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Abstract
Background: Animal feed as a source of infection to food producing animals is much debated. In
order to increase our present knowledge about possible feed transmission it is important to know
that the present isolation methods for Salmonella are reliable also for feed materials.

In a comparative study the ability of the standard method used for isolation of Salmonella in feed in
the Nordic countries, the NMKL71 method (Nordic Committee on Food Analysis) was compared
to the Modified Semisolid Rappaport Vassiliadis method (MSRV) and the international standard
method (EN ISO 6579:2002). Five different feed materials were investigated, namely wheat grain,
soybean meal, rape seed meal, palm kernel meal, pellets of pig feed and also scrapings from a feed
mill elevator. Four different levels of the Salmonella serotypes S. Typhimurium, S. Cubana and S.
Yoruba were added to each feed material, respectively. For all methods pre-enrichment in Buffered
Peptone Water (BPW) were carried out followed by enrichments in the different selective media
and finally plating on selective agar media.

Results: The results obtained with all three methods showed no differences in detection levels,
with an accuracy and sensitivity of 65% and 56%, respectively. However, Müller-Kauffmann
tetrathionate-novobiocin broth (MKTTn), performed less well due to many false-negative results
on Brilliant Green agar (BGA) plates. Compared to other feed materials palm kernel meal showed
a higher detection level with all serotypes and methods tested.

Conclusion: The results of this study showed that the accuracy, sensitivity and specificity of the
investigated cultural methods were equivalent. However, the detection levels for different feed and
feed ingredients varied considerably.

Background
Salmonella enterica contamination of foodstuffs is a con-
siderable human health problem with more than 170 000
human cases reported in the EU in 2005[1]. It is well
known that Salmonella contamination of animal feed can
be disseminated to food producing animals and further
down the food chain, causing big economic losses and

most importantly be a threat to animal and public health
[2,3]. The presence of Salmonella in animal feed and feed
ingredients is not unusual [1] and cases of human ill-
nesses have been reported where the source of infection
were found to be contaminated animal feed [4]. Investiga-
tions by the US Food and Drug Administration (FDA)
showed that protein-based animal feed are frequently

Published: 3 February 2009

BMC Veterinary Research 2009, 5:6 doi:10.1186/1746-6148-5-6

Received: 9 September 2008
Accepted: 3 February 2009

This article is available from: http://www.biomedcentral.com/1746-6148/5/6

© 2009 Koyuncu and Haggblom; licensee BioMed Central Ltd. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
Page 1 of 10
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19192298
http://www.biomedcentral.com/1746-6148/5/6
http://creativecommons.org/licenses/by/2.0
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/about/charter/


BMC Veterinary Research 2009, 5:6 http://www.biomedcentral.com/1746-6148/5/6
contaminated with Salmonella enterica [2]. A major out-
break of human salmonellosis in the United States,
United Kingdom, Israel and the Netherlands back in
1970, caused by the, at the time, uncommon serotype S.
Agona, was traced back to Peruvian fish meal used as an
ingredient in the feed manufacturing [2]. Since then S.
Agona has caused considerable human illness every year
in United States [5]. In a study by Davies et al. [6], a strong
link between Salmonella contamination in feed mills and
infections in chickens that received feed from the contam-
inated feed mills could be established. Sauli et al. [7]
pointed out that contaminated animal feed is a significant
source of infections in pigs. In 2003, an outbreak of S.
Cubana in Sweden occurred in a large number of pig
farms where the source of infection was traced back to a
feed mill that produced pelleted pig feed, indicating the
potential effects of feed contamination for further dissem-
ination of Salmonella in the food chain [8]. It was found
that the source of infection was a contaminated cooler for
the pelleted feed where multiplication of Salmonella
occurred in the humid and warm coatings inside the
cooler.

Salmonella control of food producing animals has a long
history in Sweden and started already in the late 1950s
[9]. The present Swedish control program for feed, based
on hazard analysis of critical control point (HACCP) prin-
cipals in the feed mills, was initiated in 1991 by the feed
industry [10,11]. Scrapings and dust samples from critical
control points (CCPs) in the processing line are analysed
for Salmonella on a weekly basis giving a rapid alert if Sal-
monella is detected. Imported feed raw materials are sam-
pled for salmonella according to a sampling programme
and must remain in quarantine until the analytical results
are completed. Salmonella positive ingredients are treated
with organic acids and re-tested for Salmonella before they
can be used in the feed manufacturing.

