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ABSTRACT
This study builds on the results of a previous study in which six commercial feed products based on organic acids were
evaluated with respect to Salmonella contamination of piglets in an artificially challenged seeder model. In the present study, the
efficacy of three of these commercial products was assessed for Salmonella reduction in fattening pigs on one closed farm with a
natural high Salmonella prevalence. In each of four fattening compartments, one of the following feed treatments was evaluated
during two consecutive fattening rounds: (i) butyric acid (active ingredients at 1.3 kg/ton of feed; supplement A1), (ii) a
combination of short-chain organic acids (mixture of free acids and salts) and natural extracts (2.92 kg/ton; supplement A4), (iii) a
1:1 blend of two commercial products consisting of medium-chain fatty acids, lactic acid, and oregano oil (3.71 kg/ton;
supplement A5þA6), and (iv) a control feed. On the farm, the Salmonella status of the fattening pigs was evaluated by taking
fecal samples twice during the fattening period. At the slaughterhouse, samples were collected from the cecal contents and the
ileocecal lymph nodes. Salmonella isolates were serotyped and characterized by pulsed-field gel electrophoresis. This farm had a
particularly high number of pigs shedding Salmonella with a wide variety of sero- and pulsotypes. Only the feed blend based on
the medium-chain fatty acids was able to significantly reduce Salmonella prevalence both on the farm and at the slaughterhouse.
With this combined supplement, the Salmonella reduction in the feces at slaughter age, in cecal contents at slaughter, and the
lymph nodes was 50, 36, and 67%, respectively, compared with the control animals. This promising finding calls for further
investigation including cost-efficiency of this combined feed product and its effect on the animals.

Salmonella enterica subsp. enterica is one of the major
bacterial foodborne pathogens in many industrialized
countries. The European Food Safety Authority and the
European Centre for Disease Prevention and Control (13)
reported 20.4 confirmed cases per 100,000 European Union
(EU) inhabitants in 2012. The most important serotypes of
this S. enterica subspecies are Enteritidis and Typhimurium,
which are mainly associated with the laying hen industry
and pig production, respectively (8). Many efforts have been
made in the last 10 years to reduce Salmonella Enteritidis in
the poultry industry, for example by vaccination programs in
certain EU member states (10). The relative importance of
pork as a source of human salmonellosis has therefore been
increasing in recent years (8). One way to combat
Salmonella in the pork industry is to decrease the number
of pigs that are shedding or carrying Salmonella on the farm,
which would reduce the risk of carcass Salmonella
contamination during slaughter. Antimicrobial agents such
as organic acids that are added to feed or water are often
promising in vitro; however, in vivo studies often yield
* Author for correspondence. Tel: þ3292723089; Fax: þ3292723001;
E-mail: geertrui.rasschaert@ilvo.vlaanderen.be.

conflicting results (24). The present study builds on that of
Michiels et al. (22), in which the effect of six commercial
products (A1 to A6) on Salmonella contamination and
shedding was evaluated in an artificially challenged seeder
model with weaned piglets. The active ingredients were
mainly organic acids such as short-chain fatty acids
(SCFAs), benzoic acid, and medium-chain fatty acids
(MCFAs) and in a few cases also essential oils and other
natural extracts. Two products, supplemented at more than
2.7 g of active ingredients per kg of feed, seemed to reduce
Salmonella shedding and colonization in piglets. Both
products contain SCFAs; one also contains benzoic acid,
and the other also contains an essential oil. The aim of the
present study was to assess the efficacy of three additives
selected from this previous study for reducing Salmonella
contamination in a field study on a closed farm with a high
natural Salmonella prevalence. Results were compared with
those of a control treatment without the additives. The
supplemented and control feed was administered during two
consecutive fattening rounds, and samples were collected for
Salmonella evaluation both on the farm and at the
slaughterhouse where the treated and control pigs were
slaughtered. Salmonella isolates were further characterized
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to determine whether a shift in serotypes or genotypes had
occurred in response to the feed treatments.

MATERIALS AND METHODS

Experimental set up and sampling. The farm had four
identical fattening compartments. One compartment was used for
the control pigs, and the other three were allocated to one of the
three treatments. Each treatment, including the control, was
evaluated during two consecutive rounds of fattening (round 1
and round 2). The repetition of each treatment was carried out in
the same compartment. The study started in August 2011; round 1
finished in January 2012, and round 2 finished in May 2012. The
animals received the control diet or the supplemented feed during
the entire fattening period (from 25 kg of body weight until
slaughter). The control diet consisted of the basal diet, and the
supplemented feeds consisted of the same basal diet supplemented
with one of the three commercial additives. The exact composition
of the commercial products was described by Michiels et al. (22).
Based on the results of this seeder model study and the type of
product, the following supplements were chosen to evaluate in the
field: products A1, A4, and A5þA6. Product A1 contained butyric
acid, and the active ingredients were added at 1.30 kg/ton of feed.
This product was chosen for testing under field conditions based on
the highest reduction in Salmonella counts in the ileocecal lymph
nodes in the seeder model. Product A4 contained salts of formic,
sorbic, acetic, and proprionic acid in free acid form and natural
extracts as active compounds; excluding the natural extracts, the
active compounds were added at 2.92 kg/ton of feed. This product
performed best in the seeder model; it significantly reduced the
amount and duration of Salmonella shedding after challenge.

