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Abstract 

The objective was to evaluate an organic acid blend supplied via water and feed to control the spread of 

Salmonella Heidelberg in broilers from 1–31 days of age, and improve growth performance in broilers. The 

design was a complete randomized block with five treatments and five replicates, 25 experimental units (13 

birds per unit, density of 13 birds/m2). A total of 325 one day old female chicks were randomly arranged in 

five treatments: T1 – Negative control (no acid blend via water and feed + 0.5 mL of physiological solution 

in water); T2 – Positive control (no acid blend via water and feed + inoculation of 0.5 mL of Salmonella 

Heidelberg (1.2 x 106 CFU); T3 – Acid blend via water + inoculation of 0.5 mL of Salmonella Heidelberg 

(1.2 x 106 CFU); T4 – Acid blend via feed + inoculation of 0.5 mL of Salmonella Heidelberg (1.2 x 106 CFU); 

T5 – Acid blend both via water and feed + inoculation of 0.5 mL of Salmonella Heidelberg (1.2 x 106 CFU) 

in drinking water and feed. The results were analyzed using Bayesian comparisons with 5% significance and 

a priori beta distribution. Significant effects of treatments were found on feed conversion at 21, 28, and 31 

days, where treatments T3 and T5 had the best results. Regarding live weight, no significant effects were 

observed between treatments. There was no significant effect of using a mixture of organic acids in reducing 

the incidence of Salmonella Heidelberg among the treated groups, in intestines at nine days, using drag swab 

at 16 days, and crop collection at 31 days. There were no significant differences between the test groups and 

control groups. 

Keywords: animal health; broiler performance; food safety. 

 

Resumo 

O objetivo foi avaliar uma mistura de ácido orgânico fornecida via água e ração para controlar a 

propagação de Salmonella Heidelberg em frangos de 1 a 31 dias de idade e melhorar o desempenho dos 

frangos de corte. O delineamento foi em blocos ao acaso com cinco tratamentos e cinco repetições, 25 

unidades experimentais com 13 aves/unidade (densidade de 13 aves/m 2). Um total de 325 pintinhas de 

corte foi distribuído aleatoriamente em cinco tratamentos: T1 - Controle Negativo (sem ácidos via água 

de bebida ou ração + 0,5 mL de solução fisiológica em água de bebida); T2 - Controle positivo (sem 

ácidos via água de bebida ou ração + 0,5 mL de Salmonella Heidelberg (1.2 x 106 CFU); T3 - Ácido na 

água de bebida + inoculação de 0,5 mL de Salmonella Heidelberg (1.2 x 106 CFU); T4 - Ácido na ração 

+ inoculação de 0,5 mL de Salmonella Heidelberg (1.2 x 106 CFU); T5-Ácido via água de bebida e ração 

+ inoculação de 0,5 mL de Salmonella Heidelberg (1.2 x 106 CFU). Os resultados foram analisados 
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usando comparações Bayesianas (5% de significância) e distribuição com priori beta. Efeitos 

significativos foram encontrados na conversão alimentar aos 21, 28 e 31 dias, onde os tratamentos T3 

e T5 apresentaram os melhores resultados. Em relação ao peso vivo, não foram observados efeitos 

significativos entre os tratamentos avaliados. Não foi observado efeito significativo para o uso de 

mistura de ácidos orgânicos na redução da incidência de Salmonella Heidelberg entre os grupos tratados, 

em intestinos em nove dias, swab de arrasto aos 16 dias e a coleta de papo aos 31 dias. Não houve 

diferenças significativas entre os grupos testes e grupos controle.  

Palavras-chave: sanidade animal; desempenho; saúde alimentar. 

 

 

Introduction 

Considering the problem of foodborne 

diseases, Salmonella appears as one of the greatest 

agents in outbreaks of food poisoning (Lake et al., 

2002). This bacterium also stands out due to its 

wide occurrence in humans and animals 

(mammals, reptiles, and birds), with birds 

responsible for a significant role in the 

epidemiology of Salmonella as they act as large 

reservoirs (Borsoi et al., 2010). 

