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Abstract: Thirty samples of chicken luncheon and minced chicken (15 samples for each) were collected
from Cairo and Giza supermarkets. The mean values of total aerobic plate count (APC), Bacillus spp. and
Listeria spp. recovered from chicken luncheen were 1.33x107, 7.53x10* and 6.67 CFU/g, respectively.
However these values for minced chicken were 5x10°, 1.4x10"and <100 CFU/g, respectively. The incidence of
Bacillus cereus m chicken luncheon was 53.3% and i minced chicken was 60%. Listeria monocytogenes
was not isolated in chicken luncheon and in minced chichen the microorganisms was found in 6.7%, of the
samples. Toxicity test revealed that two out of 8 and one out of 9 isolates of Bacillus cereus from chicken
luncheon and minced chicken, respectively and one strain of Listeria monocytogenes isolate from minced
chicken presented mice lethal toxin. The D,; value of the two highly toxigenic strains of Bacillus cereus and
Listeria monocytogenes after exposure to gamma urradiation was 1.9 and 0.4 kGy, respectively. Gamima
irradiation had lethality effect on Bacillus cereus and Listeria monocytogenes toxing when 20 kGy was used.
Ten kGy gamma radiation activated both toxins lethality.
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INTRODUCTION

Bacillus cereus 1s a sporeforming, Gram positive,
aerobic, rods bacteria. Tt has been long known as
ubiquitous orgamsm found i air, soil and water [1].
Bacillus cereus is the aetiologic agent of two distinct
types of food poisming characterized either by diarthea
and abdominal pam or by nausea and vomiting after
ingestion of contaminated foods [2].

Listeria monocytogenes 1s an emerging food borne
Gram positive non spore forming bacilli. Tt is
commonly found in soil, water and decaying plant
material. Listeria monocytogenes can survive and grow
over a wide range of environmental conditions as
low pH and high salt

concentration. This allows the pathogen to overcome

refrigeration temperatures,

food preservation and safety barriers and pose a potential
risk to human health. Tt is a frequent post process

contaminant of ready to eat meat products. Listeria
monocytogenes 1s the causative agent of Listeriosis, a
severe disease with high hospitalization and case fatality
rates. The disease has a long incubation time, which
makes 1t difficult to identify the pathogen and trace the
contaminated food [3].

Microorgamisms control in meat products 1s the major
concern 1n the preparation of high quality foods. During
slaughtering process the meat is exposed to many sources
of contammation [4]. The hygienic state of animals prior,
during and after slaughter can be critical to the finished
product quality [5].

Trradiation is known to be the best method for the
control of potentially pathogenic microorganisms in meat
without affecting its physical state [6]. Food wradiation 1s
generally defined as the process in which foods are
exposed to certain forms of iomizing energy from
radioactive sources mainly gamma rays. Cobalt-60 isa

Corresponding Author:

Dr. Dalia A. Zahran, Health Radiation Research Department,

National Center for Radiation Research and Technology, P.O. Box 29 Nasr city, Cairo, Egypt



World Appl. Sci. J., 5 (2): 182-188, 2008

highly penetrating source of ionizing radiation used in
food either fresh or after processing and packaging.
Food safety officials and scientists view irradiation as
an effective pomt in Hazard Analysis and Critical
Control Points (HACCP) established for meat and poultry
processing because of its effectiveness in mimmizing
the possibility of cross-contamination prior to consumer
use [5].

The US Center for Disease Control (CDC) estimated
that if half of the ground beef, pork, poultry and
processed luncheon meats m the UUS were wradiated, there
would be over 880,000 fewer cases of food borne illness,
8500 fewer hospitalizations, 6660 fewer catastrophic
illnesses and 352 lives saved every year [7].

The radiation resistance of a specific organism may
vary according to the enviromment in which it 1s
irrradiated [8]. The D, values (dose of ionizing radiation
required to eliminate 90% of the microorgamsm) of
bacteria in food are affected by a number of factors, such
as water activity, composition, irradiation temperature,
presence of oxygen. In addition, some of the constituents
of complex food system, such as proteins, are thought to
compete with the cells for the mteraction with radiolytic
free radicals, thereby reducing the net effect of radiation
damage and making the organisms sometimes more
radiation resistant [9].