Products A5 and A6 were combined because both contained
mainly MCFAs but did not reduce Salmonella shedding and
colonization in young piglets in the seeder model when added
separately to the feed, probably because of the low concentrations
in the feed (22). Therefore, we combined the two products at the
doses tested in the seeder experiment, for a final active ingredients
concentration of 3.71 kg/ton (22). This combined supplement A5 þ
A6 consisted of triglycerides with caproic and caprylic acids, the
free acids caproic, capric, caprylic, lauric, and lactic acid, and
coated oregano oil. With the exception of the oregano oil, none of
the other ingredients in the three supplements were coated.
Before the piglets were transferred to the fattening phase and
the supplementation of feed with the organic acids started, the
growing unit was checked for Salmonella by testing samples from
overshoes. During each fattening round, the Salmonella status was
evaluated in feces from animals that were 40 to 50 kg (first fecal
samples, approximately 5 weeks after supplementing the feed), in
feces from animals that were 90 to 100 kg before removal to the
slaughterhouse (second fecal samples), in cecal contents at
slaughter, and in ileocecal lymph nodes at slaughter. At each
sampling event at the farm, approximately 75 fecal samples were
collected (95% confidence interval [CI], error 10%, expected
prevalence 50%). No samples were collected in isolated pens used
to house sick animals. Three fecal samples were collected from
three pigs per pen; the same pigs were not necessarily sampled on
both sampling occasions. From each animal, a fecal sample was
aseptically collected directly from the rectum and stored
individually in a plastic bag. All animals in this study were
slaughtered in the same slaughterhouse. The samples were
collected when the largest number of pigs was slaughtered and
not on the large pigs previously removed. In the slaughterhouse,
animals from the experimental farm were slaughtered upon arrival,
limiting the time between loading at the farm and actual slaughter.
At slaughter, 68 animals were sampled (95% CI, error 10%,
expected prevalence 50%). For each sampled animal, the tissue
including the ileocecal lymph nodes was excised and stored
individually. The cecum of the corresponding animal was tied off
prior to removal and also stored individually. All samples were
processed in the laboratory on the day of collection. In total, 43
pairs of overshoes were collected in the growing unit, 583 fecal
samples were collected 5 weeks after the start of the treatment (first
fecal sample), 580 fecal samples were collected at the end of the
fattening period (second fecal sample), 533 cecal samples were
collected at slaughter, and 545 samples of the lymph nodes were
collected at slaughter.
Bacteriological analysis. In the laboratory, each fecal sample
was thoroughly homogenized using a sterile spatula, and 11 g of
feces was added to 99 ml of buffered peptone water (BPW;
CM509, Oxoid, Basingstoke, UK). After homogenization with a
stomacher, 10 ml of sample was transferred to an empty sterile
tube. This 10-ml subsample and the remaining 100 ml,
corresponding to 1 and 10 g of feces, respectively, were separately
enriched and further processed. This process also was used for the
cecal contents collected in the slaughterhouse after the ceca were
opened aseptically to collect the cecal digesta. Overshoes were
homogenized in 225 ml of BPW. Lymph nodes were aseptically
excised from each carcass and stored at 208C until further
processing. At analysis, the lymph nodes were weighed and diluted
10 times in BPW.
After incubation of the preenrichment medium (BPW) at 378C
for 20 h, 100 ll was plated on the center of modified semisolid
Rappaport-Vassiliadis agar plates supplemented with novobiocin
(CM0910 þ SR0 SR0161, Oxoid). After incubation for 24 to 48 h at
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Description of the farm. A Belgian farm with persistent
Salmonella contamination was selected based on samples taken on
this farm before the start of the study. Samples from all overshoes
worn in the various farm compartments (e.g., farrowing, nursery,
and fattening units) tested positive for Salmonella. The serological
results of the official Salmonella program in Belgium indicated that
the farm had elevated sample-to-positive result (S/P) ratios for
Salmonella in preceding years. The official program guidelines
state that a farm is considered a Salmonella risk when three
consecutive samplings have an S/P value above 0.6. Although this
scenario had not occurred at this farm, the average S/P ratio was
quite high: 0.73 in the 3 years before the beginning of the study
and 0.83 during the study (11). This farrow-to-finish farm, a socalled closed farm, had 280 sows in a 3-week system. Piglets were
weaned at 28 days of age, and each group of piglets remained in
the nursery for approximately 40 days. Almost all piglets were
fattened on the farm, and the surplus animals were sold. Each of
the four identical fattening compartments had a separate entrance
and separate feed silo. Each compartment consisted of 25 pens with
14 pigs, for approximately 350 animals per compartment. The
compartments were filled at different times with pigs weighing
around 25 kg. The fattening phase had a duration of approximately
4.5 months. These pigs were kept on a four-stage feeding schedule,
which included four successive feeds given each appropriate ages.
All feeds were based on cereals, toasted soybeans, soybean meal,
rapeseed meal, wheat by-products, minerals, and vitamins. Around
3 weeks before the end of the cycle, the heaviest pigs were
removed from the pens and sold for slaughter (normally one-third
of the total pigs in the unit). This removal ensured that there was
enough room for the remaining pigs so that all pigs reached the
appropriate slaughter weight. Pigs were fasted overnight before
transport to the slaughterhouse.
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TABLE 1. Salmonella prevalence in feces during the two fattening rounds (n ¼ 75 per additive and round) and in cecal contents and
lymph nodes (n ¼ 68 per additive and round) at slaughter compared with controls
Prevalence (%)b
Feces at the farm
Sample 1

