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A Comparison of EF-18 Agar and Modified 
Brilliant Green Agar with Lutensit for Isolation 
of Salmonella from Poultry Samples 

By L. Petersen 
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Petersen, L.: A comparison ofEF-18 agar and modified brilliant green agar with 
lutensit for isolation of Salmonella from poultry samples. Acta vet. scand.1997, 38, 
79-85. - Two selective plating media were compared to determine their performance in 
a three-step protocol for isolation of Salmonella from faecal, litter, and fluff samples. 
The encichment protocol consisted of: 1) Preenrichment in buffered peptone water 
(BPW), 2) Selective enrichment in Rappaport-Vassiliadis broth, and 3) Plating onto EF-
18 agar and BGA/L simultaneously. 
From a total of 1101 samples, Salmonella was isolated from 158, 157 of which were fae
cal samples. Thirtyone of these isolates were recovered on one medium only, 18 could 
not be found on BGA/L and 13 could not be found on EF-18 agar. The relative specific
ity and sensitivity of each plating agar was determined by enumeration of false-positive 
and false-negative reactions. EF-18 agar compared favourably with BGA/L, displaying 
a sensitivity of 0.92 as opposed to 0.89 for BGA/L, calculated for the "fecal samples" 
group only. The calculated specificities for each group of samples were likewise consid
erably higher for EF-18 agar (0.75-0.91) than for BGA/L (0.35-0.55). Though EF-18 
agar is slightly more expensive than BGA/L, the routine use of the former may result in 
a considerable reduction in overall laboratory costs due to its superior selectivity. On the 
other hand the combination of the 2 media clearly would reduce the number of false neg
ative results, with little extra cost. 

detection; selective and indicative agar; novobiocin; sulfapyridine. 

Introduction 
Multiple methods exist for the determination of 
Salmonella contamination of a sample, includ
ing culturebased, immunological and genetic 
procedures. The investigation of spread of Sal
monella infection among poultry flocks de
pends very much on the availability of suitable 
detection methods. Some epidemiological 
markers that have proven very useful ( serotyp
ing, phagetyping etc.) can only be determined if 
a culture of the given strain exists, therefore 
culturebased methods inheritantly give some 
unique opportunities. 

Microbiological analysis for Salmonella gener
ally includes an enrichment step in a selective 
broth medium (typically selenite, Rappaport
Vassiliadis, or tetrathionate broth), often pre
ceded by a nonselective preenrichment step that 
allows injured cells to recover. The enrichment 
broth is streaked on one or 2 selective agar me
dia, and presumptive positive colonies are veri
fied biochemically and serologically. 
The choice of selective agar media for Salmo
nella analysis has been the subject of several re
cent studies (Sherrod et. al. 1995, Warburton et 
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al. 1995). The type of sample, and especially 
the composition of the background flora, is of 
considerable importance for the efficiency of a 
specific plating medium. The traditional selec
tive plating media (such as Brilliant Green 
Agar, Xylose Lysine Desoxycholate agar and 
others) in fact allow a broad selection of espe
cially Gram negative bacteria to grow on the 
agar plates. This trait hinders the examination 
of samples such as faecal and environmental 
samples which are heavily contaminated with 
Gram negative bacteria. Growth of non-salmo
nellae may disturb the reading of plates, be
cause well isolated colonies of Salmonella may 
not be obtained. In our laboratory we have ex
perienced that some Enterobacteriaceae, for in
stance Proteus spp. and Escherichia spp., pro
duce "Salmonella-like" colonies on BGA and 
XLD, which may also to some degree aggluti
nate with polyvalent antisera (Kauffmann 
1954). Furthermore, it is possible that colonies 
of Salmonella on selective plates in some in
stances may be missed because of overgrowth 
by background flora that masks typical reac
tions. 
Several newly developed plating agars (Ram
bach, EF-18 etc.) have been reported to com
pete well with the classical media, especially 
due to well performing visualization systems, 
that make it simple to distinguish between Sal
monella and background flora (Joosten et al. 
1994, Sherrod et al. 1995). 
EF-18 agar is a relatively cheep plating me
dium, which at the same time is reported to sim
plify the recognition of Salmonella. In a collab
orative study in Canada it proved to perform 
very well for routine analysis compared to 
Rambach agar and XLD among others, also in 
laboratories that had not used EF-18 before 
(Warburton et al. 1995). 
BGA agar, modified by addition of the deter
gent lutensit (BGA/L), has been in use in our la
boratory for routine purposes for several years. 
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Though the staff has achieved considerable ex
pertise in using the medium, the "background 
flora" factor is time and ressource consuming, 
since it is necessary to handle a considerable 
number of presumptive positive colonies every 
day. 
The purpose of this study was to compare 
BGA/L with EF-18 agar in order to explore the 
specificity and sensitivity of the 2 media. 