The objective of this study was to evaluate the
microbial load (total aerobic plate count, Bacillus spp. and
Listeria spp.), the incidence of Bacillus cereus, Listeria
monocytogenes 1 some chicken products and the effect
of gamma rays on the dose response curve of both
pathogens and their toxins.

MATERIALS AND METHODS

Sampling: Thirty samples of chicken luncheon and
minced chicken (15 samples each) were bought from
different supermarkets i Cairo and Giza, to determine their
microbial load (total aerobic plate counts, Bacillus spp.
and Listeria spp.) and detect the presence of Bacilfus
cereus and Listeria monocytogenes.

Microbiological Analysis: Twenty five grams of each
sample were homogenized in 225 ml sterile physiclogical
saline solution (0.85% Nacl) using a Stomacher model
400 (Seward laboratory London) for 1-2 minutes, then
decimal dilutions were prepared. Total aerobic plate
counts were enumerated on Plate Count Agar (PCA)
medium [10] using pour plate technique. Bacillus spp.
were counted on Luria broth (L.B) medium and isolation
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of Bacillius cereus was carried out on Mossel’s Bacillus
cereus selective agar (MYP) medium [11] by spread
technique on pre-poured plates which were identified,
according to FDA [12]. Listeria spp. were counted
on Palcam agar (CME77 plus SR 150 Oxoid) while
Listeria monocyfogenes 1solattion was done using
UVM broth 1 (CM 863 plus 142 Oxoid) followed by UVM
2 (CM 863 plus 143 Oxoid) for enrichment and plated on
Palcam agar [13] by spread technique. Suspected colomes
were identified by Gram staining, catalase activity, motility
at 25 and 37°C, P-haemolysis and carbohydrate
fermentation[14].

Pathogenicity Test: Isolated strains of Bacillus cereus
and Listeria monocytogenes together with standard
Bacillus cereus (stram ATCC 11778) and standard
Listeria monocytogenes (strain F 5069 serotype 4b) were
used to prepare a suspension for Bacillus cereus [15] and
for Listeria monocytogenes [14], respectively. Three mice
(18-20g each) for each isolate were injected intravenous in
the tail vemn with 0.1 ml of the bacterial suspension. Three
mice were kept as control and the death rates were
reported.

of all
previously mentioned strains were used to produce
crude toxin according to Shinagawa ef al [16] for

Toxigenicity Test: The pathogenic strains

Bacillus cereus and Walton et al [17] for Listeria
monocytogenes. Hach pathogen was inoculated on
Brain Heart Infusion (BHI) agar slants and mcubated at
37°C for 14-16 h. Then moculate into 20 m1 BHI broth in
100 m! conical flasks on a shaking water bath for 18 h at
37°C. For Bacillus cereus, one ml from the 16 h culture of
each strain was inoculated into 100 ml BHI broth
contaiming 1% glucose (BHIG) in 500 ml corical flasks for
16h at 32°C with continuous shaking. Bacterial cells were
removed by centrifugation at 8000 rpm for 20 min at 4 °C,
followed by filtration of the supernatants through
disposable millipore (0.45 um) filters. The resulting
filtrates were used as crude toxins. A volume of 0.5 ml of
each crude toxin was injected intravenous in the tail vein
of each mouse (18-20g). Three mice were used for each
toxin and the death rates were reported.