Additivea

Slaughterhouse
Sample 2

Cecal contents

Ileocecal lymph nodes

% of
% of
% of
%
Mean 6 SE (95% CI) control Mean 6 SE (95% CI)c control Mean 6 SE (95% CI) control Mean 6 SE (95% CI) of control

128
89
107

17 6 4.4†
29 6 5.4
23 6 3.5

(10–27)
(20–41)
(17–30)

113
74
88

33 6 5.8 (23–45)
79 6 4.9** (68–87)
58 6 4.8** (48–67)

89
214
161

26 6 5.4** (17–38)
69 6 5.6** (57–79)
47 6 4.7** (38–57)

289
288
313

A4
Round 1
36 6 5.7 (26–48)
Round 2
51 6 5.9* (40–63)
Mean 6 SE 44 6 4.2* (36–52)

144
146
152

19 6 4.7†
35 6 5.6†
27 6 3.7†

(12–30)
(25–46)
(20–34)

127
90
104

60 6 5.9** (48–71)
51 6 6.2 (39–63)
56 6 4.3** (47–64)

162
138
156

10 6 3.7
22 6 5.0
15 6 3.2

111
92
100

A5þA6
Round 1
39 6 5.7 (28–51)
Round 2
33 6 5.6 (23–45)
Mean 6 SE 36 6 4.0 (28–44)

156
94
124

19 6 4.7† (12–30)
7 6 3.1**‡ (3–16)
13 6 2.8**‡ (8–20)

127
18
50

21 6 4.9* (12–30)
26 6 5.5 (17–38)
23 6 3.7* (16–31)

54
70
64

Totald
Round 1
33 6 2.7 (28–38)
Round 2
37 6 2.8 (32–43)
Mean 6 SE 35 6 2.0 (31–39)

18 62.2‡
28 6 2.6†
22 6 1.7†

(14–22)
(23–33)
(19–26)

38 6 3.0
48 6 3.1
43 6 2.1

(32–43)
(43–55)
(39–47)

(5–20)
(14–33)
(10–23)

4 6 2.5 (1–13)
4 6 2.5** (1–13)
4 6 1.8** (2–10)
12 6 2.0
30 6 2.8
21 6 1.8

58
17
33

(9–17)
(25–36)
(18–25)

a

Product A1, butyric acid (active ingredient at 1.3 kg/ton of feed); product A4, a combination of short-chain organic acids (mixture of free
acids and salts) and natural extracts (2.92 kg/ton); product A5þA6, a 1:1 blend of two commercial products consisting of medium-chain
fatty acids, lactic acid, and oregano oil (3.71 kg/ton).
b
Values are estimated marginal means 6 standard error. Asterisks indicate means that are significantly different from those for the control
for experimental treatments: * P , 0.05, ** P , 0.001.
c
Daggers indicate means that are significantly different from those for the first fecal sample collected: † P , 0.05, ‡ P , 0.001.
d
All treatments: control, product A1, product A4, and product A5þA6.
41.58C, a loopful of culture from the edge of the white migration zone
was plated onto xylose lysine deoxycholate agar plates (CM469,
Oxoid). Plates were evaluated for typical Salmonella colonies after
24 h of incubation at 378C. From each plate, one suspect Salmonella
colony was further identified and characterized as described by
Rasschaert et al. (28). A multiplex PCR assay was used to confirm the
Salmonella genus identification and to further identify the Salmonella
Typhimurium isolates (1, 19). All Salmonella isolates belonging to
other serotypes were grouped according to their serotype by
enterobacterial repetitive intergenic consensus PCR (27). At least
two isolates per cluster of identical fingerprints were serotyped at the
Belgian Salmonella reference laboratory according to the WhiteKauffman-LeMinor scheme. An animal was considered to be
colonized with Salmonella when Salmonella was isolated from
either 10 g of feces or 1 g of cecal contents.

