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ABSTRACT

The effect of different enrichment media i.e brain heart infusion (BHI broth),
tryptic soy broth (TSB), nutrient broth (NB), buffered peptone water (BPW), university
of Vermont medium (UVM;) and Listeria enrichment broth (LEB) on the growth of
Salmonella typhimurium and Listeria monocytogenes was stueid. Plating selective
media as well as bismuth sulfate, brillient green and xylose lysine deoxycholate (XLD)
was also evaluated for isolation of Salmonella typhimurium. Effect of modified
buffered peptone water for growth of Salmonella typhimurium was studied. The
influence of acriflavine and nalidixic acid on the growth of Listeria monocytogenes was
also evaluated. The results revealed that the best enrichment medium for Salmonella
typhimurium was TSB followed by BHI broth, while BPW was the lowest enrichment
medium for Salmonella typhimurium. On the contrary BPW was the most suitable one
for enrichment of Listeria monocyto genes. Bismuth sulfate was the most suitable for
isolation of Salmonella typhimurium. Modification of dextrose or lactose content (or
percent) paid to the ability increasing of BPW for enrichment of Salmonella
typhimurium. The addition of acriflavine and nalidixic acid to TSB and BHI broth had
not the ability to enrichment of L. monocytogenes. On the contrast unaddition
acriflavine and nalidixic acid to LEB and UVM; had the ability to enrichment of L.
monocytogenes.

Keywords: Salmonella, Listeria, enrichment , medium, ,acriflavine , nalidixic acid,
modification.

INTRODUCTION

Salmonella typhimurium is a rod shaped, non spore forming gram-
negative bacteria. It is a facultative anaerobic belong to family
Enterobacteriaceae family. The optimal growth temperature for S.
typhimurium is 37C°. Direct plating using selective media was found to be
successful in detection and isolating Salmonella strains (Dusch and Altwegg,
1995). However the enrichment step was necessary for enhancing the
detection and isolation of target pathogens (Fedorka-Cray et al., 1998, Nam
et al., 2004).

Listeria monocytogenes is gram-positive, non-spore forming rods. It is
considered a human pathogen. In adults human, its is known to cause
meningitis, en cepthalitis, abscesses, and death. For L. monocytogenes, it
has been well-documented that this organisms is virulence in vivo (Buncic et
al.,, 2001). L. monocytogenes is food-borne pathogen, with a widespread
occurrence in, e.g., fresh meat and poultry (Farber and Peterkin, 1991),
processed ready-to-eat meats, (Johnson et al., 1990), seafood (Jorgensen
and Huss, 1998), and soft-style cheese, (Loncarevic et al., 1998) .Several
studies have evaluated the performance of different isolation methods for
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their ability to detect low levels of L. monocytogens, as well as injured cells
(Capita et al., 2001; Patel and Beuchat, 1995; Silk et al., 2002; Suh and
Knabel, 2001). One of the most commonly used enrichment broths is the
University of Vermot Medium (UVM), which contains nalidixic acid
(suppresses gram-negative bacteria) and acriflavine (suppresses gram-
positive bacteria) as selective supplements (Bruhn et al., 2005). Gracieux et
al., (2003), concluded that virulent L. monocytogenes strains reached
significantly higher cell count on selective agar media such as Palcam,
Oxford, Rapid L. monocytogenes (RLM), and ALOA Listeria agar than did
address any biases of these enrichment procedures.

Nutrient broth is included in a standard methods procedures for testing
food, dairy products, and other materials (Vanderzant and Splittstoesser,
1992). Bacteriological Analytical Manual, (1995). The nutritionally rich formula
of Brain-Heart Infusion Solids is used to grow a variety of microorganisms.
The original Brain-Heart Infusion media are specified in standard methods for
multiple applications (Vanderzant and Splittstoesser, 1992; Cunnif, 1995).
UVM Modified Listeria enrichment Broth is a modification of the formula
described by Donnelly and Baigent, (1986). This formula is used for the
selective enrichment of Listeria spp. form food (Vanderzant and Splittstoesser,
1992; Lee and McClain, 1994) and clinical specimens (Murray et al., 1995).
Listeria enrichment Broth, Modified is used for selectively enriching Listeria
from raw and pasteurized milk according to the International Dairy Federation
(IDF,1995).