The reported prevalence of Salmonella in different feed
materials varies considerably between different countries
which is most likely due to differences in the sampling
and isolation methods used [1]. As pointed out by Gard-
ner [12], lack of comparability may induce bias in the risk
estimates if the results from different studies are treated as
if the tests and sampling schemes were the same. Animal
feed and feed raw materials are usually dry products with
a low water activity and the Salmonella cells present are
strongly dehydrated. For that reason isolation methods
for Salmonella in feed must be able to regenerate the mul-
tiplication of dehydrated and stressed bacterial cells. Geue
and Schluter [13] showed that five-fold fractional enrich-
ment of feed and faeces samples resulted in an increased
number of Salmonella isolations. Validation studies of iso-
lation methods are mainly focused on food and only very
few feed materials are usually included in the studies. In a

study by Salomonsson et al. [14] the levels of competing
microflora in different feed materials including scrapings
were found in the range of 102–107/g.

Animal feed are produced in large quantities, usually as
bulk materials in a batch wise production in feed mills.
The numbers of Salmonella cells in feed are usually low
and their distribution may not be even. According to
Maciorowski et al. [3] it is crucial to give injured and
stressed Salmonella cells a chance to recover and multiply
in the enrichment in order to successfully isolate Salmo-
nella from animal feed.

The international standard method for detection of Salmo-
nella, EN ISO 6579:2002, consists of non-selective pre-
enrichment in Buffered Peptone Water (BPW), selective
enrichment in Rappaport-Vassiliadis with soy broth (RVS)
and Müller-Kauffmann tetrathionate-novobiocin broth
(MKTTn), plating on the selective solid medium Xylose
Lysine Deoxycholat agar (XLD) and a second selective
solid medium such as Brilliant Green agar (BGA) and a
final serological and biochemical confirmation [15].

The same procedure, without the MKTTn step, is used in
the NMKL71 method, which is the standard method for
Salmonella detection in the Nordic countries for food but
also for feed [16].

The Modified Semisolid Rappaport Vassiliadis (MSRV)
method, Draft Annex D of EN ISO 6579:2002 [17] is
based on migration of motile Salmonella through the
selective medium [18]. It has been shown in several stud-
ies of naturally infected or artificially contaminated food
or faecal samples that MSRV is, in most cases, more sensi-
tive than the standard methods [18-21]. However, there
are also studies showing that MSRV is less sensitive com-
pared to other enrichment media [19,22]. In the recent
EFSA report about microbial risks in feedingstuffs it is rec-
ommended that MSRV or alternative methods should be
validated also for use in feed [23].

The standard cultural methods are primarily developed
for food materials and only very few feed materials have
been included in the validations studies. For a bibliogra-
phy of isolation methods for foodborne Salmonella see
Schonenbrucher et al. [24]. Despite this, methods devel-
oped for food are the standard methods used for most
feed materials. The levels of Salmonella in feed are usually
low and an estimate of accuracy based on high spiking lev-
els is thus not relevant [25] and it is important to validate
the methods at realistic levels before they are adopted as
official standard methods for feed.

The aim of the present study was to evaluate the NMKL71,
MSRV and the EN ISO 6579:2002 methods in terms of
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their relative ability to detect low levels of Salmonella in
artificially contaminated feed and feed ingredients and
also to investigate the accuracy, sensitivity and specificity
of respective method. To our knowledge, no such compar-
isons have so far been performed with feed materials. It
was also of interest to find out if there were any differences

in detection levels of some serotypes often found in feed
materials.

Results
In Figure 1 a flow-chart diagram of the different steps of
respective method are presented. For all methods 3–4
days are required for isolation of Salmonella. The aw of the

Flow chart diagram for isolation of Salmonella with the NMKL71 (RVS), MSRV or EN ISO 6579:2002 methods (RVS + MKTTn)Figure 1
Flow chart diagram for isolation of Salmonella with the NMKL71 (RVS), MSRV or EN ISO 6579:2002 methods 
(RVS + MKTTn). (see methods).
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feed materials used in the study were < 0.66 before spiking
and after spiking < 0.68. All non-spiked feed materials
were negative for Salmonella with the NMKL71 method,
which was also later confirmed by the EN ISO 6579:2002
and MSRV methods.