Statistical analysis. Data were analyzed using the SPSS
Statistics version 20.0 program for Windows (2010, SPSS Inc.,
IBM, Armonk, NY). Dichotomous variables (presence or absence
of Salmonella in feces, cecal digesta, and ileocecal lymph nodes)
were analyzed using the generalized linear model procedure with
the binary logistic model. The response variable was the
dichotomous variable representing the likelihood of Salmonella
presence. Predictors used were treatment (four), fattening round
(two), sampling time (two), and their interactions for fecal samples;
and treatment (four), fattening round (two), and their interactions
for the samples of cecal digesta and ileocecal lymph nodes.
Interaction terms were omitted when not significant (P . 0.05).
Pig was used as the experimental unit. Data are represented as
estimated marginal means 6 the standard errors.

RESULTS
Molecular typing. A subset of 291 isolates (from feces, cecal
digesta, and ileocecal lymph nodes) were further characterized by
pulsed-field gel electrophoresis with XbaI as the restriction
enzyme. The isolates were chosen to represent the six most
abundant serotypes, the four compartments, all sample types, and
both fattening rounds. The PulseNet protocol (4) was followed.
Fingerprints with one band of difference were considered different
pulsotypes. Each pulsotype was indicated by a number (e.g., 1.1),
in which the first number referred to the serotype and the second
number referred to the pulsotype within that serotype.

Of the 43 pairs of overshoes worn in the growing unit
before the piglets were moved to the fattening compartments,
all were positive for Salmonella. These Salmonella isolates
were not further typed and were not included in the statistical
analysis. In total, 2,241 samples were taken from the fattening
pigs (feces, cecal contents, and ileocecal lymph nodes), and
680 (30.3%) of these samples were positive for Salmonella.
An overview of the percentage of positive samples per
treatment, per round, and per sample type is given in Table 1.
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A1
Round 1
32 6 5.5 (22–44)
Round 2
31 6 5.4 (21–42)
Mean 6 SE 31 6 3.9 (24–39)
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round 2 of treatment with A5þA6 (mainly containing
MCFAs).