Modified Oxford Medium is recommended for isolation and identifying L.
monocytogenes from processed meat and poultry products (Lee and McClain,
1989). Oxford Medium is recommended for isolating Listeria from enrichment
broth cultures. The most widely recognized antimicrobial agent combinations
are the Oxford Medium formulation (Curtis et al., 1989), and the Modified
Oxford Medium (Lee and McClain, 1989). Oxford Listeria Agar Base is
prepared according to the formulation of Curtis et al. (1989).

Bismuth Sulphite Agar is a modification of the original selective medium
for the isolation and preliminary identification of Salmonella typhi and other
Salmonellae from pathological material, sewage, water supplies, food and
products suspected of containing these pathogens. The use of this medium is
advocated by several authorities (Anon, 1981; ICMSF, 1978; Speck, 1984).

Brilliant Green Agar was first described as a selective isolation medium
for Salmonella species by Kristiansen et al., (1925). Brilliant Green Agar
corresponds to the medium recommended by the APHA (1976). SS Agar was
described for the isolation of Salmonellae and shigellae from faeces,
foodstuffs and other material.

The main objective of this study was to comparison between different
enrichment media and different plating selective media for enrichment and
isolation of Salmonella typhimurium and L. monocytogenes,and also to
evaluate the effect of acriflavine and nalidixic acid on growth of L.
monocytogenes.
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MATERIALS AND METHODS

Bacterial strains:

Two pathogenic bacteria strains , Listeria monocytogenes and
Salmonella typhimurium were kindly provided by Dr. Abdel-Salam. A.F.,
Regional Center for Food and Feed, (ARC) Egypt .

Maintenance of isolates

S. typhimurium and L.monocytogenes strains were maintained through
monthly transfers on nutrient agar for Slamonella typhimurium and on
trypticase soy agar (TSA) + 0.6% yeast extract (YE), oxoid Ltd, Hampshire,
UK) for L. monocytogenes. The isolates were stored at 4°C.

Preparation of bacterial inoculum:

Standard inoculum was prepared by inoculation of conical flask 100 ml
volume containing 50 ml of trypticase soy broth +0.6% yeast extract (pH 7.3)
with a loop of Listeria monocytogenes, then incubated for 24 hr at 30°C.
Another flask containing 50 ml of 1.0% buffered peptone water (pH 7.2) was
inoculated with Salmonella typhimurium and then incubated for 24 hr at 37°C.
Cell counts were determined by serial dilution and subsequent enumeration
on palcam agar for L. monocytogenes and Salmonella shigella agar for
Salmonella typhimurium.

The comparison of four pre-enrichment media for growth of Salmonella
typhimurium:

The four enrichment media selected for evaluation, were Brain Heart
Infusion (BHI) broth, trypticases soy broth +0.6% yeast extract (T.S.B.Y.E),
buffered peptone water (B.P.W) and nutrient broth (NB).The pH each medium
was 7.2. These media were prepared in Erlenmeyer flasks (250 ml), then
inoculated with concentration of 35x10° cfu/ml Salmonella typhimurium. The
flasks were incubated at 37°C for 24 hours on rotary shaker (100 rpm) and
Salmonella typhimurium density was determined according to method
described by Berrang et al., (2001).

