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Antimicrobial effect of dietary nitrate in weaning piglets challenged or not with Salmonella enterica serovar typhimurium
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Abstract

The maintenance of a beneficial bacteria balance in the gut is important to increase the animal’s resistance to diseases. Nitrite may kill gut pathogens representing a non-immune defence mechanism. Nitrite can be derived from dietary nitrate that is reduced under the acidic conditions of the oral cavity. 

An in vivo study was designed in order to establish the antimicrobial effects of dietary nitrate on the gut microbiota and on the health of 96 weaning piglets. The pigs were fed a diet containing high levels of nitrate (15 mg/kg feed and 150 mg/kg feed) and then challenged with Salmonella enterica serovar typhimurium. Changes of the intestinal microbiota composition were assessed by analysing the stomach and jejunum contents from all the pigs. 

Results showed that nitrate only affected the population levels of Lactic Acid Bacteria (LAB) in both segments. Pigs challenged with Salmonella showed a reduction in the levels of E. coli and clostridia in the jejunum suggesting a mechanism of competition for niches or for active sites. The time from challenge significantly decreased the number of LAB in stomach and jejunum. It also decreased the population density of clostridia in the stomach. The supplementation of feedstuff with high dietary nitrate intake contemporarily to the challenge with Salmonella did not affect the degree of ulceration in the pigs.

Introduction 

To combat pathogens is of primary importance in livestock production. This due to the economically damaging problems linked with infections caused by pathogens in newborn animals (Jacobson M. et al., 2003).

It has recently been shown that compounds such as nitrates, become powerful antimicrobial agents to acid conditions (e.g. stomach). They increase the resistance to pathogens, whereas acid alone would only have a bacteriostatic effect (Dykhuizen R. et al., 1996). 

When dietary nitrates are swallowed they are rapidly absorbed mostly from the upper small intestine and lesser from the stomach in the blood stream (McKnight G.M. et al., 1997). Nitrates are then concentrated into the salivary glands (Spiegelhalder B. et al., 1976). Approximately 25% of dietary nitrate is re-circulated by this process named “enterosalivary circulation”. Nitrites are then formed from nitrates in the oral cavity by nitrate reductase expressed by microorganisms in the mouth and then re-secreted into the upper intestinal tract (McKnight G.M. et al., 1999; Dykhuizen R. et al., 1996).

Nitrates can have antimicrobial effects not only towards intestinal pathogens as Salmonella, Yersinia and E. coli strains, but also against Helicobacter pilori (Benjamin N. et al., 1994), a bacterium that could be responsible for ulcers in the mucous of the stomach. These ulcers represent a problem from the commercial point of view of the livestock production, due to the reduction of the feed conversion power and of the animal growth (Preziosi R. et al. 2000).

Furthermore the recirculation of nitrates by the organism into the “enterosalivary circulation” would also suggest a beneficial function of nitrates for the animals (McKnight G.M. et al., 1999).

The aims of this study were to assess the impact of increasing doses of dietary nitrate on ulceration levels in pigs and to quantify the effect of supplementing the diet of pigs with nitrates on the population density of normal stomach and upper intestine microflora.
Materials and methods 

The experiment was carried out to test the effect of two different doses of nitrate supplied by potassium salt, on normal stomach and upper intestine microbiota and ulceration levels in the stomach of pigs challenged or not with Salmonella enterica serovar typhimurium. The pigs were challenged with 1.5 ml broth orally supplied containing 1x109 CFU Salmonella enterica serovar typhimurium. Control pigs received a placebo (only broth). Half of the pigs were sacrificed on day+7 (+ 2 after being challenged), and the other half on day+25 (+20 after being challenged).

A total of 96 pigs (Landrace x Large White), weaned at 21 days, were randomly assigned to one of the following treatments: 1. base diet (16 pigs); 2. base diet + 15 mg/kg nitrates (16 pigs); 3. base diet + 150 mg/kg nitrates (16 pigs); 4. base diet + Salmonella (16 pigs); 5. base diet + 15 mg/kg nitrates + Salmonella (16 pigs); 6. base diet + 150 mg/kg nitrates + Salmonella (16 pigs).

The stomach was removed for quantification of the ulcerae. The gastric content was measured for pH after sacrifice.

Using plate counts, five microbial groups were enumerated in the stomach and in the jejunum contents: LAB, Bifidobacterium spp., E. coli, Clostridium spp, and Yeasts. The quantitative detection of Bifidobacterium spp. was also performed by a direct semi-quantitative genus PCR. The pathogen Salmonella enterica serovar typhimurium was qualitatively detected in faecal samples, mesenteric lymph nodes and in jejunum contents.

