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ABSTRACT

A total of 60 Egyptian processed meat samples, categorized as 30 raw samples (10
every of frozen packaged ground beef, buichers’ ground beef and frozen packaged beef
sausage] besides 30 cooked samples (10 each of fried beef sausage, beef luncheon
and fried hamburger) purchased from supermarkets, buichers’ shops and restaurants
in Mansoura city-Egypt, were subjected for both phenotypic and genotypic bacteriologi-
cal analyses. The former analysis was done at the laboratory of Food Hygiene and
Control Department, Faculty of Veterinary Medicine, Mansoura University, Egypt, while
the latter works were conducted at the Depariment of Bacterial Infections, Research In-
stitute for Microbial Diseases, Osaka University, Osaka, Japan.

Plates of plate count agar revealed the presence of aerobic mesophiles in the tis-
sues of all surveyed raw and cooked samples. Whilst the Enterobacteriaceae organ-
isms were detected in 30%-80% of raw processed meat samples, besides 30% every of
beef luncheon and fried hamburger samples, meanwhile fried beef sausage samples,
the violet red bile glucose.agar plates could not detect such organisms in their tissues.
Concerning the occurrence of coagulase-positive Staphylococcus aureus organisms, the
plates of Baird-Parker agar combined with coagulase test {tube method} showed 30%,
80% and 60% incidence of this organism in frozen packaged ground beef, butchers’
grourud beef and frozen packaged beef sausage, in addition to 30%, 40% and 20% were
obtained in fried beef sausage, beef luncheon and fried hamburger samples, respec-
tively. Furthermore, the tissues of raw processed meats exhibited the presence of Bacil-
lus cereus organisms by a prevalence of 60-909%, whereas, cooked processed ones pos-
sessed H0-90%, after their suspension being inoculated onto the dried surface of plates
of mannitol egg-yolk polymyxin agar.

The aforementioned agar plates showed the bacterial counts per gram of sur-
veyed Egyptian raw and cooked processed meats as 109 - 2.8x109 with a mean of
1.3x108 - 8.5x108 and 3x10% - 7.2x107 with an average of 4.7x10° - 2.6x107 aerobic
mesophilic organisms; 10% - 2.6x10% with a mean of 1.3x104 - 5.8x10° and 5x102 -
7x10% with an average of 2.8x103 - 4.1x103 Enterobacteriaceae organisms; 1.6x102 -
2x10° with a mean of 8.5x102 - 6x10% and 102 - 1.5x10% with an average of 2.4x102 -
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6.8x103 S. aureus "coagulase-positive” organisms; besides 6x102 - 5.1x10° with a
mean of 1.2x10% - 10° and 103 - 1.1_10° with an average of 1.2x10% - 5.3x10% B. cere-
us organisms, consecutively.

Microbiological risk assessment of tested processed meats, through comparing dif
Jerent bacterial populations contained in their tissues with the corresponding recom-
mended limits resulted in 90-100% of cooked (ready-to-eat} processed meat samples, in
addition to 40 - 70% of raw ones exceeded the recommended limifs of aerobic meso-
philes (104 - 105 organisms per gram for cooked and 107 organisms per gram for raw
meats). None of the cooked meats was contaminated with Enterobacteriaceae organ-
isms by leveis more than the recommended limit (104 per gram). Additionally, out of the
examined cooked processed meats, 40% beef luncheon and 10% fried hamburger be-
sides none of fried beef sausage samples contained S. aureus "coagulase-positive” or-
ganisms by populations more than the recommended limit (103 per gram), on the other
hand, the analyzed raw meats exhibited 30% frozen packaged beef sausage, 20%
butchers’ ground beef and none of frozen packaged ground beef samples harbored the
same organisms by levels more than the recommended limit (104 per gram). Finally,
10% samples each of beef luncheon and fried hamburger were contaminated with B.
cereus organisms by levels more than the recommended limit (<10% per gram), while
none of fried beef sausage samples exceeded such limit.

A sum of 67 bacterial strains, isolated from both raw and cooked processed meat
samples, distributed as 13 strains recovered from frozen packaged ground beef, 16
from butchers’ ground beef and 25 from frozen packaged beef sausage, in addition to 2
Jrom fried beef sausage, 8 from beef luncheon besides 3 strains_from fried harmburger
samples. Phenotypic (conventional) and genotypic (16S rRNA gene sequencing) analy-
ses of these bacteria identified them as 13 Escherichia coli; 7 Enterobacter hormaechet;
8 strains each of Enterobacter cloacae and Pseudomonas aeruginosa; 5 Enterobacter
sakazakii; 3 strains every of Enterobacter aerogenes, Enterococcus faecalis and Pseu-
domonas stutzeri; 2 strains each of Bacillus cereus, Bacillus licheniformis, Bacillus
subtilis, Citrobacter freundit and Enterococcus faeciur; besides one strain every of En-
terobacter asburiae, Pantoea agglomerans, Proteus mirabills, Serratia marcescens,
Staphylococcus aureus, Staphylococcus cohnii and Staphylococcus xylosus.

INTRODUCTION magnesium.

66

Processed meats are considered an excel-
lent source of high quality proteins containing
a good balance of essential amino acids and
having a high biological value, a good source
of most B-complex vitamins and also contrib-
ute significant levels of minerals including
iron, copper, zinc, sodium, potassium and
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Risk assessment denotes the scientific
evaluation of known or potential adverse
health effects resulting from human exposure
to foodborne hazards. Risk from ricrobiologi-
cal hazards is of immediate and serlous con-
cern to human health. One of the difficulties
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associated with microbiological risk assess-
ment is in determining the number of micro-
organisms in food at given time, i.e. estimat-
ing the exposure of an individual to the
microorganism. The numbers of bacteria in
food can be changed at all stages of food pro-
duction and processing depending on the na-
ture of the food and the way it is handled,
stored and processed (Walls and Scott,
1997).