DISCUSSION
The potential of organic acids in feed or drinking water
for reducing certain pathogens such as Salmonella in pigs
and poultry has been assessed both in vitro and in vivo (2,
24, 29–31). In most cases, the efficacy of these acids has
been evaluated in vitro, often with promising results, or in
short challenge studies with young animals, often with
conflicting results. Long-term field studies are rather scarce
(2). Organic acids function both outside the animal and in
the animal’s gastrointestinal tract. These acids can decontaminate feed or drinking water by lowering the pH and may
prevent the animal from becoming infected with Salmonella
by lowering the pH of the upper gastrointestinal tract or by
reducing Salmonella colonization in the lower gastrointestinal tract (2, 31). Both SCFAs and MCFAs can have antiSalmonella activity in vitro, but conflicting results have been
obtained concerning the differential effect of chain length (3,
21, 29, 32). Because synergistic effects of various acids and
other components such as essential oils have been observed
in vitro, many commercial products include blends of these
chemicals.
Based on the results of a challenge trial in which several
organic acids were evaluated in a seeder model (22), the aim
of the present study was to evaluate the effect of some of
these organic acids on the Salmonella shedding and
colonization degree of pigs in a field study on a
Salmonella-positive farm. As demonstrated previously,
challenge studies and field studies may have conflicting
results even when the same organic acid mixture is used (5,
20). The present study is one of the first long-term studies to
describe the effect of feed supplemented with organic acids
on the reduction of Salmonella under field conditions. These
kinds of feed additives are already on the market for
supporting general gut health or reducing pathogens such as
Salmonella. Field trials may provide more definitive results;
however, several methodological issues arise. When natural
infection occurs in a pig, Salmonella is excreted at quite low
and variable levels over time. This makes detection by direct
culture and quantification of the shedding difficult. Therefore, isolation of Salmonella from fecal samples is
recommended according ISO 6579 Annex D (17), which
includes two enrichment steps, as performed in the present
study. Direct plating is possible only when high numbers of
Salmonella are expected, as often occurs in challenge studies
in which pigs are challenged with high doses, e.g., 9 log
CFU in the previous seeder model study (22). The detection
limit in that study was 100 CFU/g of feces, which is too high
for a field trial with natural Salmonella colonization. Instead,
we chose to determine the prevalence of Salmonellacolonized animals. On each of two occasions, samples were
collected from approximately 75 animals. Determination of
prevalence also has been used in other intervention studies
(5, 7, 9). In our study design, the pig was the experimental
unit. Based on the total number of animals in each
compartment (350 animals), we calculated that 75 fecal
samples per sampling time should be collected (95% CI,
error 10%, expected prevalence 50%). Three random fecal
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More pigs were shedding Salmonella in the beginning of the
fattening period (mean, 35%) than at the end of the fattening
period (mean, 22%). In each round of slaughtered pigs, the
number of Salmonella-colonized ceca at the slaughterhouse
was consistently higher than the corresponding number of
Salmonella-shedding pigs at slaughter age. On average, 43%
of the tested ceca were Salmonella positive. However, a large
variation was seen, from 21 to 79%. In total, 21% of the
lymph nodes were infected with Salmonella, but a high level
of variation was found between and within the different
treatment groups (4 to 69%).
Only supplement A5þA6, the blend of two commercial
products that contained MCFAs, lactic acid. and oregano
oil, significantly reduced the number of animals shedding
Salmonella at slaughter age at the farm, the number of
animals harboring Salmonella in the cecum at slaughter,
and the number of animals with Salmonella-positive
ileocecal lymph nodes at slaughter in comparison to the
control group (Table 1). In the beginning of the fattening
period, on average 36% of the pigs who received this
product were shedding Salmonella compared with 30% of
the pigs receiving the control diet. At slaughter age, a
significantly lower number of the pigs receiving this blend
were excreting Salmonella (13%, P , 0.001) compared
with 27% of the control animals. The same observation was
made for the results obtained at the slaughterhouse; a
significantly lower number of ceca of the A5þA6 group
were contaminated with Salmonella (23%, P , 0.05)
compared with the ceca collected from the control animals
(36%). The results were even more pronounced for the
lymph nodes, 4% of lymph nodes were infected with
Salmonella compared with 16% of lymph nodes in the
control group (P , 0.001). Compared with the control
animals, Salmonella reduction was 50% in the feces at
slaughter age on the farm, 36% in cecal contents at
slaughter, and 67% in the lymph nodes at slaughter. The
other two feed treatments did not reduce the Salmonella
prevalence and in some cases even increased the prevalence. For example, the number of Salmonella-positive
ceca of the pigs receiving product A1 (butyric acid, 58%)
or product A4 (SCFAs, 56%) was significantly higher than
that of the control pigs (36%; P , 0.001).
The Salmonella serotypes most commonly isolated
were Typhimurium (44.1% of the isolates), Derby (19.5%),
Mbandaka (17%), Livingstone (8.5%), Agona (4.1%), and
Anatum (3.3%). The prevalence of Salmonella Typhimurium decreased often during the fattening period, often in
favor of Salmonella Derby and Salmonella Mbandaka
(Table 2).
The Salmonella isolates of the six most abundant
serotypes were highly diverse. In total, 36 different
Salmonella pulsotypes were obtained (Table 3); 20 for
Typhimurium, 4 for Derby, 5 for Mbandaka, 3 for Livingstone, 2 for Agona, and 2 for Anatum. For each serotype,
one or two pulsotypes dominated throughout the field study
and were found in all four compartments. Thus, no shift in
pulsotypes was seen for pigs fed with supplements versus
the control diet. For Salmonella Typhimurium only, some
pulsotypes (6.3, 6.4, 6.6, and 6.7) were observed only in
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TABLE 2. Distribution of Salmonella serotypes per feed treatment, fattening round, and sample type
% (no.) of isolates with each serotype
Feed
treatmenta

Control

Round

1

2

A1

1

A4

1

2

A5þA6

1

2

Total no.
of isolates
a

Typhimurium

Derby

Feces, sample 1
61.9 (13)
4.8 (1)
Feces, sample 2
33.3 (4)
25 (3)
Cecal contents
33.3 (9)
18.5 (5)
Ileocecal lymph nodes 42.9 (3)
Feces, sample 1
70.4 (19)
Feces, sample 2
38.7 (12)
9.7 (3)
Cecal contents
4.2 (1)
4.2 (1)
Ileocecal lymph nodes 25.0 (4)
Feces, sample 1
62.5 (15)
4.2 (1)
Feces, sample 2
58.3 (7)
Cecal contents
26.1 (6)
21.7 (5)
Ileocecal lymph nodes 61.1 (11)
Feces, sample 1
66.7 (16)
4.2 (1)
Feces, sample 2
28.6 (6)
23.8 (5)
Cecal contents
20.0 (12) 45.0 (27)
Ileocecal lymph nodes
8.5 (4)
68.1 (32)
Feces, sample 1
78.6 (22)
7.1 (2)
Feces, sample 2
71.4 (10) 21.4 (3)
Cecal contents
64.3 (27)
4.8 (2)
Ileocecal lymph nodes 71.4 (5)
Feces, sample 1
42.0 (16) 13.2 (5)
Feces, sample 2
20.0 (5)
48.0 (12)
Cecal contents
21.2 (7)
63.6 (21)
Ileocecal lymph nodes
46.7 (7)
Feces, sample 1
75.9 (22)
3.4 (1)
Feces, sample 2
50 (7)
7.1 (1)
Cecal contents
35.7 (5)
Ileocecal lymph nodes
Feces, sample 1
100.0 (24)
Feces, sample 2
80.0 (4)
Cecal contents
68.4 (13)
Ileocecal lymph nodes 100.0 (3)
312
138

