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Background  
Salmonella infection is one of the most 

common food-borne illnesses in the world. 

Most human infections are food-borne and are 

mostly caused by Salmonella enteritidis and S. 

typhimurium. In addition, over 65% of 

salmonella infections in humans are caused by 

the consumption of contaminated eggs. 

Since 2003, the EU has more strict and specific 

legislation (Regulation EC 2160/2003) on the 

control of Salmonella and other food-borne 

diseases. This regulation has established 

mandatory annual reduction targets which are 

country-specific and based on the prevalence 

of previous years. These reduction targets 

have been implemented gradually since 2010 in 

poultry farming (breeding hens, laying hens, 

broilers and turkeys).  

The efforts for implementing control measures 

in poultry farming have resulted, over the last 

few years, in a very significant decrease in the 

prevalence of salmonella in our farms. 

However, Salmonella and Campylobacter 

infections remain the main two food-borne 

illnesses in humans, and therefore the poultry 

industry has not ceased to work for improving 

the implementation of measures to continue to 

reduce these cases. 

 
 

Comprehensive control plan 

 
The most efficient strategy in the struggle against infectious 

diseases is the combination of different measures and tools within 

a comprehensive control plan. Within such a comprehensive 

control plan, good biosecurity and management practices should 

always be implemented.  

Biosecurity measures include a wide range of actions, such as 

location of the farm, housing of the facilities, fencing with 

controlled access and disinfection systems for vehicles, footbaths 

and residue elimination. 

Specific management measures primarily include cleaning and 

disinfection procedures, insect and rodent control plans, all in/all 

out (AIAO) production systems to avoid the spread of infection 

within the farm, and water and feed hygiene. 

In any case, no measure should be considered in an isolated 

or definitive form, but as an additional tool for optimizing the 

efficacy of the comprehensive control plan of which it is part. 

 

Anti-Salmonella protective agents in the 

feed 

 
Salmonella, Campylobacter and other enterobacterial 

infections are transmitted horizontally and orally in the majority of 

cases. Therefore, the inclusion in the feed of protective agents is 

an effective tool to protect against enterobacteria from the feed 

itself or from other sources (feeding and watering troughs, feces, 

beds, insects, etc.) and should be implemented to prevent their 

access to the gastrointestinal tract.    

The most widely documented strategy is the inclusion of short-

chain organic acids, either in their free or salt form. Ammonium 

salts are particularly effective, especially formic acid salts. 

Nevertheless, high levels of these substances need to be included 

in the feed in order for them to be efficient, and their efficacy is 

reduced along the intestinal tract due to natural intestinal 

absorption. Other strategies such as probiotic agents or essential 

oils have also been proposed.  
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Fig. 1. Adherence  

of Salmonella 

typhimurium to 

intestinal cells in 

the presence of 

SALMOSAN® at 

different 

concentrations 

(µg/mL) (adapted 

from Badia et al., 

2012). 
 

 

 
 
 

 

Additionally, carbohydrate biopolymers have been studied 

over the last few years for their great potential (Gast et al., 

2007). Carbohydrate biopolymers appear naturally in the soluble 

fraction of fiber in the animal’s diet and have prebiotic properties 

(Zhang, 2004). The most effective biopolymers against 

salmonella and other enterobacteria such as campylobacter c. 

Mannose is a monosaccharide with great binding specificity for 

Fim H adhesins of type I fimbriae on the surface of many 

enterobacteria (Oyofo et al., 1989). Enterobacteria use their 

fimbriae to recognize mannose residues on the glycoproteins of 

the cell surfaces in the birds’ intestinal mucosa. This is how 

these pathogens adhere to the intestinal wall as a previous and 

key step to penetrating enterocytes and invading the lymphoid 

tissue.  

Therefore, the use of mannose-rich compounds prevents the 

bacterial ability to invade by blocking their fimbriae. However, it 

is not just the contents of mannose, but also the structure of the 

molecule, which determines the efficacy of these carbohydrates. 

For this reason, simple mannose monomers have low blocking 

capacity on bacterial fimbriae (Vilà et al., 2012), and the 

resulting levels of intestinal tissue damage are similar to those of 

untreated animals (Badia et al., 2013). On the contrary, 

oligomannans (small to medium-sized carbohydrates containing 

mannose) have been shown to be very efficient and have 

prebiotic properties which promote the gut flora and the 

competitive exclusion of pathogens. 