Accurate identification of bacterial isolates
is an essential task for microbiological labora-
tories. Traditional phenotypic identification is
difficult and time-consuming, and when phe-
notypic methods are used to identify bacteria,
interpretation of test results can involve a
substantial amount of subjective judgement
requires the recognition of differences in mor-
phology, growth, enzymatic activity, and me-
tabolism to define genera and species. Pheno-
typic variability among strains belonging to
the same species also results in some bacteri-
al isolates presenting characteristics that are
atypical for identification. To get around the
pitfalls of the conventional methods, identifi-
cation techniques based on nucleic acid am-
plification may offer a good alternative. Full
and partial 16S rRNA gene sequencing meth-
ods have emerged as useful tools for identify-
ing phenotypically aberrant microorganisms
as it is a more objective identification tool, un-
affected by phenotypic variation or technolo-
gist bias, and has the potential to reduce la-
boratory errors (Petti et al., 2009).

Therefore, the overall objectives of this
work were intended to assess the microbiolog-
ical risk in some popular Egyptian processed
meats comprising ground beef, beef sausage,
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hamburger and beef luncheon through: {1) es-
timating the total bacterial counts of aerobic
mesophiles, Enterobacteriaceae, S, aureus
"coagulase-positives" and B. cereus per each
gram of the examined processed meats and
(2} accurate identification of isolated bacteria
by using 165 rRNA gene sequencing.

MATERIALS AND METHODS

A total of 60 Egyptian processed meat
samples, categorized as 30 raw samples (10
every of frozen packaged ground beef, butch-
ers' ground beef and frozen packaged beef
sausage) besides 30 cooked samples (10 each
of frled heef sausage, beef luncheon and
fried hamburger) purchased from supermar-
kets, butchers’ shops and restaurants in
Mansoura city, Egypt. Each sample was ap-
proximately represented by 100 grams. Each
of all samples was aseptically packed into a
polyethylene bag then marked and trans-
ferred -in icebox with a mintmum of delay- to
the laboratory of Food Hyglene and Conirol
Department, Faculty of Veterinary Medicine,
Mansoura University, wherein the preliminary
bacteriological analyses were done.

[A] Preliminary bacteriological analyses
{in Egypt):

Ten grams from each processed meat sam-
ple were homogenized with 90 ml of 0.1%
sterile peptone water (Oxoid CMOCO9) for 1
min in a laboratory blender for obtaining an
original dilution of 1:10, from which serial di-
lutions were prepared (AOAC, 1990), for the
following analyses:

(1) Aerobic plate count {ICMSF, 1978):

A tenth ml from each prepared serial dilu-
tion was transferred and evenly spread over a
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dry surface of duplicated, previously prepared
sterile plate count agar medium (Oxoid
CMO0325). The surface of inoculated plates
was allowed to dry for 15 min before being
placed inverted with control plates in the in-
cubator adjusted at 300C for 48 h. The bacte-
rial colonies were enumerated and the aerobic
plate count per gram of the examined sample
was then caiculated and recorded.

{2) Enterobacteriaceae count (ISO,

1993a):

Duplicated sets of sterile Petri dishes were
inoculated with 1-ml amounts of the chosen
range of prepared dilutions. A quantity of
about 15ml of violet red bile glucose agar (Ox-
oid CM0485), melted and cooled to 45°C, was
added to each inoculated Petri dish, then
mixed well and allowed to set. Another 5 ml of
the same agar/temperature was finally over-
lain every plate, which left to solidify. then in-
cubated at 30°C for 24 h. Typical colonies of
Enterobacteriaceae {red suwrrounded by pre-
cipitation of bile salts in the medium and hav-
ing 0.5 mm or more in diameter) were enu-
merated and the Enterobacteriaceae count
per gram of the examined sample was calcu-
lated and recorded.

(3) Staphylococcus aureus "coagulase-
positive" count (AOAC, 1984):

From the previously prepared serial dilu-
tions, 0.2 ml from selected dilutions were
transferred and evenly spread onto dried sur-
faces of duplicate plates of Baird-Parker selec-
tive agar (Oxoid CM0275) with egg-yolk tellur-
ite emulsion, then incubated at 37°C for 48 h.
Colonies exhibiting typical morphology, grey-
black to jet-black, circular, smooth, convex,
2-3 mm in diameter with a narrow white en-
tire margin and may show an opague zone
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surrounded by a zone of clearing extended 2-
5 mm in the opaque medium, were considered
a presumptive S. aureus. The top part of flve
suspected colonies was picked up and inocu-
lated into test tubes containing 5 mli of sterile
brain heart infusion broth (Oxoid CM0225)
then incubated at 37°C for up to 24 h for blo-
chemical confirmation and coagulase test
then the coagulase-positive S. aureus count
per gram of the examined sample was calcu-
lated and recorded.

(4) Bacillus cereus count (ISO, 1993b):

From each prepared serial dilutions, 0.1 ml
was aseptically transferred and evenly spread
onto dried surfaces of duplicate plates of ster-
{le mannitol egg-yolk polymyxin agar (MYP,
Oxoid CMO0929) (Polymyxin B supplement,
Oxoid SRO099E) then incubated at 30°C for
24-48 h. The typical colonies (dry, rough sur-
face with a pink to purple base and surround-
ed by a ring of dense precipitate} were enu-
merated. The typical colonies were picked up
and spread on nutrient agar slopes then incu-
bated at 37°C for 24 h for confirmation then
B. cereus count per gram of the examined
samples was calculated and recorded.

