends shelf-life of 
chicken breast slices. Journal of Food Measurement and Characterization, 15: 
5266–5276. http://doi.org/10.1007/s11694-021-01088-1 

Galarace, N., Escobar, B., Rojas, V., Navarro, C., Turra, G., Robeson, J. & Borie, 
C. 2016. Application of a virulent bacteriophage cocktail leads to reduction 
of Salmonella enterica serovar Enteritidis counts in processed meat products. 
Biocontrol Science and Technology, 26(4): 462–475. http://doi.org/10.1080/0
9583157.2015.1125447 

Hassan, A.H.A. & Cutter, C.N. 2020. Development and evaluation of pullulan-
based composite antimicrobial films (CAF) incorporated with nisin, thymol 
and lauric arginate to reduce foodborne pathogens associated with muscle 
foods. International Journal of Food Microbiology, 320(5): 108519. http://doi.
org/10.1016/j.ijfoodmicro.2020.108519 

http://doi.org/10.1016/j.foodcont.2013.09.065
http://doi.org/10.1016/j.foodcont.2013.09.065
http://doi.org/10.1016/j.lwt.2019.05.092
http://doi.org/10.1515/acve-2015-0034
http://doi.org/10.1515/acve-2015-0034
http://doi.org/10.1016/j.lwt.2019.108873
http://doi.org/10.1016/j.foodres.2018.03.045
http://doi.org/10.1007/s11694-021-01088-1
http://doi.org/10.1080/09583157.2015.1125447
http://doi.org/10.1080/09583157.2015.1125447
http://doi.org/10.1016/j.ijfoodmicro.2020.108519
http://doi.org/10.1016/j.ijfoodmicro.2020.108519


CHAPTER 6 – ANNEXES 117

Hematizad, I., Khanjari, A., Basti, A.A., Karabagias, I.K., Noori, N., Ghadami, 
F., Gholami, F. & Teimourifard, R. 2021. In vitro antibacterial activity 
of gelatin-nanochitosan films incorporated with Zataria multiflora Boiss 
essential oil and its influence on microbial, chemical, and sensorial properties 
of chicken breast meat during refrigerated storage. Food Packaging and Shelf 
Life, 30(12): 100751. http://doi.org/10.1016/j.fpsl.2021.100751 

Hosseinnezhad, N., Ahari, H & Akhondzadeh, A. 2018. Effect of four chicken 
carcass transportation methods at selected room temperatures on the bacterial 
load of Staphylococcus aureus, Salmonella species, and Escherichia coli. Archives 
of Razi Institute, 73(2): 95–106. http://doi.org/10.22092/ari.2018. 116617 

Hussein, K.N., Friedrich, L., Pinter, R., Németh, Cs., Kiskó, G. & Dalmadi, I. 
2019. Effect of linalool and piperine on chicken meat quality during refrigerated 
conditions. Acta Alimentaria, 48(4): 431–440. http://doi.org/10.1556/066. 
2019.48.4.4 

Hussein, K.N., Friedrich, L., Kiskó, G., Ayari, E., Németh, C. & Dalmadi, I. 2019. 
Use of allyl-isothiocyanate and carvacrol to preserve fresh chicken meat 
during chilling storage. Czech Journal of Food Sciences, 37(6): 417–424. http: 
//doi.org/10.17221/80/2019-CJFS 

Hussein, K.N., Csehi, B., József, S., Ferenc, H., Kiskó, G., Dalmadi, I. & Friedrich, 
L. 2021. Effect of α-Terpineol on Chicken Meat Quality during Refrigerated 
Conditions. Foods, 10(8): 1855. http://doi.org/10.3390/foods10081855 

Keklik, N.M., Demirici, A. & Puri, V.M. 2010. Decontamination of unpackaged 
and vacuum-packaged boneless chicken breast with pulsed ultraviolet light. 
Poultry Science, 89(3): 570–581. http://doi.org/10.3382/ps.2008-00476 

Khalid, T., Hdaifeh, A., Federighi, M., Cummins, E., Boué, G., Guillou, S. & 
Tesson, V. 2020. Review of quantitative microbial risk assessment in poultry 
meat: the central position of consumer behavior. Foods, 9(11): 1661. http://
doi.org/10.3390/foods9111661 

Kim, M.-J., Ng, B.X.A., Zwe, Y.H. & Yuk, H.G. 2017. Photodynamic inactivation 
of Salmonella enterica Enteritidis by 405 ± 5-nm light-emitting diode and 
its application to control salmonellosis on cooked chicken. Food Control, 
82(12): 305–315. http://doi.org/10.1016/j.foodcont.2017.06.040 