Yeast cell walls have also been used, but the level of 

oligomannans in commercial products hardly reaches 30%. A 

more recent alternative is the use of vegetal biopolymers from 

the seeds of several legumes, such as carob or guar beans. The 

endosperm is extracted from these seeds to form a gum that is 

one of the richest sources of mannans known, in the form of β-

galactomannans. These are macromolecules formed by simple 

chains of up to thousands of mannose units, with galactose  

branches along the chain. The mannose:galactose ratio is usually 

2,5-4:1. Unlike other sources, products with mannan levels above 

90% may be obtained from this vegetal source. However, β-

galactomannans have thickening and gelling properties in 

aqueous solutions, one of their main characteristics. This is a 

drawback to their use in feeds, as these properties have a 

negative impact on the absorption of nutrients (Vilà et al., 2012).  

These disadvantages are overcome by product SALMOSAN®, 

a source of vegetal β-galactomannans. Using SALMOSAN® 

proprietary technology, mannose long chains are fragmented by 

depolymerization and the thickening properties are completely 

neutralized. Adequate doses may thus be used without affecting 

intestinal viscosity or the animal’s productive levels. In addition, 

the resulting oligomannans have prebiotic properties. 

 

 

Blocking bacterial fimbriae to prevent 

intestinal adherence  

The mechanism of action of SALMOSAN® was studied by 

Badia et al. (2012), who conducted a number of studies in 

intestinal cell cultures. For these studies, the authors added 4 × 

106 CFU Salmonella typhimurium with or without SALMOSAN®. 

Figure 1 shows the results of S. typhimurium adherence to 

intestinal cells according to the concentrations of the active 

ingredient versus cultures without S. typhimurium (negative 

control) and without SALMOSAN® (positive control). In the 

presence of hydrolyzed β-galactomannans at 0.5 µg/mL, the 

invasion of intestinal cells by S. typhimurium was inhibited 

significantly; inhibition was about 60% versus the positive control 

(P < 0.05). In the presence of β-galactomannan levels of 10 

µg/mL, the reduction was above 70% (P < 0.01).    

 



 
 
 
 
 
 
 
 
 
 
Fig. 2. Imágenes 

de microscopía 

electrónica de 

SALMOSAN® 

aglutinando  
Salmonella en 

tejido intestinal 

de pollo. 

 
 

 
These authors have also evaluated the effect of 

SALMOSAN® on the intestinal invasion ability of Escherichia coli 

(Badia et al., 2012b), by inoculating 107 CFU E. coli K88 on 

intestinal cells protected with varying concentrations of β-

galactomannans, of up to 20 µg/mL. Up to 80% reduction in cell 

invasion was observed. The presence of adhesins sensitive to β-

galactose in E. coli seems to contribute to the blocking efficacy of 

β-galactomannans (Badia et al., 2013). The bacteria blocked by 

SALMOSAN® are excreted in the feces and have no infective 

capacity. 

It should be borne in mind that, in order to determine whether 

a product is really efficient, the amount of pathogen used in 

assays of this type is much greater than the amount found in the 

gut of a naturally infected animal. Therefore, even if the results 

show a clear reduction in the levels of salmonella adherence to 

gut cells, the fraction of blocked bacteria in the actual farm setting 

will be even higher, thus contributing to the objective of total 

intestinal tract protection against enteropathogens. 

Unadhered Salmonella remains blocked and is agglutinated 

by the hydrolyzed β-galactomannans, as observed in the electron 

microscope images taken by the Department of Pharmacy at the 

University of Barcelona (Figure 2).  

 

 
 

 

The rugged, spherical structure of the β-galactomannans is 

seen clearly in this image; this structure facilitates the binding of 

bacteria to the molecules of mannose. 

 
Anti-inflammatory and immunomodulatory 
effect 
 

 
Salmonella and other enterobacteria not only carry 

zoonoses, but they also compromise the animals’ intestinal 

integrity, with inflammatory processes and the disruption of the 

so-called “epithelial barrier function”, i.e. the intestinal tract’s 

role as an animal’s main natural barrier against external 

pathogens (Figure 3). This may result in lower feed efficiency 

and in higher susceptibility to infection.  

