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ABSTRACT

A total of 60 Egyptian processed meat samples, categorized as 30 raw samples (10
every of frozen packaged ground begf, butchers’ ground beef and frozen packaged beef
sausage] hesides 30 cooked samples (10 each of fried beef sausage, beef luncheon
and fried hamburger} purchased from stupermarkets, butchers” shops and restaurants
in Mansoura cily-Egypt, were suljfected for both phenotypic and genotypic bacteriologi-
cal analyses. The former analysis was done ot the taboratory of Food Hyglene and
Control Department, Faculty of Veterinary Medicine, Mansoura University, Egypt, while
the latter works were conducted at the Department of Bacterlal Infections, Research In-
stttute for Microblat Dlseases, Osaka University, Osaka, Japan,

Plates of plate cowtt agar revealed the presence of aeroblc mesophlles (n the tis-
sues of all swueyed raw and cooked samptes. Whilst the Enterobacteriaceae organ-
tsms were detected in 309-80% of raw processed meat samples, besides 30% every of
beef luncheon and fried haonburger samples, meanwhile fried beef sausage sampies,
The viotet red bile glucose. agar plates could not detect such organisms in thelr tissues.
Coricerning the occrirrence of coagulase-positive Staphylococcus aureus organisms, the
plates of Balrd-Parker agar combined with coagulase test (fube method) showed 30%,
80% and 60% Incidence of this omganism n _frozen packaged ground beef, butchers’
ground beef and frozen packaged beef sausage, (n addition ta 309, 40% and. 20% were
obtained in fried beef sausage, beef (uncheon and fried hamburger samples, respec-
tively. Furthermore, the tissues of raw processed meuats exhibited the presence of Bactl-
lus cereus organtsis by a prevalence of 60-90%, whereas, cooked processed ones pos-
sessed 50-30%. after thefr suspension being noculated onto the dried surface of plates
of manniiel egg-yotk polymyxin agar.

The uforementioned agar plates showed the bacterial counts per gram of sur-
veyed Egyptian raw and cooked processed meats as 10% - 2.8x109 with a mean of
1.3x10% - 8.5x108 and 3x10% - 7.2x107 with an average of 4.7x108 - 2.6x107 aerobic
mesophllic organisms; 10% - 2.6x106° with a mean of 1.3x104 - 5.8x10% and 5x10% -
7x103 with an average of 2.8x103 - 4. 1x10° Enterobacteriaceae organtsms; 1.6x102 -
2x10% with a mean of 8.5x10% - 6x10% and 102 - 1.5x10% with an average of 2.4x¢102 -
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6.8x10° S. aureus “coagulase-positive™ organisms; besides §x102 - 5.1x10% with a
mean of 1.2x10% - 105 and 103 - 1.1_10% with an average of 1.2x10% - 5.3x104 B. cere-
us organisms. consecufively.

Microbiological risk assessment of tested processed meats, through comparing dif-
Jerent bacterial populations contained in thetr tissues with the corresponding recom-
mended limits resulted in 90-100% of cooked fready-to-eal] processed mweat swnptes, in
addition to 40 - 70% of raw ones exceeded the recommended Umits of aeroblc meso-
philes (10% - 105 orgusisms per gram for cooked and 107 oganisms per gram for raw
meats). None of the cooked meats was contaminated with Enterobacteriaceae orgar:
Istis by levels more than the recormended lmit {104 per gram). Addlitionally, out of the
examined cooked processed meats, 40% beef luncheon and 109 fried hamburger be-
sides none of frled beef sausage samples cordnined S. aiweus "cooguiase-positive” or-
ganisms by populations more than the recommended Wnit (109 per gramy, 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 tevels more than the reconvnended lmit (104 per grany. Fnally,
10% samples each of beef luncheon and fried hamburger were contaminated with B.
cereus organisms by levels more than the recormumended lmit (<105 per gram), while
rwone of friied beef sausage samples exceeded such It

A sum af 67 bacterial sirains, (solated from both raw arud 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 besldes 3 strains from fried hamburger
samples. Phenofypic (conventional) and genotypic {165 rRNA gene sequencing) analy-
ses of these bacteria tdentified them as 13 Escherichla coll; 7 Enterobacter hormaechet;
8 strains each of Enterobacier cloncae and Pseudomnonas aeruginosa; 5 Enterobacter
sakazakil; 3 sirains every of Enterobacter aerogenes, Enlerococcus faecalis and Pseu-
domonas stutzeri; 2 strains each of Bacillus cereus, Baclllus licheniformis, Bacillus
subfilts, Clirobacter freurelli and Enterococcus faectwn besides one stratn every of En-
terobacter asburlae, Pontoea agglomerans, Protews mirabills, Serratia marcescens,
Staphylococcus aureus, Staphylococeus cohnit and Staphylococcus xylosus.

INTRODUCTION magnesium.