Kim, K.-K.., Eom, S.-J., Im, J.-H., Lee, K.-M., Yoo, S.-J., Kim, H.-U. & Kim, G.-
B. 2009. A study on the effects of probiotic yogurt on the microbial quality 
of fresh chicken meat during cold storage. Food Science of Animal Resources, 
29(2): 269–277. http://doi.org/10.5851/kosfa.2009.29.2.269 

http://doi.org/10.1016/j.fpsl.2021.100751
http://doi.org/10.22092/ari.2018.116617
http://doi.org/10.1556/066.2019.48.4.4
http://doi.org/10.1556/066.2019.48.4.4
http://doi.org/10.17221/80/2019-CJFS
http://doi.org/10.17221/80/2019-CJFS
http://doi.org/10.3390/foods10081855
http://doi.org/10.3382/ps.2008-00476
http://doi.org/10.3390/foods9111661
http://doi.org/10.3390/foods9111661
http://doi.org/10.1016/j.foodcont.2017.06.040
http://doi.org/10.5851/kosfa.2009.29.2.269


118 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

Lin, L., Liao, X., Surendhiran, D. & Cui, H. 2018. Preparation of ε-polylysine/
chitosan nanofibers for food packaging against Salmonella on chicken. 
Food Packaging and Shelf Life, 17(9): 134–141. http://doi.org/10.1016/j.fpsl. 
2018.06.013 

Lin, L., Liao, X. & Cui, H. 2019. Cold plasma treated thyme essential oil/silk 
fibroin nanofibers against Salmonella Typhimurium in poultry meat. Food 
Packaging and Shelf Life, 21(9): 100337 http://doi.org/10.1016/j.fpsl.2019. 
100337 

Luber, P. 2009. Cross-contamination versus undercooking of poultry meat or 
eggs - which risks need to be managed first? International Journal of Food 
Microbiology, 134(1-1): 21–28. http://doi.org/10.1016/j.ijfoodmicro.2009.02. 012 

Ma, M., Zhao, J., Yan, X., Zeng, Z., Wan, D., Yu, P., Xia, J., Zhang, G. & Gong, D. 
2022. Synergistic effects of monocaprin and carvacrol against Escherichia coli 
O157:H7 and Salmonella Typhimurium in chicken meat preservation. Food 
Control, 132(2): 108480. http://doi.org/10.1016/j.foodcont.2021.108480 

Morsy, M.K., Khalaf, H.H., Sharoba, A.M., El-Tanahi, H.H. & Cutter, C.N. 
2014. Incorporation of essential oils and nanoparticles in pullulan films to 
control foodborne epathogens on meat and poultry products. Journal of 
Food Science, 79(4): 675–684. http://doi.org/10.1111/1750-3841.12400 

Muhialdin, B.J., Kadum, H., Mohamed, S.F. & Hussin, A.S.M. 2020. 
Metabolomics profiling and antibacterial activity of fermented ginger paste 
extends the shelf life of chicken meat. LWT – Food Science and Technology, 
132(10): 109897 http://doi.org/10.1016/j.lwt.2020.109897 

Mulla, M., Ahmed, J., Al-Attar, H., Castro-Aguirre, E., Arfat, Y.A. & Auras, R. 
2017. Antimicrobial efficacy of clove essential oil infused into chemically 
modified LLDPE film for chicken meat packaging. Food Control, 73(B): 
663–671. http://doi.org/10.1016/j.foodcont.2016.09.018 

Nichols, M., Stevenson, L., Whitlock L., Pabilonia, K., Robyn, M., Basler, 
C., Gomez, T. & Behravesh, C.B. 2018. Preventing human Salmonella 
infections resulting from live poultry contact through interventions at retail 
stores. Journal of Agricultural Safety and Health, 24(3): 155–166. http://doi.
org/10.13031/jash.12756 

Osaili, T.M., Al-Nabulsi, A.A., Shaker, R.R., Olaimat, A.N., Jaradat, Z.W. & 
Holley, R.A. 2013. Thermal inactivation of Salmonella Typhimurium in 
chicken shawirma (gyro). International Journal of Food Microbiology, 166(1): 
15–20. http://doi.org/10.1016/j.ijfoodmicro.2013.06.009

http://doi.org/10.1016/j.fpsl.2018.06.013
http://doi.org/10.1016/j.fpsl.2018.06.013
http://doi.org/10.1016/j.fpsl.2019.100337
http://doi.org/10.1016/j.fpsl.2019.100337
http://doi.org/10.1016/j.ijfoodmicro.2009.02.012
http://doi.org/10.1016/j.foodcont.2021.108480
http://doi.org/10.1111/1750-3841.12400
http://doi.org/10.1016/j.lwt.2020.109897
http://doi.org/10.1016/j.foodcont.2016.09.018
http://doi.org/10.13031/jash.12756
http://doi.org/10.13031/jash.12756
http://doi.org/10.1016/j.ijfoodmicro.2013.06.009