All three methods compared in the present study man-
aged to detect Salmonella with an average accuracy and
sensitivity of 65% or 56% respectively, with only very
small differences between the methods (Table 1). Selec-
tive enrichment in RVS, MRSV or in MKTTn resulted in
identical detection levels on XLD medium. The different
serotypes added were detected at similar detection levels
for all methods (Table 2, 3, 4). In rape seed meal, the sero-
types were detected at the spiking level of 1–10 cfu/25 g
while for palm kernel meal the detection level was
between 10-103 cfu/25 g. For wheat grain and scrapings
the detection levels of the serotypes were between 1–103

cfu/25 g materials. The detection levels for the different
feed materials are summarized in Table 5.

The sensitivity and specificity for the methods at different
spiking levels are summarized in Table 6. No false posi-
tives were recorded, indicating a specificity of > 97% for
each of the methods. Since the detection level in palm ker-
nel meal was markedly different this feed material was
excluded from Table 6. For palm kernel meal the sensitiv-
ity at spiking levels 10–100 cfu and 100–1000 cfu was in
the range 14–57% for all three methods. At the level
1000–10000 cfu the sensitivity was in the range 60–100%
for all three methods. The wide confidence intervals are
due to the small sample size.

The detection level was slightly different in each feed type
and the lowest spiking level of 0–1 cfu/25 g did not gen-
erate any Salmonella positive samples with any of the sero-
types (Tables 2, 3, 4). One XLD plate from MKTTn was

positive at 10-102 cfu/25 g for wheat spiked with S.
Yoruba that was not detected by the other selective media.
MKTTn failed to detect Salmonella in two out of five repli-
cates at 10-102 cfu/25 g for rape seed meal spiked with S.
Yoruba.

The RVS in comparison with the MKTTn medium pro-
duced fewer false negative isolates on BGA plates (Tables
2, 3, 4). The XLD and BGA plates were more contaminated
with competing microflora from the enrichment in
MKTTn broth than from the RVS broth. The intrinsic flora
was more abundant on XLD and BGA plates from scrap-
ings compared to other feed materials tested and selective
enrichment of scrapings in MKTTn, plated on BGA plates,
did not generate any typical Salmonella colonies in any
experiment.

On the MSRV plates no additional positive results, after
incubation for another 24 h, was observed. The XLD and
BGA plates plated from MSRV contained considerably less
intrinsic flora compared to plates from MKTTn or RVS
broth. Serological agglutination of isolated colonies con-
firmed the presence of added serotypes.

The average pH values of the different feed and feed ingre-
dients, measured after the pre-enrichment, are shown in
Table 7. The pH values were between 4.9 and 6.5 with
rape seed meal showing the lowest and wheat grain the
highest value.

Discussion
The objective of the present study was to investigate the
relative performance of common cultural methods for Sal-
monella in animal feed and feed ingredients using artifi-
cially contaminated samples. By stressing the Salmonella
bacteria before isolation attempts were made to simulate
the more natural conditions prevailing in feed materials.
Because of the low levels of Salmonella potentially present
in animal feed, low levels of Salmonella were added to the
feed samples and for that reason the calculated accuracy
and sensitivity data are lower than reported in other stud-
ies [20].

The volume of the bacterial cultures added to the respec-
tive feed material did not generate any significant change
of the aw, clearly indicating that available moisture did not
allow any bacterial growth before the BPW was added. Sal-
monella was not detected in any of the non-spiked samples
by any method and serotyping of isolated strains verified
that no other than the added Salmonella serotypes were
present in the feed materials.

The detection levels observed with MSRV, MKTTn or RVS
were similar with the feed materials tested. However, the
detection levels varied for the different feed and feed

Table 1: Performance of NMKL71, MSRV and EN ISO 6579:2002 
in feed materials.

NMKL71 MSRV EN ISO 6579:2002

TP* 190 190 191
TN* 85 85 85
FP* 0 0 0
FN* 150 150 149

AC** 0.65 0.65 0.65
SE** 0.56 0.56 0.56
SP** 1 1 1

*TP = True positives, TN = True negatives, FP = False positives, FN = 
False negatives.
**AC = Accuracy, SE = Sensitivity, SP = Specificity (As described in 
materials and methods).
Positive or negative results were biochemically and serologically 
confirmed and shown as total numbers for each method.
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ingredients investigated and for palm kernel meal it was
higher for all serotypes compared to the other feed mate-
rials tested. At the lowest spiking level, stochastic events
will result in an uneven distribution of cells between indi-
vidual samples, and it is possible that some samples con-
tained no or only few cells. This fact may have contributed
to the low sensitivity observed at these spiking levels. The
reasons why low levels of Salmonella are not detected in
palm kernel meal is presently unknown. However, the
most likely explanation might be poor growth of Salmo-
nella during the enrichment in the presence of palm kernel
meal. The higher detection levels in palm kernel meal
might leave Salmonella positive consignments undetected
when screening of feed ingredients are carried out.