[B] Confirmatory bacteriological analy-
ses by genotyping "16s rRNA gene se-
quencing” (in Osaka/Japan):

These analyses were taken place at Depart-
ment of Bacterial Infections, Research Insti-
tute for Microbial Diseases, Osaka University,
Osaka, Japan, for accurate identification of
the whole aforementioned bacterial strains -
isolated from the surveyed Egyptian pro-
cessed meats- by the aid of reference strains
of Cronobacter sakazakii (RIMD0377001). A
sum of 67 different bacterial strains, picked
up from the different agar plates after being
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recovered from the tissues of surveyed sam-
ples of both raw and cooked processed meats,
distributed as 13 strains recovered from fro-
zen packaged ground beef, 16 from butchers’
ground beef and 25 from frozen packaged beef
sausage, in addition to 2 strains each of fried
beef sausage, 8 from beef luncheon besides 3
strains from frled hamburger samples, were
analyzed by partial 165 rRNA gene sequenc-
ing (Hall et al.,, 2003) using 16S-1 primer
(5° - CAGGAAACAGCTATGACCGSITRAIRCA
TGCAAGTCG-3) and 16S-2 primer (5°-
TATTACCGCRGCTGCTGG-37), by the ald of
DNA thermal cycler [GeneAmp® PCR System
9700 (Applied Biosystems, USA]]. In a 200ul-
PCR tube, a total of 25ui PCR mixture consist-
ed of 14.75pl distilled water, 5ul 10x PCR buf-
fer, 2.5ul deoxyribonucieotide triphosphate
(dNTPs} mixture, 0.25ul each of, 2pl DNA tem-
plate (extracted from each strain) and 0.25ul
ExTag DNA polymerase (Takara, Japan), were
placed then subjected for a temperature pro-
gram Involved the initlal denaturation of the
DNA template at 94°C for 2 min, followed by
30 cycles; every of them comprised the dena-
turation at 94°C for 30 s, primer annealing at
559C for 30 s and synthesis of complementary
chain at 72°C for 45 s, then ended by an ad-
ditional extension at 72°C for 5 min. The am-
plified DNA fragments or amplicons (about
770 base pairs} were subjected to electropho-

Figure (1} Agarose gel clectrophoresis ol polyme-
rase chain reaction products obtained
using DNA extracted from pure cul-
tures identiffed using partial (770 bp)
165 rRNA gene sequencing, lane M:
DNA 100 bp marker, lane 1: positive
conlrol (Cronobacter sakazalkii refer-
ence strain RIMD ©377001), lane 2-6:
Different bacterial strains obtained
from processed meats.
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resis in 1.5% Agarose gel, stained for 30 min
in ethidium bromide solution [0.5ug/mi),

viewed under a UV Transilluminator having a
wave length of 302nm (BloDoc-It Systems)
{Figure,1); then each DNA [ragment, was ex-
cised with its agarose gel and subjected for
purification wusing @lAquick Gel Extraction
Kit (Qiagen, Germany) then sibjected for
nucleotide sequencing by the ald of ABI
Prism 3100 DNA Sequencer [Applied Biosys-
tems, USA) according to standard protocol
for cycle sequencing. The resultant partial
16S rRNA dene sequences were compared
with those avallable in the online GenBank
database.The mean length of the sequences
was 700+ 60 nucleotides. Identification of 67
bacterlal isolates into species level was de-
fined as a 165 rRNA sequence similarity of
299% with that of the protolype strain se-
guence in GenBank, whilst genus-level identi-
fication was defined as a 165 rRNA sequence
similarity of >87% with that of the prototype
strain sequence in GenBank. A failure to
identlfy was defined as a 165 rRNA sequence
similarity score of lower than 97% with those
deposited in GenBank (S8tackebrandi and
Goebel, 1994).

The data obtained in this study were statis-
tically analyzed according to methods de-
scribed by Snedecor {1971}.

B

bp
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RESULTS & DISCUSSION

Presence of different bacterial populations
in tested both 3 types of raw and 3 types of
cooked Egyptian processed meats (10 samples
for each type) was described in Table (1) that
denotes the contamination of all surveyed raw
and cocked samples with aerobic mesophiles
(100% each), whilst the occurrence of Entero-
bacterlaceae organisms were represented by
all types of raw meats where found in 80%
frozen packaged beef sausage, 60% butchers'
ground beef and 30% frozen packaged ground
beef samples, meanwhile such occurrence
was only limited to 30% samples each of beef
luncheon and fried hamburger among the
surveyed types of cooked meats. Similarly, the
coagulase-positive organisms of S.
were detected In raw meats by extremely high-
er prevalence than that found in cooked ones,
as 80% butchers’' ground beef, besides 60%
and 30% in frozen packaged beef sausage and
frozen packaged ground beef samples, re-
spectively, while this bacterial contamination
was restricted to 40% beef luncheon, 30%
fried beef sausage and 20% fried hamburger
samples. Additionally, the percentages of B.
cereus-contaminated samples of raw meats
were moderately higher than those of cooked
ones, as represented for raw meats by 90%
each of frozen packaged ground beef and fro-
zen packaged beef sausage, besides 60% of
butchers’ ground beef, whilst these percent-
ages for cooked meats were represented by
90% fried hamburger in addition to 50% each
of fried beef sausage and beef luncheon sam-
ples.