Dose Response Curve: The Dy, value was calculated for
the most highly toxigenic strain of Bacillus cereus and
Listeria monocytogenes. Thirty six samples of chicken
luncheon and minced chicken were heat sealed in
polyethylene bags (10g each). The samples were sterilized
using 25 kGy by accelerated electrons (current, 2.1 m A
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and speed 1.6 m/min) in National Center for Radiation
Research and Technology (NCRRT), Cawo, Egypt.
Sterility test was confirmed by aerobic plate counts.
Isolated Bacillus cereus and Listeria monocyfogenes
strains were used for the artificial inoculation. One ml of
the standardized mnoculum was surface moculated m each
sterile sample and left overmght at 4°C. Inoculated
samples were then exposedto 2, 4, 6, 8 and 10 kGy or 0.5,
1, 1.5, 2 and 2.5 kGy gamma urradiation doses for Bacillus
cereus or Listeria monocytogenes, respectively, in
NCRRT (3 samples for each dose), with a dose rate 4.3
kGy/h. The control samples (0.0 kGy) were left
unirradiated. The log number of survivers was plotted
against the absorbed radiation dose in kGy. Linear
regression was applied using Excel program to produce
the best fitting line for each treatment, from which the D,
values were calculated as the reciprocal of the absolute
value of the regression line [18].

Effect of Gamma Rays on Toxin: A volume of 5 ml of
crude toxin of the highly toxigenic strams (Baciflus cereus
strain isolated from chicken Iluncheon, Listeria
monocytogenes stram 1solated from minced chicken and
both standard strains) in screw capped test tubes were
exposed to 10 or 20 kGy gamma irradiation and one tube
from each toxin left umrradiated as control. Then 0.5 ml
from each tube was injected in 3 mice and the death rates

were reported.

RESULTS AND DISCUSSION

Results tabulated in Table 1 revealed the aerobic
plate counts, Bacillus spp. and Listeria spp. counts
contaminating 30 samples of chicken luncheon and
minced chicken (15 samples each). The mean values were
1.33x10%, 7.35x10* and 6.67 CFU/g for chicken luncheon
samples, respectively and 5x10%, 1.4x10" and < 100 CFU/g
for minced chicken samples, respectively. Listeria species
were undetectable (< 100) in all examined samples except
one chicken luncheon sample (1x10* CFU/g) in which by
identification it was other than Listeria monocytogenes.
Zahran [19] previously failed to
monocytogenes 1n chicken luncheon. The total bacterial
count is considered an index of quality which gives an

count Listeria

1dea about the hygienic measures during processing and
helps in the determination of the keeping quality of the
product [20]. High total aerobic plate counts might be
attributed to the contammation of the product from
different sources or unsatisfactory processing as well
as 1t may be due to unsuitable condition during storage
[21-22].

The incidence of Bacillus cereus (Table 2) in chicken
luncheon and minced chicken was 53.3% and 60%,
respectively, while Listeria monocytogenes was only
6.7% of the examined minced chicken samples. Although
Listeria species were undetectable (< 100) in minced
chicken but by isolation there were 5 positive samples

Table 1: Microbial load (CFU ml™!) contaminating chicken luncheon and minced chicken

Chicken luncheon

Minced chicken

Sample APC Bacitius spp. Listeria spp. APC Baciiius spp. Listeriaspp.
1 3.0x107 6.8<10¢ <100 1.5x10° 2.4%104 <100
2 8.6x10° 1.8x1¢¢ <100 8.5x10° 3.2x104 <100
3 8.0x10° 2.0x10° <100 9.6x10° 8.1x104 <100
4 5.9x10° 2.0x10* <100 7.8x10° 3.1x10* <100
5 6.8x10° 1.Ox10* <100 1.0x107 2.5%104 <100
6 5.0x10P 9.0x10° <100 4.0x107 6.0x10° <100
7 2.0x10° 7.0x10¢ <100 8.3x10° 3.9x104 <100
8 7.5%10° 3.4x10¢ <100 1.8x107 5.0x104 <100
9 1.2%1¢7 5.1x1¢¢ <100 8.5x10° 2.8x104 <100
10 3.1x10° 1.2x10° <100 1.0x107 4.0:10* <100
11 1.2x10° 7.1x10* <100 8.9x10° 1.2x10% <100
12 1.5%1¢7 2.7x1¢¢ 1.0x1¢° 1.2x1¢7 2.9x104 <100
13 1.3x10F 3.0x10¢ <100 3.2x107 5.0x104 <100
14 8.0x10P 1.0x1¢° <100 9.1x10° 3.2x104 <100
15 2.0x107 1L1x10° <100 7.5x10° 2.1x104 <100
Mean 1.33x107 7.53x10% 6.67 5.0%10° 1.4x10% <100