66

Processed meats are considered an excel-
{ent source of high quality proteins containing
a good balance of essential aming aclds and
having a high biological value, a good source
of most B-complex vitamins and also contrib-
ute signiicant levels of minerals including
Iron. copper. zinc, sodlum, potassium and

Mansoura, Vet. Med. J, {65 - 63}

Risk assessment denotes the scientific
evaluation of known or potential adverse
health effects resulting from human exposure
to foodbore hazards. Risk from microblologl-
eal hazards 1s of Immedtate and serious con-
cern to human health. One of the difflculties
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assoclated with microblologlcal risk assess-
ment is in determilning the number of mlero-
organisms in food at given tme, Le. estmat-
Ing the exposure of an individual to the
microorganism. The numbers of bacteria In
food can be changed at all stages of food pro-
ductfon and processing depending on the na-
lure of the food and the way (L Is handled,
stored and processed (Walls and Scott,
1997].

Accurate identification ol bacteifal 1solates
18 an essenttal task lur microbfological labora-
tories. Traditional phenotypic ldentlfication 1s
difficult and tine-consuming, and when phe-
notypic methods are used to identify bacteria,
interpretation of test results can lovolve a
substantfal amount of pubjective judgement
requlres the recognition of differences in mor-
phology, growth, cnzymatic acUvity, and me-
tabolism to define genera and species. Pheno-
typlc variability among strains belonging to
the same specles alsg results in same bacten-
al feolates presenting characteristics that are
atypical Ior Identification. To get around the
pltfalls of the conventional methods. ideatifl-
catipu techniques based on nucleic acid am-
plification may offer a good alternative. Full
and partial 168 rRNA gene sequencing methi-
ods have emerged as uselul tonls for identify-
Ing pheriotypically aberrant iicroorganisims
as 1t Is a more objective {dentlfication lool, un-
affected by phenotypic vartadon or technolo-
gtet blas, and has the potentlal to reduce fa-
boratory errors (Pettl et al., 2008).

Therefore, the aoverall objectives of this
work were Intended to assess the microblolog-
ical risk in some popular Egyptian processed
meats comprising ground beef, beel sausage,
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hamburger and beef luncheon through: (1) es-
timating the total bactenial counts of aerohic
mesophiles, Enterobacterlaceae, S awreus
“voagulase-pusitives” and B. cereus per each
gram of the examined processed meats and
(2} accurate |dentification of Isolated hacteria
by using 165 rRNA gene sequencing,

MATERIALS AND METHODS

A total of 60 Egyptian processed meat
samples. categorized as 30 raw samples (10
every ol [rozen packaged ground beef, butch-
ers' ground beef and frozen packaged beel
sausage) besfdes 30 cooked samples {10 each
of Irled beef sausage, beel luncheon and
fried hamburger) purehased from supermar-
kets, butchers' shops and restaurants in
Mansoura city, Egypt. Each sample was ap-
proxtinately represented by 100 grams. Each
of all samples was aseplically packed Intw a
polyethylene bag then marked and trans-
ferred -in icebox with a minimum of delay- to
the laboratory of Food Hyglene and Control
Department, Faeulty of Veterinary Mediclne,
Mansoura Unlversity. wherein the preliminasy
bacteriological analyses were done,

fA] Preliminary bacteriological analyses
{in Egypt):

Ten grams from each processed meat sam-
ple were homogenfzed with 8¢ ml of 0.1%
sterlle peptone water (Oxold CMO009} for 1
min In a laboratory blender for obtaining an
original dilutton of 1:10, from which serial di-
lutsons were prepared (ADAC, 1890), for the

following analyscs:
(1} Aerobic plate count (ICMSF, 1978):

A tenth ml [rom each prepared serial dilu-
tfon was transferred and evenly spread over a
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dry surface of duplicated, previcusly prepared
sterlle plate count agar medtum (Oxold
CM0325). The eurface of inoculated plates
was allowed o dry for 15 min before being
placed Inveried with control plates in the in-
cubator adjusted at 300C for 48 h. The bacte-
rlal colontes were enumerated and the aerobic
plate count per gram of the exarnined sample
was then calculated and recorded.

(2) Enterobacteriaceae
1983a):

Duplicated sets of sterile Petil dishes werce
(noculated with 1-inl amounts of the chosen
range of prepared dilutions. A guantity of
about 15ml of violet red bile glucose agar (Ox-
old CM0485), melted and cooled to 45°C, was
added to each fnoculated Pelrl dish, then
mixed well and allowed to set. Another 5 ml of
the same agar/teruperature was flnally over-
lain every plate. which lelt to solidify, then In-
cubated at 30°C for 24 h. Typlcal colonles of
Enterobacteriaceae (red surrounded by pre-
cipitation of bile salts in the medlum and hav-
ing 0.5 mm or morc in diameter) were enu-
merated and the Enterobacterlaceag count
per gram of the examined sample was calcu-
lated and recorded.

count (IS0,

(3) Staphglococcus aureus “cvoagulase-
positive” count {ACAC, 1984):