CHAPTER 6 – ANNEXES 119

Pattanayaiying, R., H-Kittikun, A. & Cutter, C.N. 2015. Incorporation of nisin 
Z and lauric arginate into pullulan films to inhibit foodborne pathogens 
associated with fresh and ready-to-eat muscle foods. International Journal of 
Food Microbiology, 207(8): 77–82. http://doi.org/10.1016/j.ijfoodmicro.2015. 
04.045 

Porto-Fett, A.C.S., Shoyer, B.A., Shane, L.E., Osoria, M., Henry, E., Jung., Y. 
& Luchansky, J.B. 2019. Thermal inactivation of Salmonella in pâté made 
from chicken liver. Journal of Food Protection, 82(6): 980–987. http://doi.org 
/10.4315/0362-028X.JFP-18-423 

Possas, A., Posada-Izquierdo, G.D., Pérez-Rodríguez, F., Valero, A., García-
Gimeno, R.M. & Duarte M.C.T. 2017. Application of predictive models 
to assess the influence of thyme essential oil on Salmonella Enteritidis 
behaviour during shelf life of ready-to-eat turkey products. International 
Journal of Food Microbiology, 240(1): 40–46. http://doi.org/10.1016/j. 
ijfoodmicro.2016.08.003

Ravishankar, S., Zhu, L. & Jaroni, D. 2019. Assessing the cross contamination 
and transfer rates of Salmonella enterica from chicken to lettuce under 
different food-handling scenarios. Food Microbiology, 27(6): 791–794. http 
://doi.org/10.1016/j.fm.2010.04.011 

Roccato, A., Uyttendaele, M., Cibin, V., Barrucci, F., Cappa, V., Zavagnin, P., Longo, 
A. & Ricci, A. 2015. Survival of Salmonella Typhimurium in poultry -based 
meat preparations during grilling, frying and baking. Microbiology, 197: 1–8. 
http://doi.org/10.1016/j.ijfoodmicro.2014.12.007 

Sengun, I., Goztepe, E. & Ozturk, B. 2019. Efficiency of marination liquids prepared 
with koruk (Vitis vinifera L.) on safety and some quality attributes of poultry 
meat. LWT – Food Science and Technology, 113(10): 108317. http: //doi.org/ 
10.1016/j.lwt.2019.108317 

Shahrezaee, M., Soleimanian-Zad, S., Soltanizadeh, N. & Akbari-Alavijeh, S. 
2018. Use of Aloe vera gel powder to enhance the shelf life of chicken nugget 
during refrigeration storage. LWT – Food Science and Technology, 95(9): 
380–386. http://doi.org/10.1016/j.lwt.2018.04.066

Shin, J., Harte, B., Ryser, E. & Selke, S. 2010. Active packaging of fresh chicken 
breast, with allyl isothiocyanate (AITC) in combination with modified 
atmosphere packaging (MAP) to control the growth of pathogens. Journal of 
Food Science, 75(2): 65–71. http://doi.org/10.1111/j.1750-3841.2009.01465.x 

http://doi.org/10.1016/j.ijfoodmicro.2015.04.045
http://doi.org/10.1016/j.ijfoodmicro.2015.04.045
http://doi.org/10.4315/0362-028X.JFP-18-423
http://doi.org/10.4315/0362-028X.JFP-18-423
http://doi.org/10.1016/j.ijfoodmicro.2016.08.003
http://doi.org/10.1016/j.ijfoodmicro.2016.08.003
http://doi.org/10.1016/j.fm.2010.04.011
http://doi.org/10.1016/j.fm.2010.04.011
http://doi.org/10.1016/j.ijfoodmicro.2014.12.007
http://doi.org/10.1016/j.lwt.2019.108317
http://doi.org/10.1016/j.lwt.2019.108317
http://doi.org/10.1016/j.lwt.2018.04.066
http://doi.org/10.1111/j.1750-3841.2009.01465.x


120 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

Surendhiran, D., Cui, H. & Lin, L. 2019. Encapsulation of phlorotannin in 
alginate/PEO blended nanofibers to preserve chicken meat from Salmonella 
contaminations. Food Packaging and Shelf Life, 21(9): 100346. http://doi.org/ 
10.1016/j.fpsl.2019.100346 