APC: Aerobic plate counts <100: undetectable
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Table 2:  Incidence of Bacillus cereus and Listeria monocyviogenes in the
examined samples
Bacillus cereus Listeria monocytogenes
Samples No % No %
Chicken luncheon 8 53.3 0 0.0
Minced chicken 9 60.0 1 6.7

(not tabulated). By identification there was only one
sample (6.7%) containing Listeria monocytogenes and the
other 4 samples were other Listeria species. Hindy [23]
isolated Listeria species from 28% and 20% of chicken
fillet and meat samples, from which 8% and 4% were
Listeria monocytogenes, respectively.

In a study done by Nortje et al. [24], the incidence of
Bacillus cereus was lugher in cooked and processed
(ground beef) meat than in raw meat samples, also its
presence at high levels, indicate a potential risk of
producing toxins.

Bacillus cereus and Listeria monocytogenes are
pathogens generally associated with red meat. Presence
of Listeria monocytogenes might pose problems when
considering its ability to proliferate at moderate to low
temperature (with the risk of producing toxins) [25]. WHO
considers that the primary mechanism of transmission of
Listeria monocytogenes to humans 1s through food stuffs
contaminated during production and/or storage [26].

Pathogenicity and Toxigenicity Test: The injection of the
suspension of Bacillus cereus (8 and 9 isolates from
chicken luncheon and minced chicken, respectively),
Listeria  monocytogenes (one isolate from minced
chicken) and both standard strains revealed that all
isolates were pathogenic resulting in the death of mice
during the first day after mjection (not tabulated). The
toxigenicity  of the tested indicated that
of them (3 Bacillus cereus straing and 1
Listeria monocytogenes strain) were lethal to mice.
Comparing the lethality of the 3 isolated strains of
Bacillus cereus with the standard Bacillus cereus ATCC
11778 and the isolated Listeria monocytogenes strain with

strains
four

the standard Listeria monocytogenes F 5069 serotype 4b
revealed that only one strain Bacillus cereus from chicken
luncheon and the only Listeria monocytogenes strain
1solated from minced chicken were the greatest strams
in toxicity. One of the three mice used for each strain
died immediately after mjection, another one died after
one hour while the third one died overnight, meanwhile
the three of the standard Bacillus cereus

mice
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strain died overnight, while those of the standard
Listeria monocytogenes stram did not die.

Abo-State [27] showed the powerful role of
hemolysin mn the toxicity and virulence of Bacillus cereus
toxin(s). Wong et al. [28] found that 100% of 183 isolates
gave positive hemolysin activity and 3 of 11 selected
1solates showing strong haemolysin activity, killed adult
mice. Garcia-Arribas et al. [29] found that 24 out of
39 Bacillus cereus strains gave positive mice lethal test.
All tested strains possessed phospholipase activity.

The pathogenicity and toxigenicity, m mice of tested
strains indicated the difference among the strains. This
difference might be attributed to the difference in
virulence of strains or to the immumty of the mice.
Goepfert et al. [30] indicated that when the generalized
infection dose occurred, it was possible that the host was
in a weakened condition and unable to defend itself
against the invading cells.

The Dose Response Curves: The dose response curves of
survivors were done for the two highly toxigenic strains
of Bacillus cereus isolated from chicken luncheon and
Listeria monocytogenes 1solated from minced chicken
after exposure to different gamma irradiation doses
(Fig. 1, 2). The D, values for Bacillus cereus and
Listeria monocytogenes was 1.9 kGy and 0.4 kGy,
respectively. These results were in agreement with Abd
El-Hady [31] who found that the D ; values of 3 strains of
Bacillus cereus were 2.3, 2.2 and 2.0 kGy, while Abo-State
[32] found that the Dy, value was 1.5 kGy. On the other
hand, the D, value of Bacillus cereus in marmated
beef ribs was 0.66+0.01 kGy [4], in roast beef meal
components was 0.1 26-0.288 kGy [33], while in semi-dried
seafood products was 0.64 kGy [34].