The data were analysed by analysis of variance (GLM of SAS) of three factorial models, A) data in vivo before challenge: diet and block (batch); B) data post challenge: model A + challenge (yes/not) and the interaction; C) data obtained at different days of sacrifice: model B + day of sacrifice (2 or 20 days from the challenge) and the interaction. Orthogonal pre-planned comparisons were tested for the effect of the diet: control vs. nitrate additions; between nitrate additions. 
Results 

The effects of the diet, the challenge and the time from challenge on average values of cultivable microbial groups in stomach and jejunum contents are shown in table1. 

There were no interactions between the different factors. 

In both segments, the population density of clostridia, bifidobacteria, yeasts and E. coli were not affected by the diet. However the concentration of E. coli in the stomach was sufficient to be recoverable by plate counts in 62.5% of the pigs in the control group, whereas in the groups of pigs receiving nitrates the frequency of pigs positive for the E. coli presence was lower (ranging from 31-37%). With higher intake of nitrate (150mg/kg), a significant decrease in the levels of LAB was observed in jejunum contents (P<0.05).

The time from challenge had an important effect of decreasing the counts of LAB in both segments and the counts of clostridia in the stomach (P<0.01).

In challenged pigs, E. coli significantly decreased in jejunum, whereas we only noted a trend of decreasing clostridia counts in the same segment.
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E. coli 

a

2.90 3.21 3.44 0.34 3.04 3.32 0.28 2.96 3.40 0.29

LAB 

5.99 6.09 6.19 0.34 6.19 5.99 0.28 6.97 5.20

0.28

 b

Yeasts

5.29 5.31 5.45 0.24 5.40 5.30 0.20  5.57 5.13 0.20

Clostridia

5.61 5.54 5.96 0.31 5.84 5.56 0.25 6.39 5.02

0.25

 b

Bifidobacterium spp. 

6.41 6.18 6.38 0.12 6.38 6.26 0.10 6.53 6.11 0.09

Jejunum

E. coli 

a

5.82 5.90 6.01 0.32 6.32 5.50

0.26

 c

5.96 5.86 0.26

LAB 

6.55 7.17 6.51

0.21

 e

6.93 6.56 0.17 7.14 6.35

0.17

 b

Yeasts

5.79 5.87 5.82 0.22 5.82 5.83 0.18 5.78 5.88 0.18

Clostridia

7.05 7.13 7.17 0.20 7.31 6.92

0.17

 d

7.16 7.07 0.16

Bifidobacterium spp. 

6.82 7.07 6.46 0.19 6.65 6.91 0.16 6.86 6.70 0.16

a

 Only 32 pigs had detectable values: 10 for C, 12 for Ni15; 10 for Ni150; 20 for unchallenged, 12 for challenged pigs.

b

 Days Post challenge, P < 0.01.

c

 Challenge, P < 0.05. 

d

 Challenge, P = 0.10.

e

 Ni15 Vs Ni150, P < 0.05.

Interactions between different factors were never statistically significant (P > 0.05).

SEM

Days post challenge

SEM

Table 1. Effect of the diet, challenge and time from challenge on average values of bacteria in the stomach and in 

the jejunum contents of pigs fed high nitrate concentration.

Stomach

Diet

SEM

Challenge Salmonella


Discussion 

The dietary addition of nitrate and the presence of Salmonella did not affect the degree of ulceration in the stomach. The appearance of the gastric mucosa was indicative of a healthy condition of pigs.

The supplementation of the diet with nitrates did not affect the population density of the bacteria in both segments, with the only exception of cultivable LAB in the jejunum contents that significantly decreased (P<0.05). 

The reduction of LAB content with time, and therefore with age, could be linked to the suspension of milk supplementation after weaning that reduces the intake of substrates favourable for LAB growth. 

Salmonella enterica serovar typhimurium was found in almost all challenged pigs. In jejunum contents of challenged piglets there was a significant reduction of E. coli concentration (P<0.05) and a trend of reduction in clostridia levels. This could be probably due to a niche exclusion mechanism and/or to a competition for active sites.  

Nitrates did not seem to confer resistance against the Salmonella colonisation, even though some unchallenged pigs also resulted positive for the Salmonella presence in the lymph nodes and in jejunum contents.
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