Thung, T.Y., Premarathne, K., Chang, W.S., Loo, Y.Y., Chin, Y.Z., Kuan, C.H., 
Tan, C.W., Basri, D.F., Jasimah, C.W. & Radu, S. 2017. Use of a lytic 
bacteriophage to control Salmonella Enteritidis in retail food. LWT – Food Science 
and Technology, 78(5): 222–225. http://doi.org/10.1016/j.lwt.2016. 12.044

Vergara-Figueroa, J., Cerda-Leal, F., Alejandro-Martín, S. & Gacitúa, W. 2022. 
Evaluation of the PLA-nZH-Cu nanocomposite film on the micro-biological, 
organoleptic and physicochemical qualities of packed chicken meat, Foods, 
11(4): 546. http://doi.org/10.3390/foods11040546 

Wang, D., Liu, Y., Sun, J., Sun, Z., Liu, F., Du, L. & Wang, D. 2021. Fabrication 
and characterization of gelatin/zein nanofiber films loading perillaldehyde 
for the preservation of chilled chicken. Foods, 10(6): 1277. http://doi.org/10. 
3390/foods10061277 

Weber, M.J.D., Boyle, E.A.E., Getty, K.J.K., Harper, N.M., Weber, C.G. & 
Roenbaugh, T.L. 2011. Efficacy of home-style dehydrators for reducing 
Salmonella on whole-muscle chicken. Journal of Food Protection, 74(7): 1079 
–1082. http://doi.org/10.4315/0362-028X.JFP-11-037 

Xing, M., Yao, J., Guo, Y., Xin, R. Yu, Y., Shi, E., Hao, M., Fei, P., Kang, H. & and 
Chen, J. 2022. Antibacterial effect of chrysanthemum buds’ crude extract 
against Salmonella Typhimurium and potential application in cooked chicken. 
Foodborne Pathogens and Disease, 19(5): 297-303. http://doi.org/10.1089/fpd. 
2021.0104 

Zhuang, H., Rothrock Jr., M.J., Hiett, K.L., Lawrence, K.C., Gamble, G.R., 
Bowker, B.C. & Keener, K.M. 2019. In-package air cold plasma treatment 
of chicken breast meat: treatment time effect. Journal of Food Quality, 2019: 
e1837351. http://doi.org/10.1155/2019/1837351 

2.4   Other considerations for control

EC (European Commission). 2020. Control of Salmonella. [Cited 10 July 2023] 
https://ec.europa.eu/food/safety/biosafety/food_borne_diseases/Salmonella_ en

EFSA (European Food Safety Authority). 2021. Salmonella. [Cited 10 July 2023] 
https://www.efsa.europa.eu/en/topics/topic/Salmonella.

http://doi.org/10.1016/j.fpsl.2019.100346
http://doi.org/10.1016/j.fpsl.2019.100346
http://doi.org/10.1016/j.lwt.2016.12.044
http://doi.org/10.3390/foods11040546
http://doi.org/10.3390/foods10061277
http://doi.org/10.3390/foods10061277
http://doi.org/10.4315/0362-028X.JFP-11-037
http://doi.org/10.1089/fpd.2021.0104
http://doi.org/10.1089/fpd.2021.0104
http://doi.org/10.1155/2019/1837351
https://ec.europa.eu/food/safety/biosafety/food_borne_diseases/Salmonella_en
https://www.efsa.europa.eu/en/topics/topic/Salmonella


CHAPTER 6 – ANNEXES 121

Ehuwa, O., Jaiswal, A.K. & Jaiswal, S. 2021. Salmonella, food safety and food 
handling practices. Foods, 10: 907. https://doi.org/10.3390/

Islam, M.S., Paul, A., Talukder, M., Roy, K., Sobur, M.A., Ievy, S., Nayeem, M.M.H., 
Rahman, S., Nazir, K.H.M.N.H., Hossain, M.T. & Rahman, M.d.T. 2021. 
Migratory birds travelling to Bangladesh are potential carriers of multi-drug 
resistant Enterococcus spp., Salmonella spp., and Vibrio spp. Saudi Journal of 
Biological Sciences, 28(10): 5963–5970. doi: 10.1016/j.sjbs. 2021.06.053 

WHO (World Health Organization). 2020. Salmonella (non-typhoidal). [Cited 10 
July 2023] https://www.who.int/news-room/fact-sheets/detail/Salmonella-
(non-typhoidal)

WOAH (World Organisation for Animal Health. 2022. Prevention, detection 
and control of Salmonella in poultry. [Cited 10 July 2023] www.woah.org/
fileadmin/Home/eng/Health_standards/tahc/current/chapitre_prevent_
salmonella.pdf. 