The genus Salmonella belongs to the 

Enterobacteriaceae family and consists of two 

species: Salmonella enterica and Salmonella 

bongori. The species Salmonella enterica is 

divided into six subspecies: enterica, salamae, 

arizonae, diarizonae, and indic houtenae (Grimont 

and Weill, 2007), where the enterica subspecies 

includes the serovar Heidelberg (Davis et al., 

2008). 

According to the classic Kauffman-White 

scheme, based on the characterization of their H 

(flagellar), O (somatic), and occasionally Vi 

(capsular) antigens, each subspecies has different 

serovars, which currently total 2,610 

(Guibourdenche et al., 2010).  

Salmonellosis in humans is caused by 

various serotypes of Salmonella. Salmonella 

Heidelberg is one of the most prevalent serovars 

correlated with salmonellosis in humans, as well as 

infections caused by Salmonella in broilers (Gast et 

al., 2007). 

Salmonella Heidelberg is the enteric 

pathogen originated from food most often related 

to the occurrence of human intoxication in the 

literature. The importance of this microorganism 

stems from its significant prevalence with 

worldwide distribution in poultry production and 

its implications for public health (Gast, 2003). 

With the emergence of some types of 

bacterial resistance, the use of antibiotics and 

adjuvant vaccines restrictions has increased. Thus, 

other tools to control the incidence of Salmonella 

in chickens are being explored (Rahimi et al., 

2007), as organic acids, that have been evaluated 

for this purpose with success (Stratford et al., 

2009). 

In this context, the objective of this work 

was to evaluate the effectiveness of a blend of 

organic acids, provided via drinking water and 

feed, to control the spread of Salmonella 

enterica subsp. enterica serovar Heidelberg and 

to improve growth performance in broilers. 

 

Material and Methods 

This experiment was conducted at the 

Laboratory of Experimental Aviary Poultry 

Innovations (LINAV) of Universidade 

Tecnológica Federal do Paraná, Campus Dois 

Vizinhos, Paraná State, Brazil. The study was 

conducted over a period of 31 days from August 

to September of 2014. A total of 325 Cobb 500 

female broilers, vaccinated in the hatchery against 

Marek disease, avian infectious bronchitis, and 

yaws were included. The average live weight was 

42.80 ± 0.30 g; at day one, the density was 13 

birds/m². All boxes were equipped with a tubular 

feeder and four beaks of nipple type water 

fountains. The floor was made of concrete and the 

bed composed of pine wood shavings with a 

thickness of 8 cm. 

The facility is equipped with automatic 

temperature control, which controlled heating and 

cooling systems. When the ambient temperature 

was below a set point, the heater was triggered. 

Similarly, the cooling was triggered when the 

ambient temperature was higher than desired, 

according to the age of the birds. 

The feeding program was divided into two 

stages, starter feed (1–14 days) and growth phase 

feeding (15–31 days). The diet was composed of 

corn, soybean meal, bone meal, and meat. The 

rations did not contain any anticoccidial agent nor 

growth promoter. Diets were formulated according 
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to the nutritional requirements indicated by 

Rostagno et al. (2017). 

The birds were kept from 1 until –31 days of 

age under ideal temperatures according to their age, 

supplied with non-chlorinated water, and abundant 

feeding. The lighting program was that 

recommended for the lineage: first day 24L:0D (L: 

light and D: dark), from the second to seventh day 

23L:1D, from the eighth to twenty-eighth day 

18L:6D, and from the twenty-ninth to thirty-first 

day (slaughter) 23L:1D. 