According to several studies, a low pH value during the
pre-enrichment might affect the viability of Salmonella
bacteria [19,26] and according to the EN ISO 6579:2002
method the pH value should stay above 4.5. In the present
study the lowest pH-value was detected for rape seed meal
(4.9). For palm kernel meal, with the highest detection
level of Salmonella, the pH-value was 6.0, indicating no

correlation between a low pH value and a low isolation
rate. Other factors that might affect the re-isolation of Sal-
monella could be the presence of potential growth inhibi-
tors in the feed materials or competing bacterial flora.

Positive BGA plates were more difficult to interpret when
inoculated from MKTTn, most likely because of high lev-
els of competing microflora and few characteristic Salmo-
nella colonies. D'Aoust [27] showed that members of
Citrobacter, Enterobacter, Escherichia and Proteus could be
resistant to tetrathionate, resulting in reduced selectivity
for the MKTTn broth.

Salomonsson et al. [14] showed that wheat and scrapings
contained high numbers of aerobic microorganisms and
also Escherichia coli. According to Van Schothorst and
Renaud [28] a high level of intrinsic flora in the sample,
after enrichment, may reduce isolation of Salmonella bac-
teria on BGA. A comparison between XLD plates and
BGA-plates showed that XLD is superior to BGA, due to
higher selectivity [22,29], which is in agreement with the
results in the present study. Re-incubation of MSRV plates

Table 2: Detection of Salmonella Typhimurium in artificially contaminated animal feeds by the NMKL71 (RVS), MSRV and EN ISO 
6579:2002 methods (RVS + MKTTn).

Feed type Selective medium cfu/25 g of Salmonella Typhimurium

0 0–1 1–10 10-102 102–103 103–104

Pellets of pig feed RVS 0/5 0/5 0/5 5/5 5/5 -*
MSRV 0/5 0/5 0/5 5/5 5/5 -
MKTTn 0/5 0/5 0/5 5/5 5/5 -

Soybean meal RVS 0/5 0/5 5/5 5/5 5/5 -
MSRV 0/5 0/5 5/5 5/5 5/5 -
MKTTn 0/5 0/5 5/5 5/5 5/5 -

Palm kernel meal RVS 0/5 - 0/5 0/5 5/5 5/5
MSRV 0/5 - 0/5 0/5 5/5 5/5
MKTTn 0/5 - 0/5 0/5 5/5 5/5

Rape seed meal RVS 0/5 0/5 5/5 5/5 5/5 -
MSRV 0/5 0/5 5/5 5/5 5/5 -
MKTTn 0/5 0/5 5/5d 5/5d 5/5 -

Wheat grain RVS 0/5 0/5 5/5 5/5 5/5 -
MSRV 0/5 0/5 5/5 5/5 5/5 -
MKTTn 0/5 0/5 5/5 5/5c 5/5b -

Scrapings from feed mill RVS 0/5 0/5 0/5 5/5 5/5a -
MSRV 0/5 0/5 0/5 5/5 5/5 -
MKTTn 0/5 0/5 0/5 5/5d 5/5d -

* Not tested.
a = One negative BGA plate.
b = Two negative BGA plates.
c = Three negative BGA plates.
d = Five negative BGA plates.
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for an additional 24 h did not increase the number of pos-
itive samples and an uneven halo was typically observed,
not representing growth of Salmonella.

The cultural methods compared in this study are primarily
developed to detect Salmonella in different food samples
and since the level of intrinsic flora is usually high in ani-
mal feed [14] the isolation of Salmonella from feed might
be affected. Another drawback is that the cultural methods
are time consuming which might delay possible control
measures. MSRV is unable to detect non-motile Salmonella
bacteria, that represent < 1.0% of the isolates from animal
feeds [30]. However, this study shows that selective
enrichment on MSRV results in lower level of competing
flora on the XLD and BGA plates then does enrichment in
other media.