aureus

Inevitable contamination with aercbic mes-
ophilic bacteria. detected in all tissues of sur-
veyed both raw and cooked meat samples,
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can be explained by the literatures of Dickson
and Anderson (1992} who emphasized that
carcass surfaces often become heavily con-
taminated during dressing, even with using a
current slaughterhouse technology, in addi-
tion to the declaration of Doyle et al. (2001)
which mentioned that the microorganisms in
processed meats originate not only from the
meat itself, but also from the non-meat ingre-
dients like spices, fillers and salts. The num-
bers and percentages of both Entercbacteria-
ceae- and S. aureus- contaminated raw
samples were almost equal as well as fewer
than that of B. cereus-contaminated raw ones;
these findings may be attributed to the mult-
ple sources of processed meats contamination
with the latter organisms as Varnam and
Evans (1991) mentioned that the meat addi-
tives -like spices and fillers- contribute in the
high incidence of processed meats contamina-
tion with B. cereus organisms. Viewing the
Enterobacteriaceae and S. aureus contami-
nants in both types of surveyed ground beef
samples, they were detected in more -
manually prepared- butchers’ ground beef
samples than that determined in frozen pack-
aged ground beef; these results agree with lit-
erature of Dworkin et al. (2006) which em-
phasized the food handlers -particularly those
having infected cuts and sores- besides uten-
sils, air, soll and water are considered among
the major sources of meat contamination with
these organisms during manufacturing, pack-
aging and marketing. Furthermore, the occur-
rence of non-sporeforming Enterobacteriaceae
and S. aureus organisms in cooked samples
was clearly lower than that detected for spore-
forming B. cereus organisms in the same sam-
ples; these results is expected owing to the
high thermal resistance of bacterlal spores
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against cooking temperatures (Frazier and
Westhoff, 1988).

Comparing the incidence of different bacte-
rial populations -in raw processed meats- ob-
tained in this work with those determined by
other workers, higher incidence of Enterobac-
terlaceae organisms (100%) were detected in
both ground beef and sausage samples by
Lotfi et al. (1986) and Oteiza et al. (2006).
in addition to S. aureus "coagulase-positive"”
organisms were recovered from 24.7%-38.3%
ground beef samples (El-Gohary, 1993 and
Kaldes et al., 1994), also Abd El-Aziz (1987)
recognized such organisms in 75% of ground
beef samples, nearly similar to that obtained
in surveyed butchers' ground beef. Higher
prevalence of S. aureus organisms in raw
fresh and ground beef samples were reported
by Roushdy et al. (1883} as 100% and in raw
sausage samples by El-Nawawy and Nouman
(1981) as 76%, whilst lower incidence of such
contaminants were estimated by Abd El-
Monem (1998) and Malicki and Bruzewicz
(2008) in raw ground beef as 0.8%-20%, as
well as by El-Gohary (1993), Ouf (2001) and
Hamouda (2005) in raw sausage as 10-48%,
besides, Youssef et al. (1985) and Gergis
(2005) who could deiect these organisms in
60% and 47% of raw ground beef samples,
consecutively; both findings were higher than
those obtained in frozen packaged ground
beef but lower than found in butchers' ground
beef sampies, however Oteiza et al. {2006)
could not isolate such contaminants from 100
Argentina raw sausage samples.

Concerning the percentages of B. cereus-

contaminated samples among raw processed
meats, detected by other researchers in rela-
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tlon to those calculated in the present study,
almost equal percentages of contaminated
ground beef samples -similar to that obtained
in frozen packaged ground beef- (72% and
74%) were estimated by Eldaly et al. (1988)
and Lotfi et al. (1988), respectively as well as
similar to that found in butchers' ground beef
(52%-58%) were reported by El-Scyed et al.
(1999), Hassan (2001) and Hamouda (2005)
in addition to approximately identical B. cere-
us-contaminated samples of raw sausage
(80% and 84%) were evaluated by El-Ghamry
(2004) and Hamouda (2008), whiist lower
percentages of B. cereus-contaminated sam-
ples were recognized by Hafez et al. (1990)
and Hassan (1991} as 5.75%-35% in both
raw fresh and ground beef; by Eldaly et al.
(1988), Nortje et al. (1999), and EIl-
Mossalami (2003) as 9.8%-60% in raw sau-
sage; however, Nortje et al. (1999) could not
detect B. cereus organisms in 51 ground beef
samples.

The prevalence of different bacterial popu-
lations in tested samples of cocked processed
meats was at the top (100%} for aerobic meso-
philes, followed by 50%-90% samples for B.
cereus, then coagulase-positive organisms of
5. aureus (0%-40% samples) and Enterobac-
teriaceae (20%-80% samples). These findings
agreed with those reported in many litera-
tures; as ICMSF (1978) and Kiss (1984)
mentioned that the high incldence of bacterial
contamination in processed meats indicate
heavily contaminated raw materials and/or
unsanitary processing besides improper time-
temperature storage conditions. Furthermore,
representation of Enterobacteriaceae contami-
nation by 30% of examined samples of both

"beef luncheon and fried hamburger can be
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explained by the declaration of Doyle et al.
{2001) who emphasized that some members
of Enterobacteriaceae organisms can survive
heat treatment of foods. Also, presence of S.
aureus organisms in cooked meat samples in-
dicates a poor sanitatlion of such meats be-
cause those organisms arc highly vulnerable
to destruction by heat treatment and approxd-
mately all sanitizers (FDA, 1998). S. aureus-
contaminated samples in ground beef (55.6%)
were estimated by Tavakoli and Riazipour
(2008), whereas lower contaminated samples
(8%96-15%) were evaluated in beef luncheon by
(Abd El-All, 1993; Ouf, 2001 and Hamouda,
2005), however, Hemeida et al. (1986) could
not recover these 3. aureus organisms from
any sample of locally-manufactured beef
luncheon. Furthermore, almost equal B. cere-
us-contaminated samples were obtained by
Lotfi et al. (1988) as 48% of beef luncheon,
meanwhile higher contamiriated samples
(70% and 80%) of beef luncheon were recog-
nized by El-Ghamry (2004) and Hamouda
(2008), respectively besides lower contami-
nated samples (22% and 48%) of ready-to-eat
hamburger were determined by Shinagawa et
al. (19856) and Ahmed (1991}, although Cuf
{2001) could not find B. cereus organisms in
any sample of beef luncheon.