The experimental design used involved 

randomization in blocks with five treatments and 

five replicates each, with a total of 25 boxes as 

experimental units, and with 13 birds per box 

(density of 13 birds/m2). The 325 birds were 

randomly distributed into the experimental units 

and the treatments were classified as: T1 – 

Negative control (no acid blend via water and feed 

+ 0.5 mL of physiological solution in water); T2 – 

Positive control (no acid blend via water and feed 

+ inoculation of 0.5 mL of Salmonella Heidelberg 

(1.2 x 106 CFU); T3 – Acid blend via water + 

inoculation of 0.5 mL of Salmonella Heidelberg 

(1.2 x 106 CFU); T4 – Acid blend via feed + 

inoculation of 0.5 mL of Salmonella Heidelberg 

(1.2 x 106 CFU); T5 – Acid blend both via water 

and feed + inoculation of 0.5 mL of Salmonella 

Heidelberg (1.2 x 106 CFU) in drinking water and 

feed. 

The blend administered via feeding 

(trademark TART-450®) had as a basic 

composition: calcium formate; fumaric acid; 

silicon dioxide; bentonite; citric acid; calcium 

propionate; kaolin; oregano; citric acid. Fumaric 

acid and citric acid were the main components with 

19 and 95 g/kg, respectively. The blend 

administered via drinking water had the trade name 

TART AQUAVITTA® and its elemental 

composition was as follows: fumaric acid; sodium 

bisulfate; citric acid; and silicon dioxide, with 

fumaric acid and citric acid being its main 

components at 243.8 and 248.7 g/kg, respectively. 

These products were used in treatments T3, T4, and 

T5 until the seventh day, 24 hours per day. 

After this period, the birds were given feed 

and water ad libitum, without any treatment. This 

procedure was repeated until the last four days of 

age when again the birds received the blend of 

organic acids via drinking water and feeding, 

following the treatments for 24 hours, until the 

preslaughter fasting period, which was five hours. 

The strain of Salmonella Heidelberg used in 

the experiment was previously isolated from a field 

sample and was resistant to nalidixic acid (100 

μg/mL). It was recovered from lyophilized 

cultures. Five minutes before being placed in the 

bird pits, all birds from treatments T2, T3, T4, and 

T5 were inoculated with 0.5 mL of a solution 

containing 1.2 x 106 CFU Salmonella 

Heidelberg/mL. In T1 (negative control), the birds 

were inoculated with 0.5 mL of physiological 

solution through a 3 mL sterile pipette via the 

esophageal route. At the end of each experimental 

(7, 14, 21, 28 days) and slaughter (31 days) week, 

all birds and feed leftovers were weighed for 

performance evaluation: average food intake, 

middleweight, daily weight gain, and feed 

conversion. From the first day of life, the birds that 

died were weighed and discounted from the total 

number to obtain estimates of food conversion, as 

per the methodology described by Rostagno et al. 

(2017). 

In order to assess the presence of 

Salmonella in organs of the digestive tract, 

samples of the ileum pool, cecum, and cecal tonsils 

were obtained at nine days of age, 15 birds of each 

treatment were necropsied at 7:00 am. The organs 

were collected sterilely. The same procedure was 

used to obtain the craw samples at the time of 

slaughter at 31 days of life. These samples were 

stored in a Styrofoam box, packed with recyclable 

ice and forwarded on the same day to the 

laboratory responsible for the analyses. 

For the isolation of Salmonella Heidelberg 

in the feces of the birds, drag swabs were collected 

at 16 days of age, in 25 boxes. The swabs were 

collected following act IN 126 from the Brazilian 

Agriculture Ministry, Livestock and Supply 

(MAPA) regulations (BRASIL, 1995). To avoid 

cross-contamination between the blocks, 

disposable plastic boots and a pair of gloves for 

each swab sample were used. These samples were 

stored in a Styrofoam box, packed with recyclable 

ice and forwarded the same day to the laboratory 

responsible for the analyses. 

