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SUMMARY

A total of 20 L. monocytogenes strains isolated from some local fish
from different shops and markets located in 5 towns in Egypt. The total
incidence of L. monocytogenes in raw fish was 9.3%, it was
predominated in Clarias (4.19%) followed by Saurus (2.79%) then
Sardines (2.33%). They were phenotypic characterized with respect to 8
characters, carbohydrate fermentation profiles showed wvariation in
utilization of dalcite, lactose, maltose, mannitol, starch and xylose while
glucose, salicin, sucrose, trehalose and rhaminose yielded positive in all
strains. They were tolerant to NaCl at high salt concentrations ranged
from 8% to 20%. The growth inhibition of L. monocytogenes in presence
of organic acids not occurred within 5 and 10 minutes but occurred after
24 h incubation at 37°C even with different concentrations (0.5, 1, 2 and
5%). The positive percent of Congo red binding activity and Lecithinase
production were 90% and 85% respectively. The drug susceptibility
characterization of L. monocytogenes cleared that all isolates were
resistant (100%) to colistin sulphate, enrofloxacin, nalidixic acid and
oxolinic acid, but were susceptible to chloramphenicol (100%) followed
by erythromycin (80%), amoxycillin (75%) then oxytetracycline
(70%)and ciprofloxacin (65%). Pathogenicity in laboratory animals
showed that 20 strains caused keratoconjunctivities in G. pig and only
16 strains killed the mice within 7 days. All strains were haemolytic to
RBCs of horse, sheep, G. pig and human and only showed change in
haemolysis with addition of D-mannose as follows 85, 75, 50 and 50%
in horse, sheep, G. pig and human RBCs respectively. The count of
L. monocytogenes inoculated in Sardine was affected by heat treatment
where increasing time of exposure and degree of temperature reduced
count as 100°C for 20 minutes completely eliminated L. monocytogenes
, while at 70°C for 20 minutes only reduced count and having no effect
at 50°C even with increasing time. Whereas treatment with organic
acids revealed that when the acid concentration increased, the growth
rate of L. monocytogenes decreased and the relative inhibition effect was

110




Assiut Vet. Med.J. Vol. 52 No. 108 January 2006

generally lactic > acetic > citric acid , form interest of this work that low
concentration of organic acids (0.5%) enhanced growth of
L. monocytogenes. Application of antimicrobial ice on Sardine not
completely eliminated but reduced L. monocytogenes count from 1 X
10% to 1.5 X 10° and 2 X 10° after 60 and 120 minutes exposure
respectively.

Key words: Fish, Clarias spp., saurus spp., sardine, L. monocytogenes.

INTRODUCTION

Fish is considered a very important diet for human due to its
protein content and high level of calcium and phosphorus. Fish may be
subjected to various forms of contamination by different microorganism
including L. monocytogenes which is an opportunistic bacterial pathogen
of man and animal. It has the ability to survive under extreme
environmental conditions causing illness to animals and man called
listeriosis, specially in pregnant woman, new born infants, children and
adults whose immune system are weakened (Rocourt et al., 2000).

More recently a new form of the disease has been recognized, it
is characterized by mild disorders of the gastrointestinal system and
short incubation period. L. monocytogenes has been involved in a food
borne outbreaks of gastroenteritis (FAO report, 1999). Due to ubiquitous
nature of Listeria spp. and its ability to grow in refrigerated temperature
and low oxygen level, its isolation from fish is recorded by Kwiatek,
(2004) who isolated it from raw fish.

The recent concern about decontamination of L. monocytogenes
by physical and chemical methods that inhibit this bacteria to prevent
future outbreaks as heat treatment or addition of certain substance that
remove or minimize the Listeria load in fish and fish products included
acetic and citric acid (Naser, 2003), antimicrobial ice containing chlorine
dioxide (Cl0O;) (Shin et al., 2004) or addition of lactic acid alone or with
hot water (Koutsoumanis et al., 2004).