[35] investigated the sensitivity of
Listeria monocytogenes on poultry meat finding that the
Dy, value was 0.42-0.55 kGy depending on the strain and

Patterson

plating medium used. Sommers ef al. [36] obtamned a D,
value of 0.6 kGy for Listeria monocytogenes surface
inoculated onto frankfurters. At the same time, Sommers
and Thayer [37] found it from 0.49 to 0.71 kGy with a mean
value of 0.6]1 kGy. They speculated that product
formulation and surface treatments were responsible for
those differences. Conversely, Listeria monocytogenes
has a D ;value of 0.2-2.0 kGy depending on the stram,
substrate and culture conditions [38].

The importance of the D;; value 1s that it leads to a
prediction of the dose required to inactivate any
microorganism. Thayer et al. [39] reported that reduced
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Fig. 1: Dose response curve of highly toxigenic Bacillus cereus 1solated from chicken luncheon
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Fig. 2: Dose response curve of lighly toxigenic Listeria mono

water content or increased NaCl levels may result in the
survival levels of the foodbome pathogens of wradiated
meat to be greater than expected. Although [40] reported
that gamma wrradiation 1s not very effective agamst gram
positive spore forming bacteria. Like Bacillus cereus and
Clostridium spp. Shay ef al. [41] required a 2-5 kGy dose
of irradiation to destroy the vegetative bacteria of
Bacillus A dogse of 2 kGy gamma
wradiation decreased growth and toxin production by

cereus.

Bacillus cereus in roast beef and gravy at abuse
temperatures of 15 and 22°C[33]. While, Samelis et al. [38]
suggested that 4 kGy may be sufficient to eliminate low
levels (< 100 cellg™) of natural contamination with
Listeria monocytogenes on meat.

Thayer and Boyd [2] stated that controlling
stationary phase cells and endospores may be more
important for food safety than controlling logarithmic
phase cells because of the high radiation resistance of the
endospore and because the stationary phase would
probably be reached in most abused foods.
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ose

cytogenes 1solated from minced chicken

Effect of Gamma Rays on Toxins: After exposing the
crude toxin of the highly toxigemc Bacillus cereus and
Listeria monocytogenes strains to 10 kGy gamma
radiation, two of the three mice used for each strain died
immediately after injection, while the third one died within
one hour. However the unirradiated control of each strain
died within 16 hours. Meanwhile, the two crude toxins
exposed to 20 kGy when injected in mice, one died
immediately after inyjection, while the two others died
within 14-16 hours. The results indicated that exposure to
10 kGy gamma irradiation did not affect the toxicity of
toxins, Bacillus cereus toxin, but it activated its toxicity.
Kamat et al. [42] reported a similar result that gamma
irradiation
lethality.
Finally, food wradiation can not be used to destroy
microbial toxing nor viruses and spores at the low doses

had no effect on Bacillus cereus toxin

used to kill vegetative pathogens (below 10 kGy). It must
be integrated as part of an overall good manufacturing
practice program [5].



World Appl. Sci. J., 5 (2): 182-188, 2008

ACKNOWLEDGMENT

We gratefully like to thank Prof. Mervat Abo-State

for her scientific help and cooperation, also for providing
Bacillus cereus strain ATCC 11778.

10.

11.

12.

13.

REFERENCES

Claus, D. and R. C'W. Berkeley, 1986. Genus Bacillus.
Sneath, PH.H., N.S., Mair, M.E. Sarpe and I.C. Holt,
(Eds.), Bergey’'s Manual of Systematic Bacteriology.
Vol. T, 9 Edn. Williams and Wilkins, Baltimore,
pp: 1105-1139.

Thayer, DW. and G. Boyd, 1994. Control of
enterotoxic Bacillus ceretts on poultry or red meats
and in beef gravy by gamma uradiation. J. Food Prot.,
57: 758-764.

Gandh, M. and M. Chikindas, 2007. Listeria: A
foodbome pathogen that knows how to survive.
Int. I. Food Microbiol., 113: 1-15.