To assess the effectiveness of the treatments 

on colonization of Salmonella Heidelberg in the 

gastrointestinal tract, samples of ileum, cecal 

tonsils, and cecum were collected, and wattle 

samples were collected based on the legal act IN 

126 from the MAPA regulations. The percentage 

of positivity was classified using the swab tests, 

using the same standard used by MAPA. These 

samples were processed in a private Animal 
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Health Laboratory, recognized by MAPA 

(BRASIL, 1995). 

For the statistical analysis, the objective was 

to test the null hypothesis of equality between 

treatments with a 5% level of significance using 

Bayesian comparisons. For this, we used non-

informative a priori distributions in the procedure. 

It was considered that feed conversion and 

slaughter live weight followed normal 

distributions: 

𝑌𝑖~𝑁𝑜𝑟𝑚𝑎𝑙 (𝜇𝑖, 𝜎𝑖
2)𝑐𝑜𝑚 𝑖

= 1, 2, 3, 4, 𝑎𝑛𝑑 5 (corresponding to treatments) 

Each 𝜇𝑖  𝑎𝑛𝑑 𝜎𝑖
2 were considered a priori 

non-informative distributions: 

𝑌𝑖~𝑁𝑜𝑟𝑚𝑎𝑙(0, 166) 𝑎𝑛𝑑 𝜎𝑖
2~ 𝐺𝑎𝑚𝑎 (103, 103)  

(𝑐𝑜𝑛𝑗𝑢𝑔𝑎𝑡𝑒 𝑓𝑎𝑚𝑖𝑙𝑦) 

It was considered that isolation of 

Salmonella Heidelberg in swabs and necropsies 

followed a priori beta distribution: 

𝑌𝑖~𝐵𝑒𝑡𝑎(𝜇𝑖 , 𝜎𝑖
2) 𝑤ℎ𝑒𝑟𝑒 𝑖

= 1,2,3,4, 𝑎𝑛𝑑 5 (𝑐𝑜𝑟𝑟𝑒𝑠𝑝𝑜𝑛𝑑𝑖𝑛𝑔 𝑡𝑜 𝑡ℎ𝑒 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑠) 

Each 𝜇𝑖  𝑎𝑛𝑑 𝜎𝑖
2 were considered a priori: 

𝑌𝑖~𝑁𝑜𝑟𝑚𝑎𝑙(0, 166) 𝑎𝑛𝑑 𝜎𝑖
2~ 𝐵𝑖𝑛𝑜𝑚𝑖𝑎𝑙 (103, 103)  

(𝑐𝑜𝑛𝑗𝑢𝑔𝑎𝑡𝑒 𝑓𝑎𝑚𝑖𝑙𝑦) 

Multiple comparisons were made among 

distributions a posteriori of the averages. With a 

5% level of significance, the treatments were 

considered different when credibility intervals for 

the differences were not zero (Rossi, 2011). The 

results were obtained using the R2OpenBUGS 

packages, MASS, BRugs, and CODA from R® 

software (R Core Team, 2014).  

 

Results and Discussion 

 

Performance 

According to Table 1, the addition of organic 

acids in treated groups did not significantly 

influence the average live weight and feed 

conversion at seven days of age. 

It was observed that the inoculation of 

Salmonella Heidelberg, administered orally on the 

first day, adversely influenced (p ≤ 0.05) feed 

conversion of the birds challenged within one to 

seven days. This was related to the interaction 

between the agent and the intestinal microbiota of 

inoculated birds. Chaves (2007) found similar 

results for broilers treated for Salmonella 

enteritidis.  

According to Rocha (2008), the invasion of 

the intestinal microflora by Salmonella spp., which 

are considered pathogenic to birds and humans, 

probably caused the imbalance in natural 

colonization of the gut during the first week of life, 

reflecting negatively on the use of diet and 

nutrients and causing a reduction in bird 

performance. 

Salazar et al. (2008) and Zanelato et al. 

(2008) evaluated the interaction of organic acids on 

performance variables and found significant 

differences for weight gain, feed conversion, and 

feed intake. Campo et al. (2004) stated that the first 

few weeks of life are crucial to the development of 

the digestive tract of birds. Similarly, Viola and 

Vieira (2008) showed benefits in weight gain and 

average weight of broilers in the first weeks of 

rearing using organic acids in feed. 