The investigation dealt with:

- The prevalence of L. monocytogenes in some local fish including Saurus,

Sardines and Clarias Spp

Studying some phenotypic characterization with respect to carbohydrate
fermentation profiles, haemolytic activity, growth inhibition by sodium
chloride, and organic acids (acetic, citric and lactic acid) Congo red
binding activity, lecithinase production test, drug susceptibility and
pathogenicity in laboratory animals (G. pig and mice).
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- In addition to studying the effect of heat treatment, addition of acetic,
citric and lactic acid and also antimicrobial ice on contaminated samples
with L. monocytogenes was investigated. ———

MATERIALS and METHODS

Fish samples:

A total of 215 fish samples including 80 Saurus, 70 Clarias and
65 Sardines were purchased from different shops and markets of various
size located in 5 towns in Egypt, collected in sterile polyethylene bags
and transferred to the laboratory in an ice box then kept at 0- 4°C until
tested within 24 h.
Bacterial strains:

Rhodococcus equi and Staphylococcus aureus for CAMP test were
obtained from Animal Health Research Institute. L. monocytogenes
microorganism was isolated during this study. The stock culture was
maintained at -20°C in trypticase soy broth containing 10% glycerol.
Blood:

Blood was collected from horse, sheep, G. pig and human into
tubes containing sodium citrate in distilled water per 9.0 ml of blood.
Blood was diluted 1:4 with phosphate buffered saline (PBS) of pH 7.2 to
test for haemagglutination (HA) and 1:4 with 1% D mannose in PBS test
for mannose resistant haemagglutination MRHA.

Laboratory animals:
1- Mice:

A total of 100 albino white mice with average weight of about
18- 20 gm and aged 30- 35 days were used for detection of pathogenicity
of L. monocytogenes.
2- G. pig: ”

A total of 20 G pigs were used for interaconjunctival infection
for detection of conjunctivitis caused by L. monocytogenes.

Disinfectants : .
- Acetic, citric and lactic acids, each was used in a concentration of 0.5,
1, 2 and 5%.
- Antimicrobial ice was obtained from some factories containing
chlorine dioxide.
Isolation of Listeria monocytogenes from fish:
According to FAO (1992) 25 gms from each fish sample were
added to 225 ml of Listeria enrichment broth (L.E.B.), then incubated at
30°C for 48 h. The enrichment culture was streaked on PALCAM
selective agar and incubated at 30°C for 24- 48 h.
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Identification and characterization of L. monocytogenes isolated
from fish:

Colonies suspected to be L. monocytogenes were identified
according to Koneman et al. (1996) and Quinn et al (2002) and
characterized according to Margolles et al. (2000) by Gram stain,
tumbling motility, V.P, catalase, oxidase, haemolysis on horse blood
agar and CAMP tests.

CAMP technique:

B haemolytic Stayphlococcus aureus and Rhodococcus equi
cultures in parallel and diametrically opposite each other were streaked
on sheep blood agar plate, where several test cultures were streaked
parallel to one another, but at right angles to and between S. aureus and
R. equi streaks. The plates were incubated at 35°C for 24- 48h then
examined for haemolysis.

All L. monocytogenes give haemolytic reactions which -are
enhanced in the zone influenced by S. aureus streak.
characterization of L. monocytogenes
1. Carbohydrate fermentation profiles:

This test was performed by addition of single colony to 5 ml of
basal liquid medium (meat extract 1%, sodium chloride 0.5% and
bromocresol purple 0.02 g pH 6.8) containing 1% of the appropriate
carbohydrate including glucose, dalcite, lactose, maltose mannitol,
salicin, starch, sucrose trechalose, xylose, and rhamnase. Development
of yellow colour after 24- 48 h of incubation at 37°C was considered a
positive result.

2. Growth inhibition by sodium chloride:

Over night cultures on tryptic soya broth (T.S.B) were used to
inoculate fresh T.S.B supplemented with NaCl in a range from 8 to 20%
at 1% intervals then 200 pl of each inoculated media were dispensed into
wells of microtitre plates and were incubated at 37°C for 48 h. To ensure
the growth of L. monocytogenes a loopfull from each well was cultured
on PALCAM agar as solid nedia and was incubated 30°C for 24h.