Zweifel C. & Stephan R. 2012. Spices and herbs as source of Salmonella-related 
foodborne diseases. Food Research International, 45(2): 765–769. doi: 10.10 
16/j.foodres.2011.02.024

4.3   Climate change

Akil, L., Ahmad, H.A. & Reddy, R.S. 2014. Effects of climate change on Salmonella 
infections. Foodborne Pathogens and Disease, 11(12): 974–980.

Hwang, D., Rothrock Jr, M.J., Pang, H., Guo, M. & Mishra, A. 2020. Predicting 
Salmonella prevalence associated with meteorological factors in pastured 
poultry farms in southeastern United States. Science of the Total Environment, 
713: 136359.

Jiang, C., Shaw, K.S., Upperman, C.R., Blythe, D., Mitchell, C., Murtugudde, 
R., Sapkota, A.R. & Sapkota, A. 2015. Climate change, extreme events and 
increased risk of salmonellosis in Maryland, USA: Evidence for coastal 
vulnerability. Environment international, 83: 58–62.

Kumar, M., Ratwan, P., Dahiya, S.P. & Nehra, A.K. 2021. Climate change and 
heat stress: Impact on production, reproduction and growth performance 
of poultry and its mitigation using genetic strategies. Journal of Thermal 
Biology, 97: 102867.

https://doi.org/10.3390/
https://www.who.int/news-room/fact-sheets/detail/Salmonella-(non-typhoidal)
https://www.who.int/news-room/fact-sheets/detail/Salmonella-(non-typhoidal)
http://www.woah.org/fileadmin/Home/eng/Health_standards/tahc/current/chapitre_prevent_salmonella.pdf
http://www.woah.org/fileadmin/Home/eng/Health_standards/tahc/current/chapitre_prevent_salmonella.pdf
http://www.woah.org/fileadmin/Home/eng/Health_standards/tahc/current/chapitre_prevent_salmonella.pdf


122 MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT

Li, Y., Yang, Q., Cao, C., Cui, S., Wu, Y., Yang, H., Xiao, Y. & Yang, B. 2022. 
Antibacterial effect of chrysanthemum buds’ crude extract against Salmonella 
Typhimurium and potential application in cooked chicken. Foodborne Pathogens 
and Disease, 19(5): 297–303. https://doi.org/10.1016/j.psj.2020.07.038

Mahmud, S., Bari, L. & Hossain, A. 2011. Prevalence of Salmonella serovars and 
antimicrobial resistance profiles in poultry of Savar area, Bangladesh. Foodborne 
Pathogens and Disease, 8(10): 1111–1118. doi: 10.1089/fpd.2011. 0917

Morgado, M.E., Jiang, C., Zambrana, J., Upperman, C.R., Mitchell, C., Boyle, 
M., Sapkota, A.R. & Sapkota, A. 2021. Climate change, extreme events, 
and increased risk of salmonellosis: foodborne diseases active surveillance 
network (FoodNet), 2004-2014. Environmental Health, 20(1): 1–11.

Zdragas, A., Mazaraki, K., Vafeas, G., Giantzi, V., Papadopoulos, T. & 
Ekateriniadou, L. 2012. Prevalence, seasonal occurrence and antimicrobial 
resistance of Salmonella in poultry retail products in Greece. Letters in Applied 
Microbiology, 55(4): 308–313. doi: 10.1111/j.1472-765X.2012.03298.x

https://doi.org/10.1016/j.psj.2020.07.038
https://doi.org/10.1089/fpd.2011.0917
https://doi.org/10.1111/j.1472-765x.2012.03298.x


FAO/WHO Microbiological Risk 
Assessment Series 
1   FAO and WHO. 2002. Risk assessments of Salmonella in eggs and broiler 

chickens: interpretative summary 

2   FAO and WHO. 2022. Risk assessments of Salmonella in eggs and broiler 
chickens 

3   FAO and WHO. 2003. Hazard characterization for pathogens in food and water: 
guidelines 

4   FAO and WHO. 2004. Risk assessment of Listeria monocytogenes in ready-to-
eat foods: interpretative summary 

5  FAO and WHO. 2004. Risk assessment of Listeria monocytogenes in ready-to-
eat foods: technical report 

6   FAO and WHO. 2004. Enterobacter sakazakii and other microorganisms in 
powdered infant formula: meeting report 

7   FAO and WHO. 2008. Exposure assessment of microbiological hazards in food: 
guidelines 

8   FAO and WHO. 2005. Risk assessment of Vibrio vulnificus in raw oysters: 
interpretative summary and technical report 

9   FAO and WHO. 2005. Risk assessment of choleragenic Vibrio cholerae O1 and 
O139 in warm-water shrimp in international trade: interpretative summary and 
technical report 