 
Table 1. Bayesian estimates for feed conversion ratio (FCR) and middleweight (MW), a posteriori, at seven days of 

treatment. 

Treatments FCR posteriori CV (%) MW a posteriori (g) CV (%) 

T1 1.294 a 5.65 0.146b 9.46 

T2 1.331b 5.40 0.148ab 10.06 

T3 1.311b 5.90 0.147b 9.72 

T4 1.403bc 3.60 0.134bc 10.67 

T5 1.379bc 4.14 0.143b 10.34 

a, b Means followed by different letters in the column are statistically different through Bayesian comparisons (p ≤ 0.05) 

*: Treatments: T1: Negative control; T2: Positive Control; T3: Acid blend via water; T4: Acid blend via feed; T5: Acid blend via 

water and feed. 

 

Over the period from one to 31 days, no 

differences in growth performance among the 

treatments evaluated (p ≥ 0.05) were observed 

(Tables 2–5). The use of a blend of organic acids 

positively influenced the feed conversion ratio in 

the groups treated with organic acids at 21 days old, 

as shown in Table 3. 

Feed conversion in the groups treated with 

organic acids at the age of 14 days was better only 

when compared to the negative control group, not 

demonstrating an effectiveness in improving this 
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indicator for this age group. Similar results were 

observed by Maiorka et al. (2004), who used a 

mixture of organic acids based on fumaric acid and 

citric acid, and Garcia et al. (2000), who used 

isolated butyric acid and an association of butyric 

acid and formic acid in broiler diets and did not 

observe differences in weight gain, feed 

conversion, or feed intake between the treated 

groups when evaluating zootechnical indices at 14 

days. 

Regarding average weight, the group treated 

with a blend of organic acids via drinking water had 

a better numerical result when compared with other 

groups. This result agrees with those obtained by 

Viola and Vieira (2008), who observed better 

results for feed conversion and average weight 

when using organic acids via drinking water.

 

Table 2. Bayesian estimates for the feed conversion ratio (FCR) and middleweight (MW) posteriori at 14 days of age of 

treatments. 

Treatments FCR a posteriori CV (%) MW a posteriori (g) CV (%) 

T1 1.569b 2.14 0.343b 6.06 

T2 1.449ab 6.46 0.325bc 6.27 

T3 1.433ab 6.90 0.351ab 4.47 

T4 1.449ab 5.92 0.319bc 5.32 

T5 1.464b 4.67 0.337b 4.62 
a, b Means followed by different letters in the column are statistically different through Bayesian comparisons (p ≤ 0.05) 

*: Treatments: T1: Negative control; T2: Positive Control; T3: Acid blend via water; T4: Acid blend via feed; T5: Acid blend via 

water and feed. 

 
Table 3. Bayesian estimates for the feed conversion (FCR) and middleweight (MW) posteriori at 21 days of age of 

treatment. 

Treatments FCR a posteriori CV (%) MW a posteriori (g) CV (%) 

T1 1.666 a 1.51 0.699b 3.63 

T2 1.996b 6.54 0.659bc 4.77 

T3 1.582a 5.49 0.699b 2.67 

T4 1.734b 8.92 0.667bc 4.48 

T5 1.604ab 4.65 0.689b 2.71 
a, b Means followed by different letters in the column are statistically different through Bayesian comparisons (p ≤ 0.05) 

*: Treatments: T1: Negative control; T2: Positive Control; T3: Acid blend via water; T4: Acid blend via feed; T5: Acid blend via 

water and feed. 

 

Other authors also report improvements in 

the performance of poultry over the growth phase, 

due to the increase of organic acids in the diet, such 

as Daskiram et al. (2004), who used citric acid as 

an additive in the diet during the first week of life 

of birds and had significantly better zootechnical 

results in the treated group. Zanelato et al. (2008) 

used a mixture of formic acid and butyric acid in 

the feed as an additive in the first week of life and 

obtained significantly better average live weight 

and feed conversion at 14 days. 