Materials and methods 
Collection and analysis of samples 
The study material comprised I, 101 individual 
samples: 133 samples of hatchery dust and egg 
shells (fluff), 257 samples of litter material 
from breeder flocks, and 711 faecal samples 
from broiler flocks. 
Hatchery samples, consisting of dust and egg 
shell material (25 g), were collected from each 
hatcher after hatching, before cleaning and dis
infection procedures. 
Litter samples were collected from breeder 
flocks every week (IO g of sample). 
Faecal samples from broiler flocks were col
lected 2-3 weeks prior to slaughter. Twelve 
samples (pools of 5, 10 g of sample) were col
lected from each flock randomly distributed 
throughout the house. 
The samples were mailed to the laboratory. 
Samples that were received the day before or 
during a weekend were stored at 4 °C upon re
ceipt at the laboratory. 
All samples were analysed by a common en
richment procedure: Preenrichment was carried 
out in phosphate buffered peptone water (BPW) 
as described in the NMKL procedure (Anon. 
1991). IO g of sample was preenriched in 90 ml 
BPW, or 25 g of sample was preenriched in 225 
ml BPW, for 18-24 hat 37°C. 0.1 ml of the pre
enrichment culture was transferred to 9.9 ml 
Rappaport-Vassiliadis (RV) broth (Oxoid CM 
669) and incubated for 18-24 hat 37°C (Anon. 
1991). 



Agar for isolation of Salmonella 

Agarmedia 
RV enrichment cultures were plated in parallel 
onto BGA/L and EF-18 agar by means of a 1 Oµl 
loop. 
BGA/L: Brilliant green agar (Oxoid CM 329), 
modified by the addition of Lutensit A-LBA 
(BASF) 0.15% v/v from the medium described 
by Bisgaard (1978). Plates were incubated for 
18-24 hat 37°C. 
EF-18-agar plates were prepared according to 
Entis (1990) with the following: 5.0 g proteose 
peptone, 3.0 g yeast extract, 10.0 g L-lysine 
monohydrochloride, 2.5 g D-glucose, 15.0 g 
sucrose, 1.5 g MgS04.7H20, 1.5 g bile salts, 0.3 
g sulfapyridine, 0.03 g bromothymol blue so
dium salt, and 15.0 g agar, O.Q15 g novobiocin, 
1000 ml Hp; pH 6.6 ± 0.1. Plates were incu
bated for 18-24 h at 42 °C. 

Verification of isolates 
Typical colonies on EF-18 agar and BGA/L 
agar were verified by serotyping according to 
the Kauffmann-White-Schema (Kaufftnann 
1972) using polyvalent antisera produced by 
Statens Serum lnstitut, Copenhagen, DK. 
At least 2 red colonies were picked from 
BGA/L, and 2 blue colonies from EF-18 plates. 
From certain plates harbouring many colonies 
of slightly different morphology but typical 
color, the number of colonies picked could be 
larger. 