10   FAO and WHO. 2006. Enterobacter sakazakii and Salmonella in powdered 
infant formula: meeting report 

11   FAO and WHO. 2008. Risk assessment of Campylobacter spp. in broiler 
chickens: interpretative summary 

12   FAO and WHO. 2008. Risk assessment of Campylobacter spp. in broiler 
chickens: technical report 

13   FAO and WHO. 2008. Viruses in food: scientific advice to support risk 
management activities: meeting report 

14   FAO and WHO. 2008. Microbiological hazards in fresh leafy vegetables and 
herbs: meeting report 

15   FAO and WHO. 2008. Enterobacter sakazakii (Cronobacter spp.) in powdered 
follow-up formula: meeting report 

https://www.fao.org/documents/card/en?details=dccb9789-06f4-52d5-ad83-6b78f3acfc11%2f
https://www.fao.org/documents/card/en?details=dccb9789-06f4-52d5-ad83-6b78f3acfc11%2f
https://www.fao.org/documents/card/en/c/0b30f5fc-646c-5fed-9707-3fb83934ca6f/
https://www.fao.org/documents/card/en/c/0b30f5fc-646c-5fed-9707-3fb83934ca6f/
https://www.fao.org/documents/card/en/c/1d72ad02-7bbd-57e6-8a06-97299a336f67/
https://www.fao.org/documents/card/en/c/1d72ad02-7bbd-57e6-8a06-97299a336f67/
https://www.fao.org/documents/card/en/c/dfba1baa-f028-50f9-96d1-09f6137f6f7c/
https://www.fao.org/documents/card/en/c/dfba1baa-f028-50f9-96d1-09f6137f6f7c/
https://www.fao.org/documents/card/en/c/b99a38f9-8636-5738-b369-38247c284643/
https://www.fao.org/documents/card/en/c/b99a38f9-8636-5738-b369-38247c284643/
https://www.fao.org/publications/card/en/c/3ffdb8bc-8c2c-5d73-87a4-6e9698b164ae/
https://www.fao.org/publications/card/en/c/3ffdb8bc-8c2c-5d73-87a4-6e9698b164ae/
https://www.fao.org/documents/card/en/c/85e9b0e6-4966-57e6-9097-e5eaa9e57810/
https://www.fao.org/documents/card/en/c/85e9b0e6-4966-57e6-9097-e5eaa9e57810/
https://www.fao.org/publications/card/en/c/2637907d-0a4a-51df-be36-9b9aeb6f854e/
https://www.fao.org/publications/card/en/c/2637907d-0a4a-51df-be36-9b9aeb6f854e/
https://www.fao.org/publications/card/en/c/720e0ee6-fd07-5c6b-99d5-520b6a7d9eed/
https://www.fao.org/publications/card/en/c/720e0ee6-fd07-5c6b-99d5-520b6a7d9eed/
https://www.fao.org/publications/card/en/c/720e0ee6-fd07-5c6b-99d5-520b6a7d9eed/
https://www.fao.org/documents/card/en/c/50a37040-c71d-5f10-8a25-e37370a38ebd/
https://www.fao.org/documents/card/en/c/50a37040-c71d-5f10-8a25-e37370a38ebd/
https://www.fao.org/documents/card/en/c/0c04b0a7-8b0a-4c7b-bd7d-559b98c489a4/
https://www.fao.org/documents/card/en/c/0c04b0a7-8b0a-4c7b-bd7d-559b98c489a4/
https://www.fao.org/documents/card/en/c/61d63b7f-e87e-4ead-9fab-7d5529f7c7ae/
https://www.fao.org/documents/card/en/c/61d63b7f-e87e-4ead-9fab-7d5529f7c7ae/
https://www.fao.org/documents/card/en/c/e3e43092-6b31-5cf8-828f-2aa04bbabe99/
https://www.fao.org/documents/card/en/c/e3e43092-6b31-5cf8-828f-2aa04bbabe99/
https://www.fao.org/documents/card/en/c/819bd604-e5f9-5ee5-8bd4-3a9b14d39bed/
https://www.fao.org/documents/card/en/c/819bd604-e5f9-5ee5-8bd4-3a9b14d39bed/
https://www.fao.org/documents/card/en/c/adbc52ee-6f12-5cf3-b621-772e1b661efe/
https://www.fao.org/documents/card/en/c/adbc52ee-6f12-5cf3-b621-772e1b661efe/