Evaluating the period from 1 to 21 days of 

age, differences were observed (p ≤ 0.05) for feed 

conversion ratio when comparing the groups 

treated with the blend of organic acids with the 

control groups (Table 3). 

Concerning feed conversion, the group 

treated with the blend of organic acids via drinking 

water was significantly better when compared to 

the other evaluated groups. In the evaluation 

performed at 21 days of rearing, the group treated 

with acids via water and feed also had better results 

than the positive control group. 

Related to the average live weight of the 

birds, evaluated under one to 21 days, the groups 

treated with the blend of organic acids via drinking 

water and via drinking water and feed had a better 

numerical response when compared to other 

groups. Salazar et al. (2008) also showed an 

improvement in the growth performance of birds 

by acidifying the diet, when assessing the period 

from one to 21 days. On the other hand, Vale et al. 

(2004) used 0.5% of a mixture of organic acids 

based on formic acid and propionic acid in feed and 

did not observe a significant difference in average 

live weight or feed conversion during the same 

time interval. 

Evaluating the period from one to 28 days of 

age, differences were observed for feed conversion 

ratio, when comparing the groups treated with the 
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blend of organic acids used in treatments with the 

control (Table 4). 

The feed conversion of all groups treated 

with the blend of organic acids was better (p ≤ 0.05) 

when compared with control groups, which proves 

the effectiveness of the product in improving 

performance, over the period from 1 to 28 days. On 

the other hand, Maiorka et al. (2004) observed no 

difference in feed conversion between treatments 

when using a mixture of organic acids in the diet of 

broilers. 

The average live weight value evaluated in 

the period from one to 28 days, showed better 

numerical results in the group treated with the 

blend of organic acids via drinking water when 

compared to control groups. 

Calaça et al. (2019) observed better 

performance in birds of the groups that received 

organic acids via drinking water, which agrees with 

the results obtained in the present study. 

Evaluating the period from one to 31 days 

old (slaughter), differences were observed (p ≤ 

0.05) for feed conversion ratio when comparing 

those treated with the blend of organic acids and 

the control groups (Table 5). 

 

 
Table 4. Bayesian estimates for the feed conversion ratio (FCR) and middleweight (MW) posteriori at 28 days of age of 

treatment. 

Treatments FCR a posteriori CV (%) MW a posteriori (g) CV (%) 

T1 1.752b 2.50 1.093b 2.54 

T2 1.872bc 
7.56 

1.061bc 
3.52 

T3 1.674a 3.48 1.108ab 1.53 

T4 1.743ab 5.67 1.078bc 3.37 

T5 1.660a 3.91 1.097b 2.30 

a, b Means followed by different letters in the column are statistically different through Bayesian comparisons (p ≤ 0.05) 

*: Treatments: T1: Negative control; T2: Positive Control; T3: Acid blend via water; T4: Acid blend via feed; T5: Acid blend via 

water and feed. 

 
Table 5. Bayesian estimates for the feed conversion ratio (FCR) a posteriori and middleweight (MW) posteriori at 31 

days old of treatments. 

Treatments FRA a posteriori CV (%) MW a posteriori (g) CV (%) 

T1 1.882b 1.72 1.278b 3.23 

T2 1.942b 6.49 1.204bc 3.30 

T3 1.784ab 2.80 1.280ab 2.21 

T4 1.843ab 3.92 1.208bc 3.28 

T5 1.762a 3.44 1.275b 2.11 
a, b Means followed by different letters in the column, are statistically different through Bayesian comparisons (p ≤ 0.05) 

*: Treatments: T1: Negative control; T2: Positive Control; T3: Acid blend via water; T4: Acid blend via feed; T5: Acid blend via 

water and feed. 