Jo, C, N.Y. Lee, H]. Kang, D.H. Shin and
M.W. Byun, 2004
pathogens i marinated beef r1ib by 1omzing radiation.
Food Microbiol., 21: 543-548.

Satin, M., 2002. Use of wradiation for microbial
decontamination of meat: situation and perspectives.
Meat Sci., 62: 277-283.

Gants, R., 1998. Irradiation: Weighing the risks and
benefits. Meat Poult., pp: 34-42.

Anonymous, 2003. Irradiation enhances food safety
and quality. Food Prot. Trends, 23: 573-574.
Tallentire, A., 1980. The spectrum of microbial
radiation sensitivity. Radiat. Phys. Chem., 15: 83-89.
Urbain, W.M., 1986. Biological effects of ionizing
radiation. In: Food imradiation. Food Science and

Inactivation of foodborne

Technology Series. Academic Press, London,
pp: 83-117.

APHA, 1992. Compendium of methods for the
microbiclogical examination (3* Edn.). Washington:
American Public Health Association.

Mossel, D.A A, M.J. Koopman and E. Jongerius,
1967. Enumeration of Bacillus cereus m foods.
Appl. Microbiol., 15: 650-653.

FDA "Food and Drug Administration”, 2001.
Bacteriological Analytical Manual. E.J. Rhodhehamel
and S.M. Harmon, Chapter 14.

Jemmi, T. and A. Keusch, 1994. Occurrence of
Listeria monocytogenes in freshwater fish farms and

fish-smoking plants. Food Microbiol., 11: 309-316.

187

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

FDA "Food and Drug Administration”, 2003,
Bacteriological Analytical Mamual, A.D. Hitchins,
Chapter 10.

Burden, K. L., I.S. Davis and RD. Wende, 1967.
Experimental infection of mice with Bacillus cereus:
Studies of pathogenesis and pathogenic changes.
I. Infect. Di1s., 117: 307-316.

Shinagawa, K., K. Ichikawa, N. Matsusaka and
S. Sugi, 1991. Purification and some properties of
Bacillus cereus mouse lethal toxin. J. Vet. Med. Sci.,
53: 469-474

Walton, CM., HW. Catherine and Y.W. George,
1999. A method for purification of listeriolysin O from
a hypersecretor strain of Listeria monocytogenes.
Protein Expression and Purification, 15: 243-245.
Lopez-Gonzalez, V., S.M. Peter, EB. Robert and
A M. Elsa, 1999. Influence of various commercial
packaging conditions on survival of Escherichia coli
0157 H7 to wradiation by electron beam versus
gamma rays. J. Food Prot., 62: 10-15.

Zahran, D.A., 2004. Using gamma irradiation as an
option for controlling bacteria contaminating
some foods of ammal origin. PhD., Thesis, Fac.
Vet. Med., Zagazig Univ. (Banha Branch), Banha,
Egypt.

Aberle, ED., I. Fortest, D.E. Gerrard and E'W. Malls,
2001. Principles of Meat Science (4* Edn). Hunt
Publishing Co., Kendall, USA.

TCMSF, 1980. Factors affecting life and death of
microorgamsms. [n: Microbial Ecology of Foods,
Volume I, Academic Press, New York.

Cox, N.A., SM. Russell and 1.5, Bailey, 1998. The
microbiology of stored poultry. In: Microbiology of
Meat and Poultry. Davies, A. and R. Board (Eds.).
Blackie Academic and Proffessional, pp: 266-287.
Hindy, B.A., 2006. Further studies on Listeria
organisms. Ph.D., Thesis, Fac. Vet. Med., Cairo
University, Egypt.

Nortje, G.I.., S.M. Vorster, R P. Greebe and P.L.. Steyn,
1999. Occurrence of Bacillus cereus and Yersinia
enterocolitica in South African retail meats. Food
Microbiol., 16: 213-217.

Nel, 3., J.F.R. Lues, EM. Buys and P. Venter, 2004.
Bacterial populations associated with meat from the
deboning room of a high throughput red meat
abattoir. Meat Sci., 66: 667-674.