3. Growth inhibition by organic acids:

Over night cultures on T.S.B were inoculated to fresh T.S.B
supplemented with one of each of the 3 organic acids (acetic, citric and
lactic acid) at mentioned concentrations, then 200 pul of each suspension
was dispensed into wells of microtitre plates that were incubated at 37°C
for 48 h and ensured growth by cultivation on PALCAM.
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4. Congo red (C.R) binding activity: Delgado-da-Silva et al. (2001).
Listeria monocytogenes strains were cultured into Congo red
media, the reaction was best seen after 24 h of incubation at 37°C and

then left at room temperature for additional 2 days. CR" was indicated

by development of red colonies, CR™ colonies appeared white as did not
bind to the dye. '

5. Lecithinase production test: Delgado-da-Silva et al. (2001)
Listeria monocytogenes isolates were inoculated on the surface of egg
yolk agar media and incubated at 37°C for 24 h. Positive result was
indicated by appearance of colonies surrounded by zone of opacity.

6. Drug susceptibility testing: Finegold and Martin (1982) and
Quinn ef al. (2002).

On Muelleur Hinton medium the standard disk diffusion assay
was used to determine susceptibility of the isolated L. monocytogenes to
12 antimicrobial agents (Oxoid), using the following discs, amikacin
(30pg), amoxicillin (25ug), cefadroxil (30pug), chloramphenicol (30pg),
ciprofloxacin (5ug), colistin sulphate (50pg), enrofloxacin (5pug),
erythromycin (15pg), nalidixic acid (30pg), oxolinic acid (2ug)
oxytetracycline (30pg) and streptomycin (10pg). The results were
interpretated according to the manual supplied by the manufacture
company.

7. Pathogenicity in laboratory animals:

All laboratory animals wereexamined bacteriologically and
proved to be free from pathogens.

- Mouse lethality test: Stelma ez al. (1987).

The mice were divided into groups (5 in each) according to
number of isolates. Last group was kept as control and each mouse was
inoculated with 0.1 ml of 10" C F U of test strain of L. monocytogenes
I/ P, each group was kept separately. All mice were kept under
observation for 7 days. Number of deaths were recorded daily and
reisolation of L. monocytogenes was done from dead mice. Strain that
killed 3 or more mice was considered pathogenic.

- Anton test:

1 G. pig was used for each isolate. Instillation of G. pig eye with
early pure culture causing conjunctivitis within 24- 48 h.

8. Haemolytic activity: Dominguez et al. (1986)

Two well developed colonies from sheep blood agar were
suspended in 0.5 ml of saline solution Two fold dilutions were made in
microtitre plate with U form wells containing 50ul of saline solution
then 50 pl of bacterial suspension was added to the first well. 50ul from
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well were transferred to another containing saline solution and so on.
100 pl of 3% of washed sheep RBCs were added to each bacterial
dilution. Negative control well contained 100 of washed sheep RBCs
and 50l of saline solution. The microtitre plates were incubated at 37°C
for 16 h. The haemolytic activity was expressed as complete haemolysis
unite C.H.U. (the inverse of highest dilution at which 100% haemolysis
occur) and minimal haemolysis unite M.H.U. (the inverse of highest
dilution at which haemolysis was detected). The test was repeated using
washed G pig then human RBCs.

Preparation of Lisferia inocula and fish inoculation: Koutsoumanis
et al.,( 2004).

A mixture of six L. monocytogenes strains showed various
phenotypic characterization isolated from fish in this work, were grew
on tryptic soya broth at 30°C for 24 h, then centrifuged at 2000 rpm for
15 minutes. The harvested cells were washed in 10 ml phosphate buffer
saline, centrifuged as previously then the washed cells were diluted with
P.B.S till obtain 10 CFU/ ml. Then 1 ml was inoculated to each fish
sample (previously examined to ensure it is free from L. monocytogenes,
and left to dry off for 15 minutes at 4°C. Listeria was counted using
PALCAM agar.