16   FAO and WHO. 2011. Risk assessment of Vibrio parahaemolyticus in seafood: 
interpretative summary and technical report 

17   FAO and WHO. 2009. Risk characterization of microbiological hazards in food: 
guidelines 

18   FAO and WHO. 2010. Enterohaemorragic Escherichia coli in raw beef and beef 
products: approaches for the provision of scientific advice, meeting report 

19   FAO and WHO. 2009. Salmonella and Campylobacter in chicken meat: meeting 
report 

20   FAO and WHO. 2020. Risk assessment tools for Vibrio parahaemolyticus and 
Vibrio vulnificus associated with seafood: meeting report 

21   FAO and WHO. Salmonella spp. In bivalve molluscs: risk assessment and 
meeting report, in progress 

22   FAO and WHO. 2016. Selection and application of methods for the detection 
and enumeration of human-pathogenic halophilic Vibrio spp. in seafood: 
guidance 

23   FAO and WHO. 2014. Multicriteria-based ranking for risk management of 
foodborne parasites 

24   FAO and WHO. 2016. Statistical aspects of microbiological criteria related to 
foods: a risk managers guide 

25   FAO and WHO. 2020. Risk-based examples and approach for control of 
Trichinella spp. and Taenia saginata in meat: revised edition 

26   FAO and WHO. 2022. Ranking of low moisture foods in support of 
microbiological risk management: meeting report and systematic review 

27   FAO and WHO. 2022. Microbiological hazards in spices and dried aromatic 
herbs: meeting report  

28   FAO and WHO.2016. Microbial safety of lipid based ready-to-use foods for the 
management of moderate acute and severe acute malnutrition: first report 

29   FAO and WHO. 2021. Microbial safety of lipid based ready-to-use foods for the 
management of moderate acute and severe acute malnutrition: second report 

30   FAO and WHO. 2016. Interventions for the control of non-typhoidal Salmonella 
spp. in beef and pork: meeting report and systematic review 

31   FAO and WHO. 2018. Shiga toxin-producing Escherichia coli (STEC) and food: 
attribution, characterization, and monitoring 

32   FAO and WHO. 2019. Attributing illness caused by Shiga toxin-producing 
Escherichia coli (STEC) to specific foods: report 

https://www.fao.org/documents/card/en/c/8999eaae-3d7c-5768-a1b8-042f54b0491d/
https://www.fao.org/documents/card/en/c/8999eaae-3d7c-5768-a1b8-042f54b0491d/
https://www.fao.org/documents/card/en/c/37c8cde5-6b83-5705-ac0e-17f4fdf1209b/
https://www.fao.org/documents/card/en/c/37c8cde5-6b83-5705-ac0e-17f4fdf1209b/
https://www.fao.org/documents/card/en/c/fada6cc3-bee7-4b81-bb38-56b80a5da7af/
https://www.fao.org/documents/card/en/c/fada6cc3-bee7-4b81-bb38-56b80a5da7af/
https://www.fao.org/documents/card/en/c/fada6cc3-bee7-4b81-bb38-56b80a5da7af/
https://www.fao.org/documents/card/en/c/fada6cc3-bee7-4b81-bb38-56b80a5da7af/
https://www.fao.org/publications/card/en/c/ca7240en/
https://www.fao.org/publications/card/en/c/ca7240en/
https://www.fao.org/documents/card/en/c/004643ce-e2eb-4498-8f44-53adc00f1f0e
https://www.fao.org/documents/card/en/c/004643ce-e2eb-4498-8f44-53adc00f1f0e
https://www.fao.org/documents/card/en/c/004643ce-e2eb-4498-8f44-53adc00f1f0e
https://www.fao.org/publications/card/en/c/ee07c6ae-b86c-4d5f-915c-94c93ded7d9e/
https://www.fao.org/publications/card/en/c/ee07c6ae-b86c-4d5f-915c-94c93ded7d9e/
https://www.fao.org/documents/card/en/c/eba7a8a3-8c84-4c42-a747-2f2b1c7a0f92
https://www.fao.org/documents/card/en/c/eba7a8a3-8c84-4c42-a747-2f2b1c7a0f92
https://doi.org/10.4060/cb1672en
https://doi.org/10.4060/cb1672en
https://doi.org/10.4060/cc0763en
https://doi.org/10.4060/cc0763en
https://doi.org/10.4060/cb8686en
https://doi.org/10.4060/cb8686en
https://www.fao.org/publications/card/en/c/838f60ca-ad44-4bb1-8076-465dcc2c322d/
https://www.fao.org/publications/card/en/c/838f60ca-ad44-4bb1-8076-465dcc2c322d/
https://doi.org/10.4060/cb3223en
https://doi.org/10.4060/cb3223en
https://www.fao.org/publications/card/en/c/e0083b71-7c0c-44b1-b017-183a5128358e/
https://www.fao.org/publications/card/en/c/e0083b71-7c0c-44b1-b017-183a5128358e/
https://www.fao.org/documents/card/en/c/ca0032en
https://www.fao.org/documents/card/en/c/ca0032en
https://doi.org/10.4060/ca5758en
https://doi.org/10.4060/ca5758en


