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Abstract: The objective of present work was to optimize the procedures of FDA and USDA for the isolation of Listeria
species in imported frozen beef samples marketed in Malaysia. The modifications consisted of direct analysis or storage
of samples at 4°C for 24 h prior to analysis, and enrichment at 30°C or 35°C for 24, 48 and 168 h. For both FDA and
USDA modified methods, storage at 4°C for 24 h and pre-enrichment at 24 and 48 h were the most efficient. However,
the modified FDA with storage at 4°C for 24 h and pre-enrichment for 24 h {30°C and 35°C) and 48 h {30°C and
36°C) yielded more Listeria species. The rates of isolation were markedly affected with prolonged pre-enrichment
incubation up to 168 h. The overall conclusion vas that the modified USDA isolation method is beneficial vwhen a limited
range of the clinically important Lisferia species is sought, whilst the modified FDA is needed to estimate the prevalence

of Lisferia species in the samples examined.
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Introduction

The marked increase in the reported incidence of outbreaks of
food borne iliness over the past decade due to the bacterial
contamination of foods has raised serious concern regarding
the pathogens involved. Among the pathogenic bacteria,
Listeria sp. have been associated with a wide variety of foods
including ready-to-eat (RTE) foods and is a wvell-known
problems in production environments including abattoirs, meat
processing plants and fermented fish {Lavwwrence and Gilmour,
1994; Wilson, 1995; Fenlon et al., 1996; Endang et al., 1998,
lida ef al, 1998; Uyttendaele et al, 1999; Peterson and
Madsen, 2000; Inoue et al., 2000). Despite the availability of
many rapid procedures for the detection of this pathogen
based on immunoclogical or DNA hybridization, their sensitivity
means that these protocols require an initial incubation step,
to allows small number of pathogens present in food samples
to increase the concentration, which can be identified during
subsequent steps. Ideally, this enrichment phase should be
capable of selecting and supporting the growth of genus of
interest, and not involve the inhibition of the damaged or
undamaged cells of the target species.

The ingestion of Lisferia spp. (especially L. monocytogenes) in
foods can pose a significant health risk, with high reported
mortality rate for fetuses and immunocompromized patients.
Thus, it is important to prevent the contamination of foods,

such food. Conventional isclation methed for Listeria spp. in
foods which include those of the US Food and Drug
Administration {FDA) and the US Department of Agriculture
{(USDA), consist of pre-enrichment, secondary enrichment,
followwed by biochemical identifications and serotyping
{McClain and Lee, 1988, 1989; Lovett and Hitchins, 1988,
1991; Donelly, 1999; Franco ef al., 2001). However, these
methods have not been tested in a tropical country like
Malaysia in which the local conditions differ very much from
those in the temperate countries like the USA. Though rapid
methods such as enzyme-linked immunosorbant assay (ELISA)
and DNA hybridization method offer several advantages in
terms of sensitivity, ability to detect stressed or injured cells
that may elude the conventional methods. These methods
require either pure cultures or high cell numbers {10*-10°) and
thus pre-enrichment of samples for as leng as 48 h is
necessary as in conventional method. In addition these
methods are not yet suitable for routine screening of large
number of samples since they require trained persons and are
costly. Thus, in this study, we made an attempt to modify the
FDA and USDA methods for use under local conditions.

Materials and Methods
The experiment vwas conducted at Faculty of Food Sciences

like beef, with Listeria species, emphasizing the need for and  Biotechnology, University Putra Malaysia, during

reliable procedures to test the presence of the pathogens in September 1996 to 1997.