Treatments used to control L. monocytogenes:
1- Heat treatment:

Fish were experimentally contaminated with L. monocytogenes
and subjected to various degrees of temperature with different
(increasing) durations in hot air oven that was considered as grilling in
following temperatures 50, 70 and 100°C each with the following time
10, 15 and 20 minutes.

2- Addition of organic acids:

Each of acetic, citric and lactic acids was added in mentioned
concentrations to fish contaminated with L. monocytogenes in
polyethylene bags for 30 seconds, 1 and 5 minutes.

3- Application of antimicrobial ice:

Contaminated fish were put in plastic bag with antimicrobial ice

and tested for time intervals of 60-120 minutes
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RESULTS
Table 1: Occurrence of L. monocytogenes in some local raw fish.
Fish species No.of examined "} Ny of + ve samples %+ o+
Saurus 80 6 1.5 2.79
Clarias 70 9 12.86 - 410
Sardines 65 3 7.69 233
Total 215 20 2805 93

* Percent was calculated according to the number of cach species of the examined fish.
** Percent was calculated according to the total number of the examined fish (215).

Table 2: Characterization of L. monocytogenes isolated from local fish.

Test Nc.). of N_o. of - ve % of
+ ve isolates isolates positive
Carbohydrate profiles:
Dalcite 13 7 65
Lactose 14 6 70
Maltose 15 5 75
Mannitol 10 10 50
Starch 16 4 80
Xylose 3 17 15
Growth inhibition by NaCl. - 20 0
Growth inhibition by organic acids
after: 5-1-05?1113 i 20 0
; 20 - 100
Congo red binding activity. 18 2 90
Lecithinase production. 17 3 85
Drug susceptibility.
Amikan 30 10 10 50
Amoxycillin 25 15 5 75
Cefadroxil 30 5 15 20
Chloramphenicol 30 20 0 100
Ciprofloxacin 5 13 7 65
Erythromycin 15 16 4 80
Oxytetracycline 30 14 6 70 -
Streptomycin 10 11 9 35
Pathogenicity test: 20 0 100
a. keratoconjunctivitis in G. pig
b. Death of mice with 5 day 16 4 80

The percent was calculated according to the total number of strains (20).

Glucose, salicin, sucrose, trehalose and rhaminose were +ve in all isolates.

Sodium chloride was used in range from 8 to 20 % at 1% intervals for each strain in
growth inhibition test.

Colistin sulphate, enrofloxacin, nalidixic acid, oxolinic acid were—ve in all strains.
Inoculation dose: 0.1 ml of 10'® CFU/mice 1.P.
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Table 3: Haemolytic characterization of L. monocytogenes isolated from
local raw fish.

Sc;:};cgsof No. of HA+ % Nobf’;;{ni;;:ith A

Horse 20 100 17 85

Sheep 20 100 15 75

’ G. pig 20 100 10 50
- Human 20 100 10 50

The percent was calculated according to the total number of samples (20).

Table 4: Haemolytic titre of L. monocytogenes isolated form local raw

fish.
Type of Complete haemolysis unit Minimal haemolysis unit
haemolysis
Titre 1/8 1/16 1/32 1/256 1/612 1/1224

Species |S|G|H|S |G|H|(S|G|H|S|G|H|S|G|H|S|G|H

+V:sz oj16j16]10|4|4]|10{0f0ofof15]17]10|5]|3|10/0]0
S: sheep G: G pig H: human

Table S: Efficacy of heat treatment on count of L. monocytogenes in

Sardines.

- Count in relation to time
Temp.
10 m 15m 20m

50 3xX 108 310’ 3X 10
' 70 3X 108 15X 10° 4X 10°
. 100 1.5X 10° 3X10° 0
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Table 6: Efficacy of organic acids treatment on count of L.
monocytogenes in Sardines.