Evaluation of three plating media for isolation of Salmonella
typhimurium:

Three bacterial isolation plating media selected for evaluation, were
Bismuth sulfate, Brilliant green and X.L.D. After preparing both B.P.W and
TSBYE in Erlenmeyer flasks (250 ml) and inoculation with Salmonella
tyhimurium inoculum containing 24x10™ cfu/ml, the flasks incubated at 37°C
for 24 hours on rotary shaker (100 rpm). Twenty five ml of both BPW and
TSBYE were transferred into a sterile flask and mixed well with 225 ml of
sterile peptone water( 0.1)% to make dilution 1:10, and Salmonella
typhimurium density were determined onto individual Bismuth sulfate, Brilliant
green and XLD plates, followed by incubation at 37°C for 24 hours.

Effect of modified buffered peptone water medium on growth of
Salmonella typhimurium:

Buffered peptone water was prepared in Erlenmeyer flasks (250 ml) by
addition of different concentrations of lactose and dextrose as follows:
- First flask: control without any modification (as it is),

- Second flask: containing 1.7% casein and 0.25, dextrose

353



Abd El-Salam, A. F. et al.

Third flask: containing 1.7% casein,

Fourth flask containing 1.7% casein and 0.4% lactose.

Fifth flask containing 0.4% lactose

Sixth flask: containing 0.25% dextrose, fourth, flask containing 0.4% lactose.
All flasks were inoculated with Salmonella typhimurium inoculum

containing 17.3x10"" cfu/ml. the flasks were incubated on rotary shaker (100

rpm)at 37°C for 24 hours and Salmonella typhimurium density was

determined according to method described by Berrang et al. (2001).

The comparison between five enrichment media for growth of Listeria

monocytogenes :

Five enrichment media were performed, TSBYE, BHI broth, University
of Vermont Medium (UVM;,), Listeria Enrichment broth (LEB)and Nutrient
broth. These media were prepared in Erlenmeyer flasks (250 ml) and
inoculated with L. monocytogenes inoculum containing 9x10° cfu/ml, the
flasks were incubated on rotary shaker (100 rpm) at 30°C for 24 hours, and
Listeria monoctygenes density were determined on palcam agar base
according to the method described by Berrang et al. (2001).

The comparison between tryptic soy broth and nutrient broth for growth
of Listeria monoctyogenes on oxford agar base:

This experimental was carried out with the same method mentioned
before in the comparison of five enrichment media for growth of Listerial
monoctyogenes by palcam agar base.

Effect of acriflavine and nalidixic acid on growth of Listeria
monoctyogenes:

UVM; and LEB were prepared in Erlenmeyer flasks (250 ml) with
addition of different concentrations of acriflavine (8, 10, 15 mg/L) with fixed
the concentration of nalidixic at 0.04 mg/L, and then prepared LEB and UVM,
without addition of acriflavine and nalidixic acid. Also, TSBYE and BHI broth
were prepared with addition of acriflavine and nalidixic acid with the same
concentration of original formulae of LEB and UVM; without changes.The
media were inoculated with L.monocytogenes inoculum containing 3x10°
cfu/ml, the flasks were incubated on rotary shaker (100 rpm) and L.
monocytogenes density was determined according to method described by
Berrang et al. (2001).

RESULTS AND DISCUSSION

From the results illustrated in figure (1) it is obvious that TSB was the best
enrichment medium for increasing counts of S. typhimurium following by BHI
broth where the counts increased from 35x10° cfu/ml to 52x10'° and 34.0x10™
cfu/ml respectively.

On the other hand, BWP was the lowest enrichment broth medium for
encourage of Salmonella typhimurium counts which led to increasing of S.
typhimurium counts from 3.5x10" cfu/ml to 2.5x10° cfu/ml using S.S agar
(selective agar medium) for enumeration.
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Figure (1): Effect of four pre-enrichment media on the growth of
Salmonella typhimurium .
* The use inoculation of Salmonella typhmurium was 35x10°cfu/ml.