Conclusion
In conclusion, the cultural methods in the present study
were shown to be surprisingly equivalent in terms of accu-
racy, sensitivity and specificity for different feed materials
and serotypes, respectively. An interesting observation

was the differences in detection levels between different
feed and feed ingredients.

Methods
NMKL71:5, the international standard method EN ISO
6579:2002 and the Draft Annex D of EN ISO 6579:2002,
using the MSRV as a selective enrichment medium, were
compared, in relation to their accuracy, specificity and
sensitivity for different feed ingredients and feed materi-
als.

Feed materials
Four feed ingredients (wheat grain, soybean meal, rape
seed meal, palm kernel meal), finished feed (pellets of pig
feed) and scrapings from elevator were collected from a
Swedish feed mill and stored at 4–8°C until used. A rep-
resentative sample of all feed materials were analysed with
the NMKL71 method before the experiments started. For
each feed material the pH value was measured in the buff-
ered peptone water (BPW) (Oxoid CM 0509, Basingstoke,
England) after the pre-enrichment. The water activity (aw)
of the feed and feed ingredients was determined at ambi-

Table 3: Detection of Salmonella Cubana in artificially contaminated animal feeds by the NMKL71 (RVS), MSRV and EN ISO 6579:2002 
methods (RVS + MKTTn).

Feed type Selective medium cfu/25 g of Salmonella Cubana

0 0–1 1–10 10-102 102–103

Pellets of pig feed RVS 0/5 0/5 0/5 5/5 5/5
MSRV 0/5 0/5 0/5 5/5 5/5
MKTTn 0/5 0/5 0/5 5/5d 5/5

Soybean meal RVS 0/5 0/5 0/5 5/5 5/5
MSRV 0/5 0/5 0/5 5/5 5/5
MKTTn 0/5 0/5 0/5 5/5a 5/5

Palm kernel meal RVS 0/5 0/5 0/5 5/5 5/5
MSRV 0/5 0/5 0/5 5/5 5/5
MKTTn 0/5 0/5 0/5 5/5b 5/5

Rape seed meal RVS 0/5 0/5 5/5 5/5 5/5
MSRV 0/5 0/5 5/5 5/5 5/5
MKTTn 0/5 0/5 5/5d 5/5e 5/5e

Wheat grain RVS 0/5 0/5 0/5 5/5 5/5
MSRV 0/5 0/5 0/5 5/5 5/5
MKTTn 0/5 0/5 0/5 5/5 5/5

Scrapings from feed mill RVS 0/5 0/5 5/5d 5/5c 5/5a

MSRV 0/5 0/5 5/5 5/5 5/5
MKTTn 0/5 0/5 5/5e 5/5e 5/5e

a = One negative BGA plate.
b = Two negative BGA plates.
c = Three negative BGA plates.
d = Four negative BGA plates.
e = Five negative BGA plates.
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ent temperature before and after addition of bacterial cul-
ture. AquaLab Series 3 analyzer (ADAB Analytical Devices
AB, Stockholm) was used according to the manufacturer's
instructions.

Salmonella strains
Salmonella enterica ssp. enterica serotype Typhimurium
ST115506 (S. Typhimurium), S. Cubana ST58403 and S.

Yoruba ST45506 (from the culture collection at the
National Veterinary Institute, Sweden), all isolated from
animal feed, were used in the experiments. The strains
were stored at -70°C and were cultured on brom-cresol-
purpure-lactose agar plates (blue-agar) (Oxoid). On day
1, one colony from the plate was inoculated in 5 ml serum

Table 4: Detection of Salmonella Yoruba in artificially contaminated animal feeds by the NMKL71 (RVS), MSRV and EN ISO 6579:2002 
methods (RVS + MKTTn).