Mbandaka Livingstone Agona

33.3
33.3
48.1
14.3
18.5
29
41.7
31.3
4.2
8.3
4.3

(7)
(4)
(13)
(1)
(5)
(9)
(10)
(5)
(1)
(1)
(1)

25
38.1
11.7
4.3
14.2

(6)
(8)
(7)
(2)
(4)

Anatum Enteritidis Senftenberg Unknown

8.3 (1)
42.9 (3)
7.4
12.9
29.2
25.0

17.4
5.6
4.2
9.5
5.0
8.5

(2) 3.7 (1)
(4) 9.7 (3)
(7) 20.8 (5)
(4) 12.5 (2) 6.3
29.2
16.6 (2) 16.6
(4)
30.4
(1)
11.1
(1)
(2)
(3) 11.7 (7)
(4) 6.4 (3)

(1)
(7)
(2)
(7)
(2)

22.2 (4)

6.7 (4)
4.3 (2)
7.1 (1)

11.9 (5)
28.6 (2)
15.8 (6)
8.0(2)
9.1 (3)
46.7 (7)
20.7 (6)
14.2 (2)
14.3 (2)

19.0 (8)
23.7
12.0
3.0
6.7

(9)
5.3 (2)
(3) 12.0 (3)
(1)
(1)

3.0 (1)

7.1 (1)
35.7 (5) 14.3 (2)
33.3 (1) 33.3 (1) 33.3 (1)

21.4 (3)

20.0 (1)
31.6 (6)
120

60

29

23

1

1

23

Product A1, butyric acid (active ingredient at 1.3 kg/ton of feed); product A4, a combination of short-chain organic acids (mixture of free
acids and salts) and natural extracts (2.92 kg/ton); product A5þA6, a 1:1 blend of two commercial products consisting of medium-chain
fatty acids, lactic acid, and oregano oil (3.71 kg/ton).

samples were collected from each of the 25 pens in each of
the four compartments. Pen was not considered the
experimental unit. This approach is justified by the fact that
piglets from the nursery unit were randomly allocated to the
pens in each compartment. Before transfer to the fattening
unit, Salmonella colonization was confirmed in the nursery
unit. The same Salmonella serotypes and pulsotypes were
found in all finishing units, which indicates common sources
already in the farrowing and nursery units. Thus, piglets
were considered the main source of Salmonella contamination in the fattening unit, and the odds of having a
Salmonella carrier in each pen within each compartment
were considered equal. Therefore, piglet can be considered
the experimental unit, although differences in transmission
of Salmonella within a pen cannot be ruled out.
Cecal and lymph nodes were sampled after slaughter.
Several researchers have reported that contamination with
Salmonella serotypes from the lairage area can be found in

the cecum and lymph nodes after only a couple of hours of
exposure (15, 16). Pigs in our study may have acquired
Salmonella during transport and in the lairage. However, in
the slaughterhouse care was taken that animals from the
experiment were slaughtered immediately upon arrival,
limiting the time between loading at the farm and actual
slaughter. This protocol resulted in only a small number of
Salmonella pulsotypes from cecal and lymph node samples
that were not also found on the farm. In general, a few
dominant pulsotypes were found both on the farm and at
slaughter.
The feed additive with butyric acid as the active
compound (at 1.30 kg/ton) was chosen for field testing based
on the observed Salmonella reduction in the ileocecal lymph
nodes in the challenge study (22). In the present study, this
product had no effect on Salmonella contamination of the
ileocecal lymph nodes nor on Salmonella excretion. In the
transmission study of De Ridder et al. (9), feed supplement-
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TABLE 3. Distribution of the pulsotypes per feed treatment, fattening round, sample type, and serotypea
Feed treatment

Control

Sample type

Typhimurium

1

Feces, sample 1
Feces, sample 2
Cecal contents
Lymph nodes
Feces, sample 1
Feces, sample 2
Cecal contents
Lymph nodes
Feces, sample 1
Feces, sample 2
Cecal contents
Lymph nodes
Feces, sample 1
Feces, sample 2
Cecal contents
Lymph nodes
Feces, sample 1
Feces, sample 2
Cecal contents
Lymph nodes
Feces, sample 1
Feces, sample 2
Cecal contents
Lymph nodes
Feces, sample 1
Feces, sample 2
Cecal contents
Lymph nodes
Feces, sample 1
Feces, sample 2
Cecal contents
Lymph nodes

6.5, 6.8, 6.13
6.8
6.2, 6.8, 6.11, 6.13
6.2, 6.13
6.8, 6.9, 6.21
6.8, 6.9
6.8
6.12, 6.16
6.1, 6.9, 6.11, 6.16
6.9, 6.15
6.9
6.8, 6.9
6.8, 6.9
6.8, 6.9
6.9, 6.19
6.9, 6.17
6.8, 6.9
6.8, 6.9, 6.16
6.8, 6.9
6.8, 6.9
6.9
6.9
6.9, 6.18