 

Performing the comparison for feed 

conversion in the period from one to 31 days, all 

groups treated with the blend of organic acids were 

significantly better when compared to control 

groups. Compared to the average live weight, in the 

same period, the group treated with the blend of 

organic acids via drinking water obtained better 

results among the treatments. 

Rahmani and Speer (2005) investigated the 

effects of an organic acid as a growth promoter in 

a broiler diet and noted an improvement in 

performance when compared to the group free 

from additives in all phases. 

 

 

Microbiological analysis 

Concerning the isolation of Salmonella 

Heidelberg in broilers, all challenged groups 

showed positivity in pool collection of intestines to 

nine days. In drag swab collection at 16 days, there 

was isolation of Salmonella Heidelberg in 

challenged groups, except for the T5 group, which 

did not show any positives. In the wattle collection 

at 31 days (slaughter), isolation of Salmonella 

Heidelberg in all challenged groups was observed. 

Positivity for Salmonella Heidelberg among 

challenged groups proves the effectiveness of the 

inoculation, since the negative control group had 

obtained only one positive, representing 6.66% of 

the tests. The positive control group had 86% of 
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positivity, proving the effectiveness of inoculating 

with Salmonella Heidelberg on the first day of life.  

In Table 6, results of evaluations made 

among treatments are shown. A significant 

difference was observed only when comparing the 

groups challenged with Salmonella Heidelberg and 

treated with organic acids with the negative control 

group, in the evaluation of pools of intestines 

collected at nine days of age. 

 In the evaluation of positivity for 

Salmonella Heidelberg assessed in the craw during 

necropsy at 31 days of age, a significant difference 

was observed only when comparing the negative 

control with the other treatments (Table 6). 

Table 7 shows the results of isolation of 

Salmonella Heidelberg in drag swabs in all 

treatments and replications as well as comparisons 

between treatments. Swab samples were collected 

at 16 days of age, and there was no significant 

difference among treatments. The analysis of the 

characteristics of Salmonella Heidelberg, especially 

the formation of biofilm and low excretion of 

bacteria in the stool, suggests that the low number 

of positive samples in the swab noticed in this study 

may also be related to these two factors. 

 
Table 6. Bayesian a posteriori estimates for Salmonella Heidelberg research in ileum pool samples, cecal tonsils and ceca 

in necropsies performed at nine days and craw samples in necropsies performed at 31 days of age. 

Days Contrast * C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 

9 

Delta 
-

0.7051 

-

0.5305 

-

0.6472 

-

0.4711 
0.1747 0.058 0.2341 

-

0.1167 
0.0593 0.1760 

P-value 0.1181 0.1348 0.1251 0.1389 0.1428 0.1336 0.1460 0.1501 0.1599 0.1522 

* 

Significance 

* 

s S s s NS NS NS NS NS NS 

31 

Delta 
-

0.2935 

-

0.0592 

-

0.0585 

-

0.1185 
0.2342 0.234 0.1749 0.0006 

-

0.0593 

-

0.0600 

P-value 0.1254 0.0937 0.0935 0.1063 0.1354 0.135 0.1443 0.1065 0.1187 0.1178 
           

*: Contrast corresponds to the comparisons carried out on statistical analysis. Being C1: (T1 xT2); C2: (T1 x T3); C3: (T1 x T4); C4: 

(T1 x T5); C5: (T2 X T3); C6: (T2 x T4); C7 (T2 x T5); C8: (T3 x T4); C9 (T3 x T5); C10 (T4 x T5). 

 
Table 7. Bayesian estimates retrospectively for Salmonella Heidelberg, made by drag swab, performed at 16 days old. 