Intensities of four bacterial populations,
estimated in tissues of examined both raw
and cooked processed meat samples, were ar-
ranged in Table (2) and exhibit the range
(minimum-maximum) with mean value +
standard error of aerobic plate counts (APC)
in raw meats as 9x10%-2x102 and 105-7x108
with mean values of 2.7x10%+1.9x108 and
1.3x10840.78x108 organisms per gram in fro-
zen packaged and butchers' ground beef,
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whilst these findings were 2x105-2.8x10°
with mean value of 8.5x108+4.4x108 organ-
isms per gram in frozen packaged beef sau-
sage, respectively. These levels were also esti-
mated in cooked meats as 3x10%4-6.7x107

'with a mean of 1.4x107+0.75x107 organisms

per gram in fried sausage, 2x105-1.6x107
with a mean of 4.7x106+1.6x10% organisms
per gram in beef luncheon, besides 9x109-
7.2x107 with a mean of 2.6x107+0.79x107 or-
ganisms per gram in fried hamburger sam-
ples, successively. Viewing the aforemen-
tioned mean counts reveals the aerobic plate
counts were found in tissues of cooked
(ready-to-eat) processed meats by lower levels
than those detected in raw ones; these find-
ings can be explained by the literature of
Pearson and Gillett (1997) who emphasized
that the cooking of processed meats causing
destruction a lot of microorganisms in their
tissues by a number depend upon the time
and temperature relationship. By comparison,
Abd El-Aziz (1979 & 1987) and Ambrosiadis
et al. (2004) evaluated the mean values of
aerobic plate counts in raw sausage samples
by 1.2x108-3.4x108 organisms per gram; al-
most similar {o those found in this work,
whilst lower APC mean values (3.55x103-
4x105 organisms per gram) determined in raw
ground beef by Hamouda (2005) and Malicki
and Bruzewicz (20085) as well as in raw sau-
sage (<102-108 organisms per gram) by El-
Nawawy and Nouman (1981), Rheinbaben
and Hadlok {1984), El-Khateib (1997) and
Otelza et al. (2008). On the other hand, ap-
proximately similar APC mean values in beef
luncheon (>106 and 1.7x106 organisms per
gram} were estimated by  Duitschaever
(1977) and Gab-Allah (1990), respectively,
whilst lower APC mean values were found in
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ready-to-eat hamburger (2x10%-1.8x103 or-
ganisms per gram) by Soliman et al. (2002),
as well as In beef luncheon (<102-9x10° or-
ganisms per gram) by Aiedia {1995), Ouf
{2001) and Hamouda (2005).

Plates of violet red bile glucose agar esti-
mated the counts of Enterobacteriaceae or-
ganisms in tissues of tested raw meats as
ranges of 10%-3x10% and 3x10%-2.6x10% with
mean values of 1.3x1044£0.87x10% and
5.8x10%+4.1x10% organisms per gram in fro-
zen packaged and butchers' ground beef and
104-2x10% with mean of 3.7x10542.3x10% or-
ganisms per gram in frozen packaged beef
sausage samples, successively, whereas the
same plates could only detect these contami-
nants in both beef luncheon and fried ham-
burger sampies, among the tested cooked
meats, by ranges of 5x102-6_103 and 103-
7x103 with mean of 2.8x10%+1.6x103 and
4.1x10341.7x103 organisms per gram, respec-
tively (Table, 2). Entercbacteriaceae organ-
isms, enumerated in both examined raw and
cooked meats, reflect the contamination of
their raw materials -comprising fresh meat,
fillers and spices- with the intestinal material
{(Kiss, 1984 and Doyle et al., 2001). Also,
detection and counting such enteric organ-
isms in cooked meats like beef luncheon and
fried hamburger denote inadequate cooking
temperature and/or post-processing contami-
nation. By comparison, Lotfl et al. {(19886)
and Oluwafemi and Simisaye (2006) esti-
mated the mean value and ranges of Entero-
bacteriaceae counts in raw samples of both
ground beef and sausage by levels of 9x104
and 1.57x108-5.09x108 organisms per gram,
consecutively; higher than those recognized in
present study, whereas lower intensities of
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Enterobacteriaceae populations in raw sau-
sage samples of 9.1x10% and 2x102-1.1x109
organisms per gram were detected by Lotfi et
al. (1986) and Oteiza et al. {2006), succes-
sively.