The expression of mitochondrial RNA (mRNA) has been 

studied in several pro-inflammatory cytokines and chemokines 

in cultures of intestinal cells infected with Salmonella. Cytokines 

and chemokines play chemical messenger roles among cells 

and are involved in the coordination of the inflammatory and 

immune response in tissues (Badia et al., 2012).  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Effect of Salmonella on the epithelial barrier function of the gut mucosa (Source: Department 
of Pharmacy, University of Barcelona).  

 

 

 
 
 

Fig. 2. Electron 

microscope 

image of 

SALMOSAN® 

agglutinating 

Salmonella in 

chicken gut 

tissue. 

Disruption of the epitelial barrier function Protective effect on the epitelial barrier 

function 
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Fig. 4. Effect of SALMOSAN® on mRNA synthesis for the production of 

pro-inflammatory substances against salmonella by gut cells. 

 

 

Among other effects, Brufau et al. (2014) 

observed that chickens supplemented with 

these indigestible carbohydrates show a 

marked increase of goblet cells, which have a 

key role in the production of the thin mucus 

layer which lines the intestinal epithelium and 

helps protect it against the adherence of 

pathogens. A physiological increase in the 

production of mucus has also been observed 

by the authors. 

 
In vivo efficacy 

 
The efficacy of SALMOSAN® for blocking 

pathogens in the gut has been confirmed both 

in layers and in broilers. A total of 225 HyLine 

layers were inoculated with S. enteritidis (109 

CFU) at 27 days after adding SALMOSAN® 

daily in the diet at 1 kg/mT feed. 

Microbiological examination of the cecum and 

ovaries in the treated group showed that 

susceptibility to infection was lower than 

baseline (6.3% vs. 25%). In addition, at 4 

weeks post-inoculation, infected animals in 

the treated group no longer excreted the 

pathogen and their tissues did not appear to 

be infected (Table 1).  

 

 

 

Therefore, they are good markers of the inflammatory 

processes that intestinal cells undergo when they are invaded 

by enteric pathogens such as Salmonella.  

The results obtained are shown in Figure 4. SALMOSAN® 

showed a marked anti-inflammatory effect, with up to a two-

fold reduction of mRNA for GM-CSF (granulocyte and 

macrophage colony stimulating factor) and interleukins IL-1 

and IL-6 versus control, even in the absence of salmonella. In 

the presence of salmonella, the expression of TNFα (tumor 

necrosis factor) and GM-CSF mRNA decreased by 70% 

versus control. The levels of IL-1 mRNA were also up to 6 

times lower than those of enterocytes without SALMOSAN®.  

Therefore, the anti-inflammatory and immunomodulatory 

effect of β-galactomannans has been confirmed in the gut 

mucosa when intestinal integrity is compromised by 

Salmonella. 

The effect of β-galactomannans on the morphology and 
integrity of the intestinal mucosa has also been evaluated. 

 
 
 
 
Table 1. Number of laying hens positive for Salmonella 
enteritidis in the cecum at 5 months post-infection (109 
CFU). 

 

Treatment 30 days 90 days 120 days 150 days 
     

Control + 25a 25a 12,5a 12,5a 

SALMOSAN® 6,3b 6,3b 0b 0b 
(0.1 %)     

     

 
Such protection against infection has also been confirmed in 

broilers. Zaaboune et al. (2013) used 150 broilers per treatment 

which were orally inoculated with S. enteritidis (108 CFU) at age 

7 days. At 21 days of age, the presence of bacteria in the 

cecum was 25% in the control group, whereas no infection was 

seen in the group treated with SALMOSAN® at 1 kg/mT feed. 

 

 

 

 

 

 

 



Conclusion 

 
Vegetal β-galactomannans are the richest source of mannans 

available. Mannans are very efficient for blocking enterobacteria 

such as Salmonella, preventing them from invading the intestinal 

mucosa. In addition, because they are depolymerized, β-

galactomannans may be used at adequate doses without 

increasing intestinal viscosity or affecting nutrient absorption. 

Furthermore, these hydrolyzed components have prebiotic and 

immunomodulatory properties and protect the integrity of the 

bird’s intestinal wall. 
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