  Contrast * C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 

Swab 

16 

days 

Delta 
-

0.4293 

-

0.2846 

-

0.1442 
0.1363 0.1448 0.2851 0.4293 0.1404 0.2846 0.1442 

P-value 0.2135 0.2146 0.2009 0.1714 0.2489 0.2383 0.2136 0.2355 0.2131 0.2009 
           

*: Contrast corresponds to the comparisons carried out on statistical analysis. Being C1: (T1 xT2); C2: (T1 x T3); C3: (T1 x T4); C4: 

(T1 x T5); C5: (T2 X T3); C6: (T2 x T4); C7 (T2 x T5); C8: (T3 x T4); C9 (T3 x T5); C10 (T4 x T5). 

 

Alali et al. (2013) tested the effectiveness of 

organic acids through drinking water against birds 

with Salmonella Heidelberg. To verify the 

effectiveness of these organic acids in the control of 

Salmonella, trawl swabs were collected at 14 days 

of age. As a result of these analyses, they observed 

that organic acids were not efficient in controlling 

Salmonella Heidelberg infection in broilers, results 

similar to this work. 

Bassan et al. (2008), while adding organic 

acids and Mananoligossacharides (MOS) in feed 

and treated chickens challenged with Salmonella 

enteritidis, observed similar results to those found 

in this study. Their research found a 40% reduction 

in positivity in the group treated with organic acids 

and a 20% reduction in the group treated with MOS, 

in the evaluation of feces and cecal tonsils, at the 

age of 25 days old. 

Pickler et al. (2012), when assessing the 

presence/absence of Salmonella enteritidis in swabs 

after 48 h of inoculation in groups treated with 

organic acids, found that there was no significant 

difference, but after seven days, the mixture of 

organic acids proved effective in controlling 

Salmonella enteritidis colonization in the cecum of 

birds. 

The result of the analysis of biological 

material from the necropsy performed at 31 days of 

age was positive for Salmonella Heidelberg in all 

challenged groups. No statistical difference was 

observed among them. Byrd et al. (2001), 

evaluating the effectiveness of a blend of organic 

acids administered during the preslaughter fasting 
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on birds previously challenged with Salmonella 

Typhimurium, found a significant reduction in 

positive samples, as well as in bacterial count of 

Salmonella Typhimurium in the groups treated with 

a blend of organic acids compared to the control 

group. This highlights the importance of using 

organic acids in the last days of the lot, and also 

during the preslaughter fasting on these lots when 

there is positive confirmation for any serotype of 

Salmonella. 

Similar results were found by Piva et al. 

(2007), who observed that using a mixture of 

organic acids (malic acid, citric acid, and sorbic 

acid) protected via the microencapsulation process 

of fat, showed a slow release of the active 

ingredients in the animals’ intestines, preventing 

rapid dissociation of organic acids.  

Most of the literature regarding control of 

other Salmonella serotypes have shown that organic 

acids are effective in control, especially for 

Salmonella enteritidis (Sterzo et al., 2007). 

According to Gauthier (2005), essential oils 

can be used in association with organic acids to 

increase the action of organic acids. Essential oils 

act by damaging the bacterial cell membrane, 

facilitating the penetration of organic acids. 

In the same way, the results of swab tests 

obtained in this work were not significant to control 

Salmonella Heidelberg compared to the positive 

control group. Oliveira et al. (2000) reported that 

the organic acids added to the rations were unable 

to prevent infection of birds with the serovars of 

Salmonella enteritidis, Salmonella Agona, 

Salmonella Infantis, and Salmonella Typhimurium 

when collecting swabs at 15 days of age. 

Rúbio et al. (2009) reported that the use of 

butyric acid protected with vegetable fat was 

efficient to control fecal excretion of Salmonella 

enteritidis in broilers, compared to the use of 

organic acid only. 

 

Conclusion 

There was a positive effect when using the 

blend of organic acids added to drinking water and 

feed, with an improvement in feed conversion of 

broilers challenged with Salmonella Heidelberg 

after 21 days of age. Regarding live weight, there 

was no significant effect observed among the 

treatments.  

Based on the results observed in the pool of 

organs, in wattle samples, and in swab samples, 

there was no significant effect observed among the 

test and control groups. 
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