Data in table (1) show the effect of tryptic soy broth (TSB) and buffered
peptone water (BPW) on the proliferation of S. typhimurium .Results revealed
that the TSB showed higher bacterial count on bismuth sulfate then other
tested media followed by BPW where the counts increased from 2.4x10"
(initial inoculum ) to 5.6x10"" cfu/ml,1.9x10"" cfu/ml respectively .The lowest
count was recorded in the case of XLD medium using BPW as enrichment
medium being 1.1x10"™ cfu/ml .It means that the TSB medium containing
some nutrient and growth factors such as vitamins and amino acid which
supported Salmonella growth then BPW.

Table (1): Evaluation of three J)Iating media for isolation of Salmonella
typhimurium ( x10"° cfu/ml).

Medium Total count colony forming united (cfu/ml)
Bismuth sulfate Brilliant green XLD

TSB 56.0 2.3 0.29
BPW 19.0 1.0 0.11

* The use inoculation of Salmonella typhmurium was 24x10™ cfu/ml.

The obtained results in figure (2) elucidated that the modification of
dextrose (0.25%) or lactose (0.4%) led to increasing the ability of BPW for
enrichment of S. typhimurium and following by increasing of S.typhimurium
density from 17.3x10"" cfu/ml to 24x10*" and 12x10"" cfu/ml respectively.On
the contrary casein or casein with dextrose or lactose caused decreasing the
ability of BPW in enrichment of S. typhimurium and following by logarithmic
decreased of S. typhimurium density comparison (control) using B.S agar for
enumeration. 1This study was supported with those following results which
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demonstrated that the importance of a suitable pre-enrichment medium for
the recovery of heat-injured Salmonella prior to selective enrichment has
been demonstrated previously (Clark and Ordal 1969; Edel and
Kampelmacher, 1973). The difference in performance between commercial
preparations of the same medium type during recovery of heat-injured cells
supports the findings of Stephens et al. (1997). Differences in pre-enrichment
media of up to 3 log 10 cycles between the worst and best medium were
reported by Stephens et al. (1997). The influence of medium components on
the recovery and survival of damaged bacteria has been reviewed previously
(Harris, 1963).

Media preparation particularly autoclaving and over heating is an
important aspect of culture media that is often overlooked out which may
adversely affect medium performance and reliability. During the autoclaving
process, auto-oxidation of phosphate buffers and sugars may potentially
occur (Baylis et al., 2000). Selectively of enrichment conditions play
determinant role in the successful recovery of Salmonellae in high but not in
low moisture foods (D'Aoust et al., 1980; Gabis and Silliker, 1974; Silliker and
Gabis, 1974). Salmonella isolation methodology has been evaluated in many
studies (Khox et al., 1942; Vassiliadis et al., 1974, Vassiliadis et al., 1976,
Vassiliadis et al., 1978; Cox et al., 1982; Davies and Wray, 1994; Peplow et
al.,, 1999). Some research has focused on development of rapid
methodologies such as polymerase chain reaction (Huang et al., 1999;
Peplow et al., 1999), whereas, others have concentrated on improvements to
conventional methods (Davies and Wary, 1994; Read et al., 1994; Hammack
et al., 1999). The reasons for failure of the some enrichment media may be
attributed to the composition inculusion of inhibitory substances, physical
composition, or both (Skjerve and Olsvik, 1991; Davies et al., 2000).
Enrichment broth may be toxic for some Salmonella strains (Patil and Parhad,
1986).

The results in figure (3) clearly showed that NB was most suitable for
enrichment and cultivation of L. monocytogenes then followed by BHI broth
such as increased L. monocytogenes counts from 9x10° cfu/ml to 26x10” and
5.7x10" cfu/ml respectively, using palcam agar for enumeration. On the
contrary both UVM; and LEB induced inactivating and controlling of L.
monocytogenes. These results are in agreement with those recorded by
Hassouba (1997).

From the summarized results recorded in Table (2) it is evident
that using oxford agar for enumeration after enrichment in TSB or NB instead
of palcam was most efficient selective medium than palcam agar which led to
increase of L. monocytogenes counts from 2.5x10° cfu/ml to 17x10° and
47x10° cfu/ml respectively, compared with increasing L. monocytogenes
counts using palcam agar with the same enrichment broth media (TSB, NB).