Data evaluation 
Results obtained by plating on the 2 media were 
tabulated against the "true" salmonella status 
of the sample. The true status was defined as 
Salmonella positive if Salmonella was isolated 
from a sample by at least one plating medium, 
if not as Salmonella negative. 
The sensitivity of each plating medium was cal
culated as the number of true Salmonella posi
tive samples detected by that plating medium 
(NposMedium), divided by the total number of true 
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Table 2. Serovar distribution of 158 Salmonella 
isolates 

Sero type 

Isolates from faecal samples: 
S. 4,12:b:
S. 6,7:-:-
S. Tennessee 
S. Havana 
S. Indiana 
S. Infantis 
S. Typhimurium 

Isolate from litter samples: 
s. 4,12:b:-

Number of 
isolates/percent 

I I 0.6% 
I /0.6% 
I /0.6% 
2/ 1.3% 

21I13.4% 
27 I 17.2% 

104/ 66.2% 

I I 100% 

Isolates recovered on one medium only: 
Not recovered on BGA/L: 
- S. Tennessee 
- S. 6,7:-:-
- S. Infantis 
-S. Havana 
- S. Typhimurium 

Total 

Not recovered on EF-18: 
- S. Typhimurium 

positive samples found (NP0 .). 

I I 5.6% 
I I 5.6% 
2111.1% 
2111.1% 

12 I 66.7% 

18I100% 

13 I 100% 

The specificity of each plating medium was cal
culated as the number of samples immediately 
classified as Salmonella negative by that me
dium (NnegMedium' samples that were negative, 
and that did not result in presumptive positive 
colonies on plates), divided by the total number 
of negative samples (Nneg). 
The difference between the number of 'pre
sumptive positive' and 'confirmed positive' 
samples are referred to as 'false positive' in the 
text. 
For statistical analysis Chi-square analysis and 
McNemar's test for paired comparisons were 
used (Cochran 1950). 
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Results 
A total of 158 positive samples were detected in 
this study, the majority of the positive samples 
being faecal samples from broiler flocks (157 
isolates; Table 1). The predominant serovar 
among the broiler isolates was S. Typhimurium 
(66.2%), followed by S. Infantis (17.2%) (Table 
2). Only one positive (S. 4,12:b:-) was found 
among the litter samples; all the fluff samples 
were found negative for Salmonella. 
Of the 157 faecal isolates, 31 were recovered on 
one plating medium only, 18 of these on EF-18 
agar, and 13 on BGA/L (Table 2). Overall EF-
18 agar recovered 144 isolates and BGA/L 139, 
corresponding to calculated sensitivities of0.92 
for EF-18 and 0.89 for BGA/L (Table I). As 
only one positive sample was found among the 
litter and fluff samples sensitivities were not 
calculated for these samples. 
The serovars of isolates recovered only on EF-
18 or BGA/L media are listed in Table 2 to
gether with the serovar distribution of all 158 
isolates. It is characteristic that the serovar dis
tribution among the isolates found only on EF-
18 was consistent with the distribution among 
the 157 faecal isolates, while the isolates found 
only on BGA/L were all Typhimurium. The dif
ference in numbers of positives detected on 
each medium or in serovar distribution among 
the isolates recovered on one medium only was 
not statistically significant, however. 
The calculated specificities of the media for 
each group of samples are listed in Table 1. The 
specificities of EF-18 are considerably higher 
than those of BGA/L. 
The difference between the 2 media in rates of 
false positives is highly significant using 
McNemars test (p<0.001) for all groups of 
samples (Table 1). The McNemar test excludes 
from comparison the number of samples being 
false positive on both media. This group of 
identical samples amount to, for faecal, litter 
and fluff samples 33, 27 and 14, respectively. 
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Discussion 
Ideally a selective medium for Salmonella de
tection combines a high sensitivity with a high 
specificity. 
The salmonella analysis applied in this study 
consists of 3 steps. The second and third step 
have the objective of preventing growth of 
background flora, so that Salmonella can multi
ply. The third step (plating) is also indicative, 
allowing Salmonella to develop colonies that 
are characteristic in color and morphology. All 
3 steps contribute to the development of the col
onies that are ultimately seen on the selective 
plates. The specificities and sensitivities, com
puted as described by Bag er & Petersen ( 1991 ), 
in fact refer to the entire 3 step procedure, even 
though only the third step is different among 
procedures. More than one characteristic of the 
plating medium contribute to the sensitivity and 
specificity. The selectivity of the medium is im
portant to prevent overgrowth of the plates by 
background flora, and the visualization system 
is supposed to make the final distinction 
between Salmonella and the remaining back
ground flora. The interplay between the selec
tive enrichment and the plating medium ulti
mately determines the efficiency of the entire 
procedure. 
Computing sensitivity and specificity by this 
procedure for the analysis of naturally infected 
samples, it is intrinsically assumed that a sam
ple containing Salmonella will be detected on 
at least one medium. That is not necessarily so. 
For the reasons outlined above the absolute sen
sitivity and specificity of EF-18 agar and 
BGA/L remain obscure, whereas the computed 
values are useful measures of the relative effi
ciency of the 2 media in this particular proce
dure. 
The relative specificitiy and sensitivity of EF-
18 agar are quite promising. In all 3 groups of 
samples the difference in false positive reac
tions between the 2 plating agars is highly sig-