Organic : Concentration
acids S 0.5% 1% 2% 5%
30's 3X 10° 3X 10 1.5X 107 1.5X 10°
Acetic acid Im 3X 10° 1.5X 107 6X 10° 1.5X 10° ’
5m 1.5X10° | 1.5X10° 3X10° 2X 10' -
30s 6X 10° 3xX10° 1.5X 107 1.5X 10°
Citric acid I m 3X 10° 1.5X 10’ 6X 10° 15X 10 B
5m 1.5X 10° 1.5X 10° 3X 10 2X 10°
30s 3X 10° 3X 10° 1.5X 10* 1.5X 10
Lactic acid lm 3X 10° 1.5X 10* 6X 10° 1.5X 10
5m 1.5X 10° 1.5X 10° 3% 10F 0
S = seconds m =minutes

Table 7: Efficacy of antimicrobial ice on count of L. monocytogenes in

Sardines.
Time Count
60 m 1.5% 10°
120 m % Bl s
DISCUSSION .

Listeria monocytogenes is of greatest concern from the public
health point of view, consistently associated with human illness and
linked to many outbreaks due to consumption of food. Dalton ef al.
(2004) in their studies about foodborne diseases outbreaks, found that
the most frequently implicated vehicles in the 173 outbreaks were
seafood and L. monocytogenes caused 40% of deaths. ’

The present study dealt with the occurrence of L. monocytogenes
in some local fish including Saurus, Clarias and Sardines. The total
incidence of L. monocytogenes in raw examined fish was 9.3%.

L. monocytogenes was predominated in Clarias (4.19%) followed by
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Saurus (2.79%) then Sardines (2.33%). In relation to the total incidence,
the occurrence of L. monocytogenes differed in the examined fish
species as it was higher (12.86%) in Clarias and lower incidence was
observed in Sardines (7.69%) then Saurus (7.5%) as shown in Table (1).

Many investigators recorded the incidence of L. monocytogenes
in raw fish. Higher values were recorded by Hartemink and Georgsson
(1991) who isolated L. monocytogenes from 25.7% of raw fish samples
while Bianchini et al. (1999) and Hoffman ef al. (2003) recorded 34%
and 14.6%. On the other hand, lower values were recorded by kwiatek
(2004), Thimothe et al. (2004) and Markkula et al. (2005) as the
incidence in raw fish was 1.26%, 3.8% and 4%, respectively. In contrast,
Bacek et al. (2000) reported that no L. monocytogenes was found in salt
water fish and Handa et al. (2005) never isolate L. monocytogenes from
raw fish. Our results are in accordance to large extent with Erdenling er
al. (2000) who found certain type of L. monocytogenes associated with
cat fish fillets might be a risk of listeriosis for human and Naser (2003)
who recorded the presence of L. monocytogenes (8%) in Saurus spp,
This variation in results may be attributed to fish species, transport,
purchased places, country variation and hygienic measures or seasons.

Only limited data are available on the growth characteristics of
L. monocytogenes in naturally contaminated raw fish, so Table (2) deals
with characterization of 20 strains of L. monocytogenes isolated from
some local raw fish. Carbohydrate profiles showed variation in sugar
utilization of dalcite, lactose, maltose, mannitol, starch and xylose, while
glucose, salicin, sucrose, trehalose and rhaminose yielded positive in all
strains. This result is in accordance to Margolles et al. (2000) who
found that all isolates of L. monocytogenes fermented L. thammose and
mannoside, while Hitchins (2003) recoded that L. monocytogenes fail to
utilize xylose and was positive to rhaminose utilization. Van Coillie ef
al. (2004) depended on haemolycin and mannitol, rhaminose and xylose
utilization test in identification and  characterization  of
L. monocytogenes.

Also, tolerance of L. monocytogenes to NaCl that grew at high salt
concentrations ranged from 8% to 20% was observed. The results in the
present study are in accordance with Guyer and Jemmi (1991) and
Margolles er al. (2000) who found that the minimal inhibition
concentration was between 9% and 12% at 37°C for L. monocytogenes
growth. Liu ef al. (2005) recorded that L. monocytogenes strains tested
were resistant to saturated NaCl (40 W/V) for a long time. It is clear
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from this result that high light salt treatment is not sufficient to
eliminate L. monocytogenes from salted food products.