Table 1: FDA, USDA and their modified versions used in this stuchy

Enrichment procedures Primary enrichment Secondary enrichment Agar

With supplements

A Standard USDA UWVIM1 incubation for 24 h st 30°C Fraser broth incubation Palcam

for 24 h at 35°C

‘Without Supplements

B Modified USDA Fraser broth incubation for 24 h, 48 h and 188 h at 30°C Palcam

‘With supplements

C Standard FDA Listeria enrichment broth incubation for 48 h at 30°C - LSA

Without Supplements

D. Modified FDA Listeria_enrichment broth incubation for 24 h, 48 h Palcam
and 168 h at 30 °C and 35 °C

E Modified FDA Listeria enrichment broth incubation for 24 h, Palcam

48 h and 188 h at 30°C
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A. Standard USDA

Stomacher 25g
sample in 226 ml
UVM1 Incubation for
24 h at 30°C

¥

2.1 mlin 10ml Frager
both incubation for
24h at 35°C

4

Palcam agar
incubation for 24-48
h at 35°C

1
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B. Madifiod USAD

Stoemacher 25g s
aample in 225 ml
Fraser both
incubation for 24 h
at 3g°C

1

Palcam agar
incubation far 24-48
h at 30°C

{

Confirmation

\

Final Repart

Fig. 1:  Protocols of USDA and maodification USDA for
isolation and identification of Listeria species from

food samples

A. Standard USDA

Stomacher 25g
sample in 225 ml|
LEB incubation for

B. Modifled USAD

St1amacher 28g
sample in 225 ml LEB
without supplement

48 h at 30 °C ingubation for 24, 48
¢ and 168 h at 30°C
and 35°C
LSA incubation 24-
48 h at 30 °C J
¢ Falcam agar

incubation for 24-48

h at 30°C and 35°C

A, Btandard USDA J'

Final Report

25 g sample keep at 4°C
ovarnight + 225 ml LEB without
supplement incubation at 30°C
and 35°C for 24 h

~L

Lsa
J. incubation at 36°C for 22-48h
TSA-YE
Final Report

Fig. 2:  Protocols of FDA and modification FDA for isolation
and identification Listeria species from food samples

Sample collection and bacterial analysis: Frozen imported beef
samples (n =18} were purchased from retail markets in regular
consumer packages. Each of the samples was divided into two
25-g portions prior to analysis. The first portion of each
sample was analyzed directly after purchasing and the second
portion vwas kept at 4°C for 24 h before being analyzed.

The protecol used for isolation was the standard FDA and
USDA methods and their medifications as shown in Table 1.
Twventy-five grams of sample vwere homogenized in 225 ml of
Listeria enrichment broth {LED) or Fraser broth using a
stomacher (Colworth Stomacher) for 2 min. After incubation
time of 24, 48 and 168 h, a loopful from either LED or Fraser
broth wvere streaked onto the surface of LSA (Oxoid) or PA
{Oxoid). The plates vwere incubated at 30°C for 24-48 h. The
scheme for isolation of Listeria sp. is shown in Figs. 1 and 2.
Presumptive Listeria species colonies on LSA and Palcam agar
vvere streaked secondarily on Tryptone soya yeast extract agar
{(0.6% vyeast extract] (TSYEA) for purification and
confirmation.

Identification of Listeria species: An average of five colonies
were selected per positive sample. Listeriadike, bluish grey
colonies and producing black zone of aesculin hydrolysis,
whether B-hemaolytic or not on blood agar, were identified by
the following examination; gram-staining-positive, catalase-
positive, oxidase-negative, motility at 20-26°C as umbrella-like
growth on motility semi solid agar, urea-negative, TSI-
produced acid but not gas, MR-VP positive or negative, nitrate-
positive or negative and hippurate hydrolyze positive or
negative and Listeria latex slide agglutination test positive
[Serobact, Medvet-Australial. Further identification was carried
out using Microbact. 12L, Lisferia identification system
(Medvet-Australia } and conventional method of fermentation
test of manitol, xylose, rhamnose, M-D-glucose, maltose,
salicin, and the CAMP test performed with Staphylococcus
aureus and Rhodococcus equi.