Soriano, ] M., H. Rico, I.C. Moelto and J. Manes, 2001.
Listeria species in raw and ready to eat foods from
restaurants. J. Food Prot., 64: 551-553.



27.

28.

29.

30.

31.

32.

33

34

35.

World Appl. Sci. J., 5 (2): 182-188, 2008

Abo-State, MAM., 1996 Study of genetic
background and effect of radiation on toxin
production by Bacillus cereus. Ph.D Thesis, Fac.
Sci., Cairo Umversity., Egypt.

Wong, H., M. Chang and J. Fan, 1988. Incidence and
characterization of  Bacillus
contaminating dairy products. Appl.
Microbiol., 54: 699-702.

Garcia Ammbas, M.L., C.J. Plaza, M.C. Rosa and
M.A. Mosso, 1988. Characterization of Bacillus
cereus strains 1solated from drugs and evaluation of
their toxins. T. Appl. Bacteriol., 64: 257-264.
Goepfert, IM., WM. Spira and HU. Kim, 1972.
Bacillus cereus food poisoning orgamsm: A review.
T. Milk Food Technol., 35: 213-227.

Abd El-Hady, H.N., 1993, Resistance induced in some
isolates of bacteria due to repeated exposure to

cereus 1solates

Enviom.

gamma iradiation. M. Sc. Thesis, Fac. Sci., Am Shams
University, Egypt.

Abo-State, M.A M., 1991 . Control of Bacillus cereus
1solated from certain foods. M. Sc. Thesis, Fac. Sci,,
Cairo University, Egypt.

Grant, LR., CR. Mixon and M.F. Patterson, 1993.
Effect of low dose irradiation on growth and toxin
production by  Staphylococcus — aureus and
Bacillus cereus in roast beef and gravy. Int. J. Food
Microbiol., 18: 25-36.

Chawla, SP, DH. Jo, C. Kun, J'W. Lee and
M.W. Byun, 2003. Effect of gamma irradiation on
survival  of pathogens i kwanegi, a korean
traditional semi-dried seafoof products. T. Food Prot.,
60: 2093-2096.

Patterson. M.F., 1989 Sensitivity of Listeria
monocytogenes to irradiation on poultry meat and in
phosphate buffered saline. Latt. Appl. Microbiol.,
8: 181-184.

188

36.

37.

38.

39.

40.

41.

42.

Sommers, CH., X. Fan, A. Phillip Handel and
K.B. Sokorai, 2003. Effect of citric on the radiation
resistance of Listeria monocytogenes and frankfurter
quality factors. Meat Sci., 63: 407-415.

Sommers, C.H. and D.W. Thayer, 2000. Survival of
surface moculated Listeria monocytogenes on
commercially available frankfirters following gamma
irradiation. J. Food Safety, 20: 127-137.

Samelis, T., A. Kakour, I. N. Savvaidis, K. Rjganakos
and M.G. Kontominas, 2005. Use of ionizing radiation
doses of 2 and 4 kGy to control Listeria spp. and
Escherichia coli O157:H7 on frozen meat trimmings
used for dry fermented sausage production. Meat
Sci., 70: 189-195.

Thayer, D.W., G. Boyd, I.B. Fox and I.. Lakritz, 1995.
Effects of NaCl, sucrose and water content on the
survival of Salmonella typhimurium on irradiated
pork and chicken. J. Food Prot., 58: 490-496.

Bhide, MR., AM. Paturkar, A.T. Sherikar and
V.S. Waskar, 2001. of
microorganisms by acid treatments to low dose
gamma irradiation with special reference
Bacilus cereus. Meat Sci., 58 253-258.

Shay, B.Y., AF. Eganand P.A Wills, 1988. The use of
irradiation for extending the storage life of fresh and
processed meat. Food Technol., 40: 310-313.

Kamat, A.S., SP. Nene, D.P. Nerkar and
G.B. Nadkarni, 1987. The nature of toxins produced
by Bacillus cerers BIS-59. J. Food Safety, 8: 71-81.

Presensitization

to