2

A1

1

2

A4

1

2

A5þA6

1

2

Total no. of pulsotypes
a

6.8, 6.9, 6.11, 6.16
6.14, 6.22
6.8, 6.16
6.9
6.6
6.3, 6.4, 6.6
6.2, 6.7
20

Mbandaka

Derby

5.1
5.1
5.1

3.2
3.2, 3.3
3.2, 3.4

5.1, 5.4
5.1

3.2

5.3
5.1

3.2

5.1

3.1
3.3
3.2
3.2
3.2, 3.3
3.2

5.1

3.2
3.2

5.1
5.1

5.1,
5.1
5.1
5.1,
5.1,
5.1
5.1,

5.4

5.5
5.4

3.1
3.1
3.2
3.2
3.2
3.2

5.2

Livingstone

Agona

Anatum

4.1
4.1
4.1
4.1, 4.3
4.1, 4.2
4.1, 4.2

1.1
1.1
1.1

4.1
4.1
4.1

1.2

4.1
4.1
4.1
4.1

2.1
2.1
2.1
2.1, 2.2
2.1

1.1
1.1

4.1, 4.2
4.2
4.2
4.1
4.1
4.1

2.1
1.1

2.2
4.1, 4.3
4.1

1.1
1.1

2.1

3

2

2

5.1

5

4

Predominant pulsotypes are indicated in bold.

ed with coated calcium butyrate (ca. 2 kg/ton of feed)
significantly reduced the number of pigs excreting Salmonella and the number of Salmonella-contaminated postmortem samples compared with the control group. The
transmission of Salmonella between pigs also was lower in
the treatment group than in the control group. In the present
study, the commercial calcium butyrate product was not
coated. Boyen et al. (3) found that coated butyric acid
decreased the levels of fecal shedding and intestinal
colonization in Salmonella-infected piglets, whereas uncoated butyric acid had no effect. As recommended previously
(3), supplemented fatty acids should be coated to be able to
reach the lower gastrointestinal tract instead of being
metabolized by the microbiota in upper gastrointestinal tract
and absorbed by epithelial cells.
Product A4 contained formic acid, acetic acid, proprionic acid, and sorbic acid and natural extracts as active
compounds, with a total organic acid concentration of 2.92
kg/ton (as measured by Michiels et al. (22)). This additive
performed the best in the seeder model; it significantly
reduced the amount and duration of Salmonella shedding
after challenge. However, in the present study this product
had no impact on Salmonella shedding. This result could be