It is obvious form Table (2) that the growth inhibition of
L. monocytogenes in presence of organic acids did not occur within 5
and 10 minutes but occurred after 24 h incubation at 37°C (even with
different concentrations 0.5, 1, 2 and 5%). There were no differences in
the effect among organic acids used for growth inhibition of
L. monocytogenes. Many authors concerned with the effect of organic
acids on growth of L. monocytogenes as Young and Foegeding (1993)
who found that when the initial pH values of acetic and lactic acids
decreased or the total acid concentration increased the growth rates of
L. monocytogenes decreased, the relative inhibition effect was generally
acetic > lactic > citric. Margolles et al. (2000) recorded that the
inhibitory capability of organic acids followed the order citric>
lactic>acetic high level and high concentration being more inhibitory
than low concentration. While Gravesen er al. (2004) said that all
Listeria strains were sensitive to D -lactic acid which gave 0.6-2.2 log
unit greater reduction than L- lactic acid midway in the activation curves

Positive Congo red binding activity and Lecithinase production

were 90% and 85%, respectively. Many authors concerned with Congo
red and Lecithinase production as Nunes and Hofer (1994) who
evaluated Lecithinase production and capacity for Congo red absorption,
presented 51.8% and 88.8% positively rates respectively. Whereas
Delgado-da-Silva er al. (2001) recorded that the percents were 27.5%
and 12.6% respectively.
' The drug susceptibility is one of the important factors of
characterization of L. monocytogenes. It is clear that all isolates were
resistant (100%) to colistin sulphate, enrofloxacin, nalidixic acid and
oxolinic acid, but all strains were susceptible to chloramphenicol (100%)
so is considered the antibiotic of choice, followed by erythromycin
(80%), amoxycillin (75%) then oxytetracycline (70) and ciprofloxacin
(65%).

Lowest number of isolates were sensitive to the remaining
studied antibiotics. These results indicated an increasing incidence of
antibiotic resistant of L. monocytogenes. This could be attributed to the
fact that Listeria may have plasmid encoding antimicrobial resistance.
Also, Vaz-Velho et al. (2001) recorded that 190 isolates of
L. monocytogenes isolated from fresh and cold smoked fish were
susceptible to tetracycline. Poyart- Salmeron et al. (1990) and Hadorn ef
al. (1993) concluded that some strains of L. monocytogenes contain
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plasmid encoding resistance to choramphenicol, erythromycin
tetracycline and streptomycin, while McLauchlin et al. (1997) suggested
that resistance to tetracycline may be useful as an easily recognized
epidemiological marker for L. monocytogenes .

Table (2) clears that all 20 strains could cause
keratoconjunctivities in G. pig and only 16 strains killed the mice within
7 days. The obtained results coincided to large extent with Nunes and
Hofer (1994) who recorded the ability of L. monocytogenes to produce
keratoconjunctivitis in G. pigs and Hitchins (2003) who found that 10*
CFU pathogenic L. monocytogenes caused death usually within 3 days
in mice. The obtained results disagree with Takeuchi et al. (2003) who
observed no deaths of mice inoculated with 10 CFU ,but (20%) to
(40%) of mice died when inoculated with 10° CFU of L. monocytogenes.

Concerning Table (3), it is clear that all strains were haemolytic
(100%) to RBCs of horse, sheep, G. pig and human. Only 85, 75, 50 and
50% showed change in haemolysis with addition of D-mannose in horse,
sheep, G. pig and human respectively. Also, there were variations in
C.H.U. and M.H.U. between strains and species of used RBCs as high
concentration (titre) occurred in sheep followed by G. pigs then human
RBCs as shown in Table (4). Our results are in accordance with
Margolles et al. (2000) who found that L. monocytogenes displayed
haemolytic activity to a variable extent depending on the strain C.H.U
between 0 and 6 while M.H.U between 12 and 96. The synthesis of
haemolysin was correlated with the virulence due to its cytotoxic for
leucocytes.