nificant and in favour of EF-18 agar. It was ob
vious from the examination of the plates that 
EF-18 agar offers better discrimination be
tween Salmonella and background flora. It was 
often observed when Salmonella negative sam
ples were analyzed that EF-18 plates were ster
ile or had a few yellow colonies, while BGA/L 
plates were generally covered with varying 
populations of red and yellow colonies. On the 
other hand a positive sample typically resulted 
in heavy growth of blue-green colonies on EF-
18. 
The selectivity of EF-18 agar is based on bile 
salts, novobiocin and sulfapyridine, and an in
cubation temperature of 42 °C. Novobiocin in
hibits Proteus sp., which is a major problem in 
Salmonella isolation. The visualization system 
(L-lysine monohydrochloride, sucrose and bro
mothymol blue) theoretically allows only some 
rare strains of enterobacteriaceae, particularly 
some Escherichia coli strains, to develop typi
cal colonies: Blue, blue-green or jadegreen (ly
sine-positive and sucrose-negative reaction) 
colonies, slightly irregular, but neither watery 
nor mucoid (Brenner 1984, Entis 1990). 
BGA/L relies on brilliant green as the selective 
principle and a lactose/sucrose/phenol red indi
cator system. Non-lactose/sucrose fermenting 
organisms grow as red to pink colonies sur
rounded by brilliant red zones. Salmonella col
onies often become bluish and slightly irregu
lar. According to our observations some 
Proteus and Pseudomonas spp. grow as red col
onies on BGA/L plates, not unlike Salmonella 
colonies. A similar phenomenon is described 
by the producer ofBGA (Anon. 1990) 
Some members of the family Enterobacteria
ceae might give moderate reactions with poly
valent antisera (Kauffmann 1954). A great 
number of such cases will cause delay in the di
agnostic work, but a certain level can hardly be 
avoided, and the scarce amount of false posi
tives encountered on EF-18 in this study will in 
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our mind be acceptable to a routine laboratory. 
It is characteristic that the media differ in their 
specificity pattern. EF-18 is more specific for 
faecal samples than for litter or fluff samples, 
while BGA/L is more specific for fluff samples, 
though still not as specific as EF-18 agar. 
In conclusion, the results obtained in this study 
indicate that EF-18 agar indeed is a highly se
lective plating medium, and that it supports 
growth of poultry isolates of Salmonella at least 
as well as BGA/L. Ef-18 recovered more iso
lated than BGA/L, though the difference was 
not statistically significant. The fact that EF-18 
gives rise to considerably fewer false positives 
than BGA/L will result in a reduced workload 
and reduced ressource consumption in the la
boratory, if only one plating medium is used. 
The results obtained in this study underline the 
importance of streaking enrichment cultures on 
2 different plating media. It can be expected 
that the simultaneous use of both media will 
improve the efficiency of analysis in the sense 
that more positives will be identified with little 
extra cost and effort. 

References 
Anonymous: Salmonella-bakterier. Pavisning i livs

medel (Salmonella bacteria. Detection in Foods). 
Nordic Committee on Methods in Food Analysis 
no. 71, 1991, 4th ed. 

Anonymous: Brilliant green agar (Code: CM263) In: 
Bridson EY (ed): The OXOID Manual, 6th ed. 
1990, 2-53 - 2-54. 

Eager F, Petersen J: Sensitivity and specificity of dif
ferent methods for the isolation of Salmonella 
from pigs. Acta vet. scand. 1991, 32, 473-481. 

Bisgaard M: 0get salmonellaincidens i slagtekyllin
geproduktionen. Mulige causale sammenhamge 
og profylaktiske foranstaltninger. Dansk 
Veterinrertidsskrift 1978, 61, 491-496. 