strain dependent; in the seeder model study the animals were
challenged with only one well-defined Salmonella Typhimurium strain (MB2486), whereas in the present field trial
each sampling occasion revealed that the pigs were naturally
colonized with several serotypes and pulsotypes. Different
serotypes and/or strains may differ in their susceptibility to
the effects of organic acids. Strains also can become resistant
to organic acids over time. For example, on a poultry farm a
persistent Salmonella Paratyphi B var. Java strain became
more resistant to SCFAs during long-term treatment of the
drinking water (26). The farm in the present study has a
known Salmonella history, and certain strains may have
been circulating on this farm for a long time. De Busser et al.
(7) found that acidification of the drinking water with a
commercial blend containing formic acid, propionic acid,
acetic acid, and sorbic acid at 0.25 to 0.4% on four farms
with naturally infected animals had no significant effect on
the shedding and prevalence of Salmonella in the pigs at
slaughter. However, these animals were given this drinking
water additive only during the last 2 weeks of the fattening
period, which could explain the limited effect. Another
explanation for the limited effect could be the low
concentration of active ingredients. Creus et al. (5) found
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lymph nodes in pigs at slaughter. Although this finding is
promising, further investigation is needed, such as the costefficiency of this combined feed product and the effect on
the animals (e.g., feed conversion). The studied farm had a
very high Salmonella prevalence and a high number of
serotypes and pulsotypes. This type of study should be
repeated on other farms with lower Salmonella prevalence to
determine whether the other feed treatments could affect the
Salmonella prevalence under these conditions.
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that feed containing relatively high concentrations of organic
acids (0.8 to 1.2% lactic and formic acid) successfully
reduced Salmonella prevalence in fattening pigs.
The anti-Salmonella activity of MCFAs has been
reported in several in vitro trials (3, 21, 29). However, in
the challenge seeder model study (22), the feed treatments
based on MCFAs did not reduce Salmonella shedding and
colonization. Because other in vivo trials for the reduction of
Salmonella in pigs are lacking, the MCFA blends were
tested in the field but at a higher concentrations in the feed.
The two MCFA feed products were mixed 1:1, resulting in a
blend with an organic acid dosage of 3.71 kg/ton. This
combined feed product significantly reduced Salmonella
prevalence in finishing pigs; both the Salmonella excretion
rate at slaughter age on the farm and the Salmonella
contamination rate at the slaughterhouse were reduced. The
higher concentration of active ingredients in this combination supplement compared with other commercial products
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Salmonella Derby was almost completely absent and
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especially during the round 2, and some Salmonella
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also have occurred on the farm in the present study as
suggested by the fact that the same serotypes and pulsotypes
were found in all finishing units, which indicates common
sources in the farrowing and nursery unit or the outside
environment rather than in all finishing units separately.
In conclusion, only one feed product with an elevated
concentration of MCFAs (3.71 kg/ton) had a significant
influence on Salmonella shedding in slaughter age pigs on
the farm and on the Salmonella prevalence in ceca and
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McKean. 2008. Feeding management practices and feed characteristics associated with Salmonella prevalence in live and slaughtered
market-weight finisher swine: a systematic review and summation of
evidence from 1950 to 2005. Prev. Vet. Med. 87:213–228.
Pires, A. F. A., J. A. Funk, and C. A. Bolin. 2013. Longitudinal study
of Salmonella shedding in naturally infected finishing pigs.
Epidemiol. Infect. 141:1928–1936.
Rasschaert, G., L. Herman, W. Messens, L. De Zutter, and M.
Heyndrickx. 2007. Molecular epidemiology of Salmonella and
Campylobacter contamination during poultry production, p. 58–76.
In: C. Van Peteghem, S. De Saeger, and E. Daeseleire (ed.), SPSD II.
Platform for scientific concertation: food safety. Towards a safer food
supply in Europe. Belgian Science Policy, Brussels. Available at:
http://www.belspo.be/belspo/organisation/publ/pub_ostc/OA/rOA22_
en.pdf. Accessed 21 August 2015.
Rasschaert, G., K. Houf, H. Imberechts, K. Grijspeerdt, L. De Zutter,
and M. Heyndrickx. 2005. Comparison of five repetitive-sequence
based PCR typing methods for molecular discrimination of
Salmonella enterica isolates. J. Clin. Microbiol. 43:3615–3623.
Rasschaert, G., J. Michiels, D. Arijs, C. Wildemauwe, S. De Smet,
and M. Heyndrickx. 2012. Effect of farm type on within-herd
Salmonella prevalence, serovar distribution, and antimicrobial
resistance. J. Food Prot. 75:859–866.
Sprong, R. C., M. F. E. Hulstein, and R. Van der Meer. 2001.
Bactericidal activities of milk lipids. Antimicrob. Agents Chemother.
45:1298–1301.
Van Immerseel, F., J. B. Russell, M. D. Flythe, I. Gantois, L.
Timbermont, F. Pasmans, F. Haesebrouck, and R. Ducatelle. 2006.
The use of organic acids to combat Salmonella in poultry: a
mechanistic explanation of the efficacy. Avian Pathol. 35:182–188.
Wales, A. D., V. M. Allen, and R. H. Davues. 2010. Chemical
treatment of animal feed and water for the control of Salmonella.
Foodborne Pathog. Dis. 7:3–15.
Zentek, J., S. Buchheit-Renko, F. Ferrara, W. Vahjen, A. G. Van
Kessel, and R. Pieper. 2011. Nutritional and physiological role of
medium-chain triglycerides and medium-chain fatty acids in piglets.
Anim. Health Res. Rev. 12:83–93.

Downloaded from http://meridian.allenpress.com/jfp/article-pdf/79/1/51/1688275/0362-028x_jfp-15-183.pdf by guest on 17 January 2021

13. European Food Safety Authority and European Centre for Disease
Prevention and Control. 2015. The European Union summary report
on trends and sources of zoonoses, zoonotic agents and food-borne
outbreaks in 2013. EFSA J. 13:3991.
14. Funk, J. A., P. R. Davies, and M. A. Nichols. 2001. Longitudinal
study of Salmonella enterica in growing pigs reared in multiple-site
swine production systems. Vet. Microbiol. 83:45–60.
15. Hurd, H. S., J. K. Gailey, J. D. McKean, and M. H. Rostagno. 2001.
Rapid infection in market-weight swine following exposure to a
Salmonella Typhimurium–contaminated environment. Am. J. Vet.
Res. 62:1194–1197.
16. Hurd, H. S., J. D. McKean, R. W. Griffith, I. V. Wesley, and M. H.
Rostagno. 2002. Salmonella enterica infections in market swine with
and without transport and holding. Appl. Environ. Microbiol.
68:2376–2381.
17. International Organization for Standardization. 2007. Annex D:
detection of Salmonella spp. in animal feces and in environmental
samples from the primary production stage. ISO 6579:2002/Amd
1:2007. International Organization for Standardization, Geneva.
18. Kranker, S., L. Alban, J. Boes, and J. Dahl. 2003. Longitudinal study
of Salmonella enterica serotype Typhimurium infection in three
Danish farrow-to-finish swine herds. J. Clin. Microbiol. 41:2282–
2288.
19. Lin, J. S., and H. Y. Tsen. 1999. Development and use of polymerase
chain reaction for the specific detection of Salmonella Typhimurium
in stool and food samples. J. Food Prot. 62:1103–1110.
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