Inspection of Table (2) reveal the con-
tamination levels of S. aureus 'coagulase-
positive” organisms in both raw and cooked
meat samples; these levels were represented
in raw samples by ranges 1.6x102-1.4x103
and 4x102-3.5x104 with mean of
8.5x102+3.6x102 and 9.9_103+4.8x10% or-
ganisms per gram in frozen packaged and
butchers' ground beef and 103-2x105 with
mean of 6_10413.1_10% organisms per gram
in frozen packaged sausage samples, succes-
sively, whilst these values in tested cooked
meats were 102-5x102 and 2.3x103-1.5x10%4
with mean of 2.4x102x1.3x102 and
6.8x103+2.9x103 organisms per gram in fried
beef sausage and beef luncheon besides
5x102-3_103 with mean of 1.8x103+1.2x103
organisms per gram in fried hamburger sam-
ples, respectively. Several researchers could
obtain coagulase-positive organisms of S. au-
reus In raw meats by counts nearly similar to
those estimated in this work, where Abd El-
Aziz (1987) and Hamouda (2008) evaluated
the mean counts of such organisms in raw
ground beef by 6x102 and 4x103 organisms
per gram, consecutively, while this value was
evaluated as 3.6x10% organisms per gram in
raw sausage by Mousa et al. (1993), whilst
higher intensities of those organisms were re-
covered from raw ground beef as a range of
1.5x103-1.2x105/g by Roushdy et al. (1983)
and Kaldes et al. (1994) as well as from raw
sausage as a range of 1.8x109-2x107/g by
Abd El-Aziz (1987) and Oluwafemi and Sim-
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isaye (2006), although lower populations of
the same organisms were determined in raw
ground beef as a range of 0.3-2.8x10/g by
Hassan (2001) and Minematsu et al. (2006)
besides from raw sausage as a range of <10-
1.8x103/g by Sumner et al. (1979), El-
Mossalami (2003) and Hamouda (2005),
however Oteiza et al. (20086} could not iso-
late these organisms from 100 samples of Ar-
gentina raw sausage. Similarly, as well as in
beef luncheon as a mean of 5.5x103 organ-
isms per gram by Gab-Allah (1990), although
higher contamination levels of such organ-
isms were evaluated as a range of 7.91x10%-
1.8x103/g in ready-lo-eat sausage by Soli-
man et al. (2002), meanwhile lower contami-
nation as a mean of 2x102 organisms per
gram were estimated by both Tolba {1994)
and Hamouda (2008} in beef luncheon. The
aforementioned processed and ready-to-eat
meats that contaminated with coagulase-
positive organisms of S. aureus represent a
significant health hazard, because microbes
that normally compete them have been elimi-
nated. Improper storage temperature of such
meats also allows staphylococel multiply socon
after being introduced into the meats. The en-
terotoxins produced during cell growth gener-
ally do not affect the sensory characteristics
of the contaminated meats and may therefore
go unnoticed (Jablonski and Bohach, 2001).

Plates of mannitol egg-yolk phenol red pol-
ymyxin agar showed the levels of B. cereus
contamination in tested both raw and cooked
processed meat samples as ranges of 6x102-
5x10% and 5x103-3x104 with mean of
6.8x10%+ 5.4x10% and 1.2x10%4+0.41x104 or-
ganisms per gram In frozen packaged and
butchers' ground beef besides 6x103-5.1x10°
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with mean of 10%40.52x105 organisms per
gram in frozen packaged beef sausage sam-
ples, respectively, for raw meats (Table, 2).
Comparing the obtained results with those
determined by other workers, approximately
identical counts of B. cereus organisms in raw
ground beef (103-4x10° organisms per gram)
were estimated by Eldaly et al. (1988} and
El-Ghamry (2004} as well as in raw sausage
(104-10% organisms per gram) by Torky
{1995), successively, whereas higher B. cere-
us counts in raw ground beef were detected
by Hafez et al. (1990) as a mean of 1.8x10%
organisms per gram, in raw sausage by Lotfi
et al. (1988) and El-Ghamry (2004) as mean
levels of 8.79x10°-10° organisms per gram,
consecutively, although lower B. cereus popu-
lations were recovered in raw ground beef by
Lotfi et al. (1988) and Hamouda (2008} as
mean counts of 2x102 -2x103 organisms per
gram, in raw sausage by Soliman (1888},
Hassan (2001), and Hamouda (2003} as
mean counts of 1.5x103 -3.3x10% organisms
per gram.

Using of the same aforementioned bacterio-
logical analysis, for enumerating the B. cereus
organisms In tested cooked meats, resulted in
their detection by counts ranged from 103-
3x104, 1.4x10% -105 and 3x103-1.1x105 with
mean values of 1.2x104 + 0.51x104, 5.3x104
+ 1.4x104 and 2.7x10%:1.1x10% organisms
per gram in cooked tissues of fried beef sau-
sage, beef luncheon and fried hamburger, re-
spectively (Table, 2). Detalled inspection of the
obtained mean values of B. cereus counts in
tested cooked (ready-to-eat] meats, exhibit
that beef luncheon samples contained the
highest populations of these organisms
whilst the lowest intensities were found in
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the tissues of fried beef sausage, whereas
fried hamburger samples harbored moderate
intensity of B. cereus populations. Similarly,
almost equal B. cereus contaminants were de-
tected by Nassif et al. (2002) in grilled
{ready-to-eat) sausage as a range of 4x103-
3x104 organisms per gram, also by Ahmed
(1991) and El-Sherif et al. (1991) in cooked
hamburger as mean levels of 8.3x104 and
3x104 organisms per gram, respectively, as
well as by Lotfi et al. (1988) and El-Ghamry
(2004) in beef lunchecon as mean levels of
6x105 and 6.23x10° organisms per gram,
consecutively. whereas lower contamination
levels of B. cereus organisms were obtained in
cooked sausage by Soliman et al. (2002) as a
range of 5.6x102-1.3x103, in ready-to-eat
hamburger by Nassif et al. (2002) and Soli-
man et al. (2002) as ranges of 6x102-10%
and 3x102-3.2x102 organisms per gram, re-
spectively. General view on the intensities of
the all four bacterial populations in the tis-
sues of both raw and cooked meats, reveal the
highest bacterial populations (represented by
aerobic mesophiles) in both raw and cooked
sample, followed by Entercbacteriaceae organ-
isms in raw meats then B. cereus organisms
in both meats succeeded by coagulase-
positive organisms of S. aureus in raw meats.