Brenner DJ: Family I. Enterobacteriaceae. In: Krieg 
NR, Holt JG (ed). Bergey's Manual of System
atic Bacteriology, 1984. Vol 1, 408-420. Balti
more/London, 1984. 

Cochran WG: The comparison of percentages in 
matched samples. Biometrika 1950, 37, 256-266. 

Acta vet. scand. vol. 38 no. 1, 1997 

Entis P: Improved hydrophobic grid membrane filter 
method, using EF-18 agar, for detection of Sal
monella in foods: Collaborative study. J. Assoc. 
Off. Anal. Chem. 1990, 73, 734-742. 

Joosten HMLJ, van Dijck WGFM, van der Ve/de F: 
Evaluation of motility enrichment on modified 
semisolid Rappaport-Vassiliadis medium 
(MSRV) and automated conductance in combina
tion with Rambach agar for Salmonella detection 
in environmental samples of a milk powder fac
tory. Int. J. Food Microbiol. 1994, 22, 201-206. 

Kauffmann F: Enterobacteriaceae. Munksgaard, Co
penhagen, 1954. 

Kauffmann F: Serological Diagnosis of Salmonella
Species, Kauffi:nann White Schema. Munks
gaard, Copenhagen, 1972. 

Sherrod PA, Amaguana RM, Andrews WH, June GA, 
Hammack TS: Relative effectiveness of selective 
plating agars for recovery of Salmonella species 
from selected high-moisture foods. J. Assoc. Off. 
Anal. Chem. Int. 1995, 78, 679-690. 

Warburton DW, Bowen B, Konkle A, Crawford C, 
Durzi S, Foster R, Fox C, Gour L, Krohn G, La
Casse P, Lamontagne G, McDonagh S, Arling V, 
Mackenzie J, Todd ECD, Oggel J, Plante R, Shaw 
S, Tiwari NP, Trottier Y, Wheeler TD: A compar
ison of six different plating media used in the iso
lation of Salmonella. Int. J. Food Microbiol., 
1995, 22, 277-289. 

Sammendrag 
En sammenligning af EF-18 agar og modificeret bril
liantgrontagar med lutensit ti/ isolaton a/Salmonella 
jrajjerkra!prover. 

To selektive plademedier, EF-18 agar og BGA/L blev 
sammenlignet med hensyn ti! deres effektivitet. 
Prnver blev prreopformeret i BPW og selektivt opfor
meret i Rappaport-Vassiliadis bouillon, og derefter 
spredt pa EF-18 agar og BGA/L. Prnvematerialet var 
frecesprnver (711 ), strnelsesprnver (257) og st0V- og 
skalpr0Ver (133) fra slagtekyllinge- og rugeregs
produktion. 
EF-18 agars selektivitet er baseret pa novobiocin, 
galdesalte og sulfapyridin. Det indikative system 
bestar af L-lysin monohydrochlorid, sakkarose og 
bromthymolb!at. Salmonella vokser pa mediet med 
bla, blagrnnne eller jadegrnnne kolonier, som er let 
uregelmressige, men ikke vandige eller mucoide. 
Afi alt 1101 prnver blev Salmonella isoleret fra 158, 
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hvoraf de 157 var frecesprever. 31 af isolateme kunne 
kun isoleres fra et plademedium: 18 isolater blev kun 
fundet pa EF-18 agar, og 13 isolater kun pa BGA/L. 
Sensitiviteten af de to medier blev pa grundlag heraf 
beregnet til 0.92 for EF-18 agar, og 0.89 for BGA/L. 
Der var en signifikant lwjere forekomst af 'falsk 
positive' kolonier pa BGA/L end pa EF-18 agar. De 
beregnede specificiteter for hver prnvetype var 

sfiledes betydeligt lwjere for EF-18 agar (0.75-0.91) 
end for BGA/L (0.35-0.55). 
Resultateme viser at EF-18 agar er meget velegnet ti! 
rutineanalyser af prever fra fjerkrreproduktion. Me
diets selektivitet og indikative system g01" det muligt 
at diskriminere effektivt mellem Salmonella og bag
grundsflora. 
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