33   FAO and WHO. 2019. Safety and quality of water used in food production and 
processing: meeting report 

34   FAO and WHO. 2019. Foodborne antimicrobial resistance: role of the 
environment, crops and biocides: meeting report. 

35   FAO and WHO. 2021. Advances in science and risk assessment tools for Vibrio 
parahaemolyticus and V. vulnificus associated with seafood: meeting report 

36   FAO and WHO. 2021. Microbiological risk assessment guidance for food: 
guidance 

37   FAO and WHO. 2021. Safety and quality of water used with fresh fruits and 
vegetables 

38   FAO and WHO. 2022. Listeria monocytogenes in ready-to-eat (RTE) foods: 
attribution, characterization and monitoring, meeting report 

39   FAO and WHO. 2022. Control measures for Shiga toxin-producing Escherichia 
coli (STEC) associated with meat and dairy products, meeting report 

40   FAO and WHO. 2023. Safety and quality of water use and reuse in the 
production and processing of dairy products, meeting report 

41   FAO and WHO. 2023. Safety and quality of water used in the production and 
processing of fish and fishery products, meeting report 

42   FAO and WHO. 2023. Prevention and control of microbiological hazards in fresh 
fruits and vegetables. Part 1 and 2: General principles, meeting report 

43   FAO and WHO. 2023. Prevention and control of microbiological hazards in fresh 
fruits and vegetables. Part 3: Sprouts, meeting report 

44   FAO and WHO. 2023. Prevention and control of microbiological hazards in fresh 
fruits and vegetables. Part 4: Specific commodities, meeting report 

45   FAO and WHO. 2023. Measures for the control of non-typhoidal Salmonella 
spp. in poultry meat, meeting report.

https://doi.org/10.4060/ca6062en
https://doi.org/10.4060/ca6062en
https://www.fao.org/documents/card/en/c/ca6724en
https://www.fao.org/documents/card/en/c/ca6724en
https://doi.org/10.4060/cb5834en
https://doi.org/10.4060/cb5834en
https://doi.org/10.4060/cb5006en
https://doi.org/10.4060/cb5006en
https://doi.org/10.4060/cb7678en
https://doi.org/10.4060/cb7678en
https://doi.org/10.4060/cc2400en
https://doi.org/10.4060/cc2400en
https://doi.org/10.4060/cc2402en
https://doi.org/10.4060/cc2402en
https://doi.org/10.4060/cc4081en
https://doi.org/10.4060/cc4081en
https://doi.org/10.4060/cc4356en
https://doi.org/10.4060/cc4356en
 https://doi.org/10.4060/cc8490en. 
 https://doi.org/10.4060/cc8490en. 
https://doi.org/10.4060/cc3810en
https://doi.org/10.4060/cc3810en
https://doi.org/10.4060/cc7460en
https://doi.org/10.4060/cc7460en
https://doi.org/10.4060/cc9026en
https://doi.org/10.4060/cc9026en






MEASURES FOR THE CONTROL OF NON-TYPHOIDAL SALMONELLA SPP. IN POULTRY MEAT128

In response to a request from the 52nd Session of the Codex Committee on Food 
Hygiene (CCFH), the FAO/WHO Joint Expert Meetings on Microbiological Risk 
Assessment (JEMRA) convened this meeting, to collate and assess the most 
recent scientific information relating to the control of non-typhoidal (NT)-Salmonella 
spp. in chicken meat. The assessment included a review of the Codex 
Guidelines for the Control of Campylobacter and Salmonella in Chicken Meat 
(CXG 78-2011). The Campylobacter will be reviewd by another meeting.

The expert consultation noted that no single control measure was sufficiently 
effective in reducing either the prevalence or the level of contamination of 
broilers and poultry meat with NT-Salmonella spp. Instead, it was emphasized 
that control strategies based on multiple intervention steps  would have the 
greatest impact on controlling NT-Salmonella spp. in the broiler production 
chain. This report describes the output of this expert meeting and the advice 
herein is useful for both risk assessors and risk managers, at national and 
international levels and those in the food industry working to control the 
hazard in poultry.
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