Results in Table (3) assess the microbiolog-
ical risk of the surveyed cooked samples of
Egyptian processed meats, through compar-
ing the obtained intensities of different bacte-
rial contaminants in their tissues with those
limits recommended by Gilbert et al. (2000)
as 100% each of beef luncheon and fried
hamburger samples were contaminated with
aerobic mesophiles by APC levels more than
the corresponding limit (104 organisms per
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gram) in addition 90% of fried beef sausage
samples showed the same contaminants by
counts exceeded the specified limit (10% or-
ganisms per gram), on the contrary, none of
the tested cooked samples contained Entero-
bacteriaceae organisins by levels exceeded the
related limit (104 organisms per gram), how-
ever, only 40% of beef luncheon Lesides 10%
of fried hamburger samples were among the
cooked meat samples that harbored the coag-
ulase-positive organisms of S. aureus by more
numbers than the corresponding limit (103
organisms per gram), finally, the B. cereus-
contaminated samples that possessed higher
levels of organisms than specified Limit (<10°
organisms per gram} were restricted to10%
every of beef luncheon, fried hamburger and
samples. Similar microbiological risk assess-
ment for examined raw meats was also car-
ried out, after comparing their different
bacterial contamination levels with the corre-
sponding limits stated by ICMSF (1988), as
70% of frozen packaged ground beef, 60% of
frozen packaged beef sausage besides 40% of
butchers' ground beef samples were harbored
the aerobic mesophiles by APC values exceed-
ed the specified limit (107 organisms per
gram), whereas 50% of frozen packaged ham-
burger, besides 30% and 20% of frozen pack-
aged beef sausage and butchers' ground beef
samples, consecutively were contaminated by
more organisms of S. aureus 'coagulase-
positive" than the recommended limit (104 or-
ganisms per gram). Microbiological risk as-
sessment of surveyed raw meats, in relation
to the obtained counts of both Enterobacteria-
ceae and B. cereus organisms in their tissues,
became impossible due to unavailability of the
recommended limits specifying such organ-
isms in raw processed meats (Table, 3).
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Phenotypic (conventional) and genotypic
characterization of a total of 67 bacterial
strains; picked up from the agar plates after
being recovered from the tissues of surveyed
samples of both raw and cooked processed
meats; identified them as 13 Escherichia coli;
7 Enterobacter hormaechei; 8 strains each of
Enterobacter cloacae and Pseudomonas aeru-
ginosa; 5 Enterobacter sakazalkii; 3 strains
every of Enterobacter aerogenes, Enterococ-
cus faecalis and Pseudomonas stutzeri; 2
strains each of Bacillus cereus, Bacillus li-
cheniformis, Bacillus subtilis, Citrobacter
freundii and Enterococcus faecium; besides
one strain cvery of Enterobacter asburiae,
Pantoea agglomerans, Proteus mirabilis, Ser-
ratia marcescens, Staphylococcus aureus,
Staphylococcus cohnii and Staphylococcus
xylosus (Table, 4). Concerning the origin of
the identified 67 bacterial strains, Bacillus
cereus originates from butchers’ ground
beef and frozen packaged beef sausage;
Bacillus licheniformis from beef luncheon
and frled hamburger; Bacillus subtilis from
fried beef sausage and frled hamburger;
Citrobacter freundii from frozen packaged
ground beef and beef luncheon; Entero-
bacter aerogenes from frozen packaged
ground beef; Enterobacter asburlae from
butchers' ground beef; Enterobacter cloacae
from all types of raw meats; Enterobacter hor-
maechei from butchers' ground beef, frozen
packaged beef sausage and beef luncheon;
Enterobacter sakazakii from frozen packaged
ground beef, butchers’ ground beef and fro-
zen packaged beef sausage; Enterococcus fae-
calis from buichers' ground beef and beef
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luncheon; Enterococcus faeclum from frozen
packaged beef sausage; Escherichia coli from
all types of raw meats and beef luncheon;
Pantoea agglomerans from beef luncheon;
Proteus mirabilis from frozen packaged beef
sausage; Pseudomonas aeruginosa from all
types of raw meats; Pseudomonas stutzeri

‘from frozen packaged beef sausage and fried

hamburger; Serratia marcescens from frozen
packaged ground beef; Staphylococcus aure-
us from frozen packaged ground beef: Staphy-
lococcus cohnii from frled beef sausage; be-
sides Staphylococcus xylosus from frozen
packaged beef sausage samples (Table, 4).
Several researchers could isolate most of the
aforementioned bacterial strains from fresh
and processed meats; as Enterobacter saka-
zakil -the new emerging pathogens- from
fresh beef, ground beef and sausage (Goullet
and Picard, 1986; Watanabe and Esaki,
1994; Kimura et al., 1999 and Leclercq ot
al.,, 2002). Also, Eldaly (1983), Sallam
(1993), El-Daym (2005} and El-Shopary
{2010) could isolate Escherichia coli, Entero-
bacter aerogenes, Pantoea agglomerans, En-
terobacter cloacae, Klebsiella pneumoniae,
Citrobacter freundif, Proteus mirabilis, Strep-
tococcus faecalis, Streptococcus faecium,
Staphylococcus aureus, Staphylococcus epi-
dermidis, Bacillus cereus, Shigella spp, Pseu-
domonas aeruginosa, Pseudomonas stutzeri,
and Serratia marcescens organisms in fresh
chilled and frozen meats as well as in raw and
cooked processed meats like ground beelf,
sausage, hamburger and beef luncheon sam-
ples, similar to those recognized in the
present work. '
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Table (1): Numbers and percentages of Egyptian raw and cooked processed meats, contaminated with
different bacterial populations (n*=10 each).