Feed type Selective medium cfu/25 g of Salmonella Yoruba

0 0–1 1–10 10-102 102–103

Pellets of pig feed RVS 0/5 0/5 0/5 5/5 5/5
MSRV 0/5 0/5 0/5 5/5 5/5
MKTTn 0/5 0/5 0/5 5/5 5/5

Soybean meal RVS 0/5 0/5 5/5 5/5 5/5
MSRV 0/5 0/5 5/5 5/5 5/5
MKTTn 0/5 0/5 5/5 5/5 5/5

Palm kernel meal RVS 0/5 0/5 0/5 0/5 5/5
MSRV 0/5 0/5 0/5 0/5 5/5
MKTTn 0/5 0/5 0/5 0/5 5/5b

Rape seed meal RVS 0/5 0/5 5/5 5/5 5/5
MSRV 0/5 0/5 5/5 5/5 5/5
MKTTn 0/5 0/5 5/5d 3/5c 5/5c

Wheat grain RVS 0/5 0/5 0/5 0/5 5/5
MSRV 0/5 0/5 0/5 0/5 5/5
MKTTn 0/5 0/5 0/5 1/5a 5/5

Scrapings from feed mill RVS 0/5 0/5 0/5 0/5 5/5
MSRV 0/5 0/5 0/5 0/5 5/5a

MKTTn 0/5 0/5 0/5 0/5 5/5e

a = One negative BGA plate.
b = Two negative BGA plates.
c = Three negative BGA plates.
d = One BGA and one XLD plate negative.
e = Five negative BGA plates.

Table 5: Detection levels obtained with NMKL71, MSRV and EN 
ISO 6579:2002 for different feed materials and Salmonella 
serotypes (cfu/25 g).

S. Typhimurium S. Cubana S. Yoruba

Pellets of pig feed 10-102 10-102 10-102

Soybean meal 1–10 10-102 1–10
Palm kernel meal 102–103 10-102 102–103

Rape seed meal 1–10 1–10 1–10
Wheat grain 1–10 10-102 102–103 *
Scrapings from feed mill 10-102 1–10 102–103

*One XLD plate plated from MKTTn at 10-102 cfu/25 g was detected 
positive.

Table 6: Sensitivity and specificity of the NMKL71 (RVS), MSRV 
and EN ISO 6579:2002 (RVS + MKTTn) methods at different 
spiking levels of Salmonella.

Selective medium Specificity (%) Sensitivity (%)

cfu/25 g of Salmonella

0 0–1 1–10 10-102 102–103

RVS > 97 < 4 36–58 78–93 > 96
MSRV > 97 < 4 36–58 78–93 > 96
MKTTn > 97 < 4 36–58 76–92 > 96

The reported range defines a 95% confidence interval for the 
sensitivity and specificity respectively. Palm kernel meal was excluded 
from the calculation.
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broth (National Veterinary Institute, Sweden) and incu-
bated at 37°C for 18–24 h. Ten-fold dilution series in pep-
tone saline water were made on day 2. The number of cfu
in the peptone saline water (PSW) was determined by
plating out 0.1 ml from selected dilutions on blue-agar
plates, which were incubated at 37°C overnight. In order
to simulate more natural conditions, where Salmonella
might be stressed, the bacterial cells were kept at 4–8°C in
PSW for two days and then re-counted before the experi-
ments were carried out.

Sample preparation and pre-enrichment
The NMKL71, MSRV and the EN ISO 6579:2002 methods
were run in parallel and in each experiment one Salmo-
nella serotype, three feed materials and a non-spiked sam-
ple of each feed were included. Twenty-five grams of each
feed material was weighed into a plastic jar and spiked
with 0–1, 1–10, 10-102 or 102–103 cfu, except for the palm
kernel meal spiked with S. Typhimurium, which received
ten times higher levels (1–10, 10-102, 102–103 or 103–104

cfu/25 g). The volumes used for spiking were approx. 370
μl/25 g. The samples were left in room temperature for 4
h before 225 g of BPW was added, followed by incubation
at 37° ± 1°C for 18 h.

Selective enrichment and confirmation
Three drops (equivalent to approximately 0.1 ml) of the
BPW were placed separately and equally spaced on the
surface of Modified Semisolid Rappaport Vassiliadis agar
plates (MSRV) (Oxoid CM 0910) supplemented with
1.0% Novobiocin (Sigma-Aldrich N1628) and then incu-
bated in an upright position due to its semi-solid compo-
sition at 41.5° ± 0.5°C for 24 ± 3 h. In parallel, three
drops of BPW were inoculated in 10 ml Rappaport-Vassil-
iadis broth (RVS) (Oxoid CM 0866) and 1 ml to 9 ml
Müller-Kauffmann tetrathionate-novobiocin broth
(MKTTn) (Oxoid CM 0343). The RVS broth was incu-
bated in a water bath at 41.5° ± 0.5°C for 24 ± 3 h, and
the MKTTn at 37° ± 1°C for 24 ± 3 h. Five replicates of
each level were used.