All strains of L. monocytogenes recovered from fish appeared to
contain most pathoegnic and virulence factor. The trails to control
L. monocytogenes in raw fish including heat treatment were shown in
Table (5). There was direct relation between time of exposure and
degree of temperature on count of L. monocytogenes in Sardines. It was
clear that increasing time of exposure and degree of temperature reduced
count as 100°C for 20 minutes completely eliminated L. monocytogenes,
while at 70°C for 20 minutes only reduced count. On the other hand,
50°C had no effect on count even with increasing time. Our results
agreed to some extent with Autio ef al. (1999) who recorded that use of
hot steam, hot air and hot water seemed to be useful in eliminating L.
monocytogenes, while Thimothe et al. (2002) found that heat treatment
significantly reduced L. monocytogenes contamination of RTE craw fish
meat. Naser (2003) recorded that fish fillets samples that subjected to
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grilling for 6 and 8 minutes gave 4 X 10* and 1.3 X 10 CFU/ g
respectively.

The counts of L. monocytogenes (Table 6) inoculated in Sardine
were affected by treatment with organic acids in used concentrations as
the acid concentration increased the growth rates of L. monocytogenes
decreased. The relative inhibition effect was generally lactic > acetic >
citric acid. The obtained results coincided with that of Zeitoun and
Debevere (1991) who found that the antimicrobial effect of lactic acid
buffer systems pH 3.0 increased with increasing concentration of lactic
acid in the buffer system on chicken leg. Also Pothuri e al. (1996)
studied the effect of lactic acid on growth and survival of
L. monocytogenes in cry fish at concentration of 0.5, 1, 1.5 and 2% and
found that count declined steadily with 2% lactic acid. Naser (2003) said
that citric acid was less effective than acetic acid in controlling
L.monocytogenes in fish fillet samples

It is of interest in this work that low concentration of organic
acids (0.5%) enhanced growth of L. monocytogenes and this is in
accordance with Pothuri et al. (1996) who found that stimulations of
growth by 0.5% lactic acid may be due to utilization of lactic acid as a
carbon and energy sources. Our results indicated the importance of
choosing an adequate concentration of organic acids used for the
decontamination of fish because low concentration could favour the
growth of L. monocytogenes.

The inhibitory action of acetic acid is produced through utilization
of electrochemical ingredient of the cell membrane as well as
"denatutrating protein inside the cell but the microbial effect of citric acid
is partially due to its ability to chelate divalent cations, while lactic acid
penetrate the cell membrane and act by releasing a proton and acidifying
the cytoplasm of the cell.

It is clear from Table (7) that application of antimicrobial ice in
commercial concentration on fish not completely eliminated but reduced
L. monocytogenes count from 1 X 10% to 1.5 X 10° and 2 X 10° after 60
and 120 min exposure respectively.

This is in agreement with Kim et al. (1999) who reported that
treatment with antimicrobial ice up to 200 ppm slightly reduced the
number of mesophilic bacteria. Also Shin et al. (2004) recorded that the
use of antimicrobial ice (100 ppm) on fish skin for 120 min, only
reduced count of L. monocytogenes. There is difference with the study
conducted by Huang et al. (1997) who found that the amount of
antimicrobial ice required to destroy (95%) of gram +ve and gram -ve
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bacteria was 1.3 and 1.18 ppm respectively. This may be attributed to
nature of strains and country difference. Also antimicrobial ice can be
easily used on seafood products as generally stored and displayed on ice,
also maintain a constant level of ClO, gas during melting.

From the results of the present work, it can be concluded the
importance of regular L. monocytogenes testing of raw fish and improve
microbiological quality, good hygienic measure and continuous
disinfection of utensil, shops and markets. We suggest the inactivation
treatments that effectively eliminate L. monocytogenes present in
raw fish by addition of lactic or acetic or citric acid to fish during eating
and / or good grilling of fish. A need of further studies of sensory quality
(appearance odour freshness- texture and freshness of taste) must be
taken in consideration. ,
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