Table (2): The comparison between TSB and N.B for growth of Listeria
monoctyogenese on oxford agar (xlO8 cfu/ml)
Medium TSB N.B
Count cfu/ml 17.0 47.0
* The use inoculation of L. monocytogenes was 2.5x10° cfu/ml.
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Figure(2): Effect of modified buffered peptone water medium on growth
of Salmonella typhimurium.
* The use inoculation of Salmonella typhmurium was 17.3x10" cfu/ml.
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Figure (3): The comparison between five enrichment media for growth
of Listeria monoctyogenes.
* The use inoculation of L. monocytogenes was 9x10° cfu/ml.
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Data in Table (3) observed that unaddition of acriflavine and nalidixic
acid to LEB and UVM; paid to increaseof its ability for enrichment and
cultivation of L. monocytogenes compared with using the same media with its
concentration, traces or high of acryflavine and nalidixic acid. On the contrary
the addition acriflavine and nalidixic acid to both TSB and BHI broth paid to
never its ability for enrichment of L. monocytogenes compared with using
the same media without addition acriflavine and nalidixic acid .

Nearly similar results cleared that L. monocytogenes strains were
inhibited by acriflavine where these strains varied in their sensitivity to
acriflavine ,also nalidixic acid in UVM is used to suppress the growth of gram-
negative bacteria and Bacillus spp but has no effect on the growth of L.
monocytogenes, also, acriflavine is used in UVM to suppress non Listeria
gram-positive bacteria. Acriflavine is used as the only supplement to
suppress gram-positive bacteria in other Listeria selective enrichments
medium (Silk et al., 2002). Many gram-positive bacteria such as lactic acid
bacteria produced bacteriocins that are inhibitory against L. monocytogenes
(Nes and Hole, 2000; Ross et al., 2002) and it has been shown that L. inocua
can produce a bacteriocin(s) which inhibits L. monocytogenes (Yokoyama et
al., 1998). Bacteriocin-negative lactic acid bacteria may be inhibitory to both
lineage 1 and 2 L.monocytogenes strains and it has been suggested that this
is partly due to nutrient competition and that an interaction of this type could
also take place between two L. monocytogenes strains (Buchanan and Bagi,
1997; Nilsson et al.,, 2004). Listeria monocytogenes was affected by the
selective agents present in UVM and LEB and the growth was inhibited
compared to growth in BHI broth and TSB. This effect is in agreement with
other studies (Cornu et al., 2002; Macdonald and Sutherland, 1994). The
selective antibiotics inhibit the growth of background resident microorganisms
(Kim, 2006). The ability of selective enrichment broth to resuscitate
temperature-, preservate-, salt, and acid stressed cells was discussed by
meny investigaters (Abdul-Raouf et al., 1993; Benjamin and Datta, 1995;
Koutsoumanis and Sofos, 2004; Liao and Fett, 2005).

From the obtained results observed that no addition acriflavine and
nalidixic to LEB and UVM, paid to increasing of its ability for growth of L.
monocytogenes. On the contrary observed that addition acriflavine and
nalidixic to T.S.B and B.H.I.B paid to never its ability for growth of
L.monoctyogenes.

Table (3): Effect of acriflavine (mg/L) and nalidixic acid (mg/L) on growth
of Listeria monocytogenes.

LEB [ uvMm, LEB [UVM,[ B.H.IB. [ B.H.IB [ TSB | TSB
Medium Acriflavine Without N JA[NJA[NJA[NTA
(mg/L) Nora (mg/L)
8[10]15[ 8 [10]15 0.02 ]0.012] 0.04 ]0.015]0.02]0.012[0.04 [0.015
Sf‘;‘j:fls Zero 72x10° [52x10° Zero

The use inoculation of L. monocytogenes was 3x10°.
A: acriflavine
N: nalidixic acid
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