After incubation the MSRV plates were examined for sus-
pect Salmonella growth and a sample was plated on Xylose

Lysine Deoxycholat agar (XLD) (Lab M lab 32, Axel John-
son Lab System Inc. Solna, Sweden) (with 1.5% Novo-
biocin) and Brilliant Green agar (BGA) (Oxoid CM 0329).
If no migration was noted the plates were incubated for
additional 24 h at 41.5° ± 0.5°C and the same procedure
was applied. A loop (0.1 ml) of each MKTTn and RVS-
broth was also plated on XLD and BGA and incubated at
37° ± 1°C for 24 ± 3 h and then screened for Salmonella
colonies.

Five colonies, for each XLD/BGA plate from the lowest
spiking level, were plated on blue-agar plates and incu-
bated at 37° ± 1°C for 24 ± 3 h. Confirmation was done
by serological agglutination with monovalent anti-O sera,
O-13 and O-23 to detect S. Cubana, O-4 and O-5 for S.
Typhimurium and O-16 for S. Yoruba. Physiological NaCl
was used in order to check for auto-agglutination.

Statistical analysis of performance criteria
Since the spiking levels for palm kernel meal with S. Typh-
imurium were higher than for the other feed materials,
those data were excluded from the calculation of overall
accuracy, sensitivity and specificity. The detection level of
each method for the different animal feed materials
spiked with the respective Salmonella serotype was com-
pared. The accuracy (AC), sensitivity (SE) and specificity
(SP) were calculated for each method and statistical anal-
ysis was done according to the principals used by Euro-
pean Commission Directorate General Joint Research
Centre [31]. This approach was recently used by Eriksson
and Aspán [20] in order to evaluate isolation methods for
Salmonella in faeces. The assumption is that all non-spiked
samples are negative for Salmonella and only those sam-
ples spiked with Salmonella are true positives. Samples
being positive on at least one selective agar plate, that is
XLD, BGA or both, are considered positive. Based on this,
the accuracy, sensitivity and specificity rates were
obtained by using the following definitions and equa-
tions [20]:

TP True Positives

A sample was defined as true positive when Salmonella
was detected in a sample where Salmonella had been
added

TN True Negatives

A sample was defined as true negative when Salmonella
was not detected in a sample where Salmonella had not
been added

FP False Positives

Table 7: Average pH values measured after pre-enrichment 
(BPW) of the feed and feed ingredients at 37°C for 18 h (2–4 
measurements).

Feed type pH value

Pellets of pig feed 5.0
Soybean meal 5.2
Palm kernel meal 6.0
Rape seed meal 4.9
Wheat grain 6.5
Scrapings from feed mill 5.0
Page 8 of 10
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A sample was defined as false positive when Salmonella
was detected in a sample where Salmonella had not been
added

FN False Negatives

A sample was defined as false negative when Salmonella
was not detected in a sample where Salmonella had been
added

Accuracy (AC) = (TP+TN)/(TP+TN+FP+FN)

Accuracy (AC) is a measure for the ability of a method to
correctly classify samples containing Salmonella as positive
for Salmonella, and samples not containing Salmonella as
negative for Salmonella.

Sensitivity (SE) = TP/(TP+FN)

Sensitivity (SE) is a measure for the ability of a method to
classify a sample containing Salmonella as positive for Sal-
monella.

Specificity (SP) = TN/(TN+FP)

Specificity (SP) is a measure for the ability of a method to
classify a sample not containing Salmonella as negative for
Salmonella.

In the present study the relative difference in accuracy,
sensitivity and specificity between the different methods
were investigated.

When accuracy and specificity are investigated at different
spiking levels and in different feed materials the sample
number are small and the estimated performance meas-
ures are associated with a great deal of uncertainty. To
account for this the respective accuracy, sensitivity and
specificity under these conditions are reported as Bayesian
confidence intervals [32], rather than point estimates.

The accuracy and specificity of the tests are reported as
shortest confidence intervals [33], under the assumption
that all values are equally probable. The calculations were
performed using an online calculator on (http://
www.causascientia.org/math_stat/ProportionCI.html,
Dec 16, 2008). The values reported defines the bounda-
ries of an interval that, with 95% certainty, contains the
true value of the accuracy, sensitivity or specificity.
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