Results

The results show that FDA modified with storage for 24 h
followed by pre-enrichment incubation at 30°C for 24 h and
48 h wvere obviously the more effective technique, with plating
on Palcam agar giving positive isolation for seven different
species of Lisferia (identified as L. monocyfogenes, L. ivanovii,
L. innocua, L. seeligeri, L. grayi, L. murayi and L. welshimeri)
from 16/18 samples examined. The next effective methods
were the modified FDA with storage for 24 h followed by
incubation of the enrichment broth at 24 h (30°C) and 48 h
[{3B°C]) wvith plating on Palcam agar, where seven and six
different species of Listeria vwere isolated. USDA meodified with
storage for 24 h and incubation for 24 h and 48 h of the
enrichment broth at 3B°C were also effective with the
recovery of six and five species of Listeria, respectively. It can
be seen that direct analysis or storage of the samples for 24
h by FDA and USDA methods gives lovw recovery of Lisferia
species. The extended enrichment of 168 h markedly reduced
the recoveries of all Listeria species in all the modified FDA
and USDA methods. Generally, plating on Palcam agar in
modified FDA technique gives higher recovery of Listeria
species compared to LSA in USDA meodified technique.
Identification of the isolates by standard biochemical tests
showed the prevalence of the Lisferia spp. in the following
order: L. innocua > L. monocytogenes > L. ivanowvii > L.
welshimeri > L. grayi » L. murayi > L. seeligeri »» Listeria
spp.

Discussion

In present study, we modified the FDA and USDA methods by
analyzing the samples directly or after storage at 4°C for 24
h follovwed by pre-enrichment steps for 24, 48 and 168 h at
30°C or 36°C, and plating on Palcam or Listeria Selective
agar (Table 1). Since 16/18 of the 24 h and 48 h incubation
of pre-enrichment broth at 30°C vielded Listeria species, the
direct analysis process was redundant. However, the results
suggest that the loss of viability due to prolonged incubation
in pre-enrichment broth differs between species. Elsewhere,
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Inoue ef al (2000) reported that keeping minced chicken
meat samples at 4°C for one week did not change the humber
of contaminating L. monocytogenes. The recovery of the
Listeria spp. from Palcam agar plate following 24 or 48 h
enrichment at 30°C indicates that Lisferia spp. wvere
significantly resistant to the selective stress present in the
Palcam agar, and that in the direct analysis using FDA, USDA
or modified FDA or USDA methods. The Listeria spp. form a
minor part of the bacterial population but are isolated after
period of storage at 4°C for 24 h and enrichment for 24 to 48
h since it would comprise a much larger proportion of the
viable population. Elsewhere, Listeriae has been reported to be
able to grow over a wide temperature range and are capable
of growth under a variety of oxygen conditions, thus, this
organism can survive and grow in refrigerated foods. Since,
this organism can grow at refrigerated food there is also
concern that this may contribute to the increased Listeria
population {Harrison ef al., 1991). The results also indicated
that the beef samples examined are contaminated by seven
different Listeria sp.

Whilst the modified USDA methods using LSA gave lower
rates of recovery of Lisferia sp. in this study, it permitted the
isolation of L. monocyfogenes and L. innocua from the
samples corresponding to those of the modified FDA methods
on Palcam agar. Thus, whilst the modified FDA on Palcam
agar allows good recovery of Listeria sp., the environment
presented by the modified USDA and plating on LSA may
enable the isolation of the major clinically important species
such as L. monocytfogenes and L. innocua and enable the
minor species to be isolated at much lower rates. The
extended enrichment incubation procedures up to 168 h in this
study served to reduce the total vyields of Listeria but this
lethality differed between media, vwhere only L. innocua was
the dominant species isclated. The fact that the modified FDA
method picked up more positives than the modified USDA
corroborated with Ryu ef al. {1991}, who reported that 21%
foods were positive for L. monocytogenes by USDA and 27%
by FDA. Taken together, these observations show that the
FDA, USDA or modified USDA methods may be the methods
of choice for isolation of L. monocytogenes for food samples
and FDA meodified methods (in this study) for isclating L.
monocytogenes and other Lisferia species.

Thus, when seeking the balance profile of Listeria spp. in beef
samples in this study, the modified FDA with pre-enrichment
at 24 {30°C and 35°C) or 48 h {(30°C] after 24 h storage at
4°C and streaking on Palcam agar is the method of choice.
However, the use of FDA, USDA and the modified USDA
methods in this study may be more beneficial where a limited
range of Listeria spp. (L. monocytogenes, L. innocua and L.
ivanoviil are sought, from the beef samples examined.
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