Types of examined samples Aerobic mescphiles- Enierobacteriacede- s‘ﬁg{zm ‘;:::f:f B;f.;[li:‘au;;'m.

conlandnated samples contaminated samples contaminated samples _ sumples

2 Frozen packaged ground beef 10 (100%) 3 (30%) 3(30%) 9 (50%)

E s § Butchers’ ground beef 10 (100%) 6 (60%) 8 (80%) 6 (60%)
a Frozen packaged beef sausage 10 (100%) 8§ (80%) 6 (60%) 9 (90%)

3 Fried beef sausage 10 (100%) 0(0%) 3 (30%) 5 (50%)

% § Becf luncheon 10 (100%) 3 (30%) 4 {40%) 5(50%)
va Fried hamburger 10 (100%) 3{30%) 2(20%) 9 (90%)

N * = number of examined samples.

Table (2): Bacterial populations per gram of Egyptian raw and cocked processed meats (n*=10 each).

N Staphylococcus aurens
Types of examined Aerobic plate counis Enterobacteriaceae counis “coagulase pasitive” counts Baclilus cereus counis
samples Mean
Min Max Mean+SE | Min | Max | MeanxSE Min Max | Mean#*SE | Min Max +SE
Frozen 3 N ‘
= s o | 27x100 s e | 130 2 »| 850t s | 68x0
5 p::ll::gelief oxlo 2x10 £1.9x10° 10y 3x0 £0.87x0" 1.6xi0% | L4xlO £3.6x10° 6xi0? | sxio +5.4x10"
8 B ) ]
2 & | Butchers 5 " 1.3x10 4 5.8x10° " | o990’ 5 . | 120
£ & | ground beer 10 Wt et | 340 2.6x10° £4.10° 60" [ 3500 [ i | 5007 | 30t [ e
z Frozen
k4 5 H] ']
= 5 s | 8.5u0 " i | 370 5 6x10 3 0’
hp:::(:f::n " 20° | 28407 | o w0 | 2o’ | S s 10 20" | g 6x10” | 5.1x10 +0.52x10°
Fried beef A 2| 1.4xd0’ 2.410° 1.2x10°
2] o il Al IV R 0 W0 st | S | 19| 3X0' | S
2 2 5[ Beer s R 2.8xi0° 6.8x10° . 5.3xi0°
5 2 E tuncheon 20" | 1ed0 | 5xI0* | 6x10° +1.6110° 2300° | .50 sog0 | 14510 (v 21 g
g | Friea 5 1| 2.6xi07 3 2 | 4.0’ M 1.8x10° 2.740°
hamburger 0 17.2410 0.79x10° i £1.7x10° Sxlo 310’ +}.240° Ll R £1.1x10*
1*= number of examined samples. Min= minimum. Max= maximum. SE= standard error.
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Table (3): Microbiological risk assessment of surveyed Egyptian processed meats (n*=1( each), through comparing
different bacterial populations contained in their tissues with the recommended limits.

. Sphylococcus auresy .
Aerobic plate count Eriterobacteriaceae count “coeguinse itive” conmt Bacillus ceveus count
Types of examined sauples Recommend Ne. (W) olyamples | Recommended | Ne (%) of sumpies | Rorsowmende | Mo (%) of mwples |Rocossmmende | o (%) of smumeples
o Thnadta®* sacoedieg the Bmits Hamfts+* exemmting the Hasits d s axcowding th Boiity o NSl ** axcoeding the ekt
g B, | Fried beefsausage 10° 9 (90%) 10* 0 (0%) 10° 0(0%) | <10* | 0(0%)
E § g Beef luncheon i0* [10(100%) | 10 0(0%) 10 4(40%) | <10®° | 1(10%)
© & | Fried hamburger 10 | 10(100%) | 1©° | 0(0% 10° | 1(10%) | <10° | 1(10%)
( )
Eroced et 107 | 7(70%) | NA*** | I 10* | oo | NA

10t | 2(20%) | NA
10* 3(30%) | NA

Butchers’ ground beef 107 4 (40%) NA

Frozen packaged heel 7 0,

Frozen) 107 | 6(60%) | NA
n*=uumber of examined samples. NA *** = 1ot availabie. i

*# = different recoiturtended limits were reported by Gilbert et al. (2000) for ready-to-cat meats whilst for raw meats were stated by ICMSF (1986).

Raw
processed
meats

Table (4) : Types and numbers of bacterial strains isclated from Egyptian raw and cooked processed meats,
genotyping " 16S rRNA gene sequencing" (n*=10 each).

Types of examined samples
Types and numbers of Raw processed meats Cooked processed meats

bacterial strains Frozen packaged Buichers’ Frozen packaged Fried beef Beel Fried
ground beef ground beefl beef sausage Sansage lunchegn hamburger
Bacillus cereus (3) - 1 1 -
Bacillus Hcheniformis (2)
Bacillus subtilis (2)
Citrobacter freundil (2)
Enterobacier aerogenes (3)
Enterobacter asburiae (1)
Enterobacter cloacae (10)
Enterobacter hormaechei {7)
Enterobacter sakazakii **(5)
Enteracoccus faecalis (3)
Enterococeus faecium (2)
Escherichia coll (13)
Pantoea agglomerany (1)
Proteus mirabilis (1)
Psendomonas neruginosa (8)
Psendemonas stuizeri (3)
Serratia marcescens (1)
Staphplococcus aureus (3)
Staphylococcus cohmii (1) - - 1 - -
Staphylocaccus xylosus (1} - - 1 - - -
Total straing = (67) *** {(13) (16} (25) ) @) 3)

n*=number of examined sanples. **= the current name: Cronob kazakif, ding to Iveraen et al (2008).

*** = the obtained strains were picked up from the plates of ined pr d meat sampi

- 1

1
1

1
1
]

o ]y J= ]

]
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