From the previously prepared serlal dilu-
tions, 0.2 ml from selected dilubons were
transferred and evenly spread onto dried sur-
faces of dupllcate plates of Baird-Parker selec-
tive agar (Oxold CM0275) with egg-yolk tellur-
{te emulsion, then incubated at 37°C for 48 h.
Colonies exhibiting typical morphology, grey-
black to jet-black. ctrcular, smooth. convex,
2-3 mm In diarneter with a narrow white en-
tire margin and may show an opaque zone
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surrounded by a zone of clearing extended 2-
5 mm in the opague medium, were conskdered
a presumptive S. aureus. The top part of five
sugpected colonles was picked up and inocu-
lated Into test tubes contalning % ml of sterile
braln heart Infusion broth (Oxold CMQ225)
then Incubated at 372C for up to 24 h for blo-
chemical conflrmmation and coagulase test
then the coagulase-posiiive S. aureus count
per gram of the examined sample was ealcu-
lated and recorded.

(4) Baclllus cereus count (ISO. 1963b):

From each prepared serfal dilutions, 0.1 ml
was aseplically transferred and evenly spread
onto dried surfaces of duplicate plates of ster-
le rnannitol egg-yolk polymyxin agar (MYP,
Oxord CM0929) {Polymyxin B supplement,
Oxold SROO99E) then Incubated at 30°C for
24-48 h, The typical colonles [dry. rough sur-
face with a pink to purple base and surround-
ed by a ring of dense preelpitate) were enu-
merated. The typical colonles 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
samnples was ealcukbited ang recorded.

IB] Confirmatory bacteriological analy-
ses by penotyping "16s rRNA gene se-
quencing” (in Osaka/fapan):

These analyses were taken place at Depart-
ment of Bacterlal [nfections, Researeh Inst-
tute for Microblal Diseases, Osaka University,
Qsaka, Japan, for accurate identlfiication of
the whole aforementoned bacterfal strains -
isolated from the surveyed Egyptlan pro-
cessed meats- by the atd of reference strains
of Cronobacter sakazakil (RIMDO377001). A
sum of 67 different bacterial strains, picked
up from the different agar plates after being
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recovered from the tissues ol surveyed sam-
ples of bath raw and cooked processed meats,
distributed as 13 strains recovered from ro-
zen packaged ground beel, 16 from butchers'
ground beef and 25 from frozen packaged beef
sausage, in addition to 2 stralns eaeh of fried
beef sausage, 8 from beef luncheon besides 3
straing from fried hamburger samples, were
analyzed by partial 165 rRNA gene sequenc-
ing (Hall et al., 2003) using 16S-1 primer
(5° - CAGGAAACAGCTATGACCGSITRAIRCA
TGCAAGTCG-3] and 185-2 primer ({5~
TATTACCGCRGCTGCTGG-37), by the ald of
DNA thermal eycler {GencAmp® PCR System
9700 {Applicd Biosysiems, USA)]. In a 200ul-
PCR tube, a t(atal of 25ul PCR mixturce conslst-
ed of 14.75ul distilled water, 5ul 10x PCR buf-
fer, 2.5ul dcoxyrbonuclestide triphgsphate
(dNTPs) mixture, 0.25ul each of, 2ul DNA, temn-
plate (extracted from each strain) and 0.25ul
ExTagq DNA polymerase (Takara, Japan), were
placed then subjected for a temperature pro-
gram Involved the Initfal denaturation of the
DNA template at 94°C for 2 min, {ollowed by
30 cyeles; every of them comprised the dena-
turation at 94°C for 30 s, primer anncaling at
55°C for 30 3 and synthesls of complenentary
chain at 72°C for 45 s, then ended by an ad-
ditional extension at 72°C for § min, The am-
pliled DNA fragments or amplicons {about
770 base pairs) were subjected to clectropho-

Figure {1): Agarose gel electrophoresis of polyme-
rase chaln reaction products obtained
uging DNA extracted from pure cul-
tures identified wustng partial {770 bp)
185 RNA gene sequencing. lane M:
DNA 100 bp marker, lane | positive
control (Cronchbacter sakuzaklt refer-
ence strain RIMD 0377001), lane 2-6:
Different Dbaclertal strains  obtained
from processed meats.
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resis in 1.5% Agarose gel, stained for 30 min
m ethidtum bromide solution (0.5pg/mi),
viewed under a UV Transtlluminator having a
wave length of 302nm (BloDoc-It Systems)
(Fgure.1); then sach DNA fragment, was ex-
cised with {ts agarose gel and subjected for
purification using QIlAquick Gel Extractlon
Kit (@lagen, Gcrmany) then subjected for
nucleotide sequencing by the ald of ABI
Prism 3100 DNA Sequeneer {Appiled Biosys-
tems, USA) according to standard protocol
for cycle segquencing. The resultant partial
165 rRNA gene sequences were compared
with those available in the online GenBank
database.The mean iength of the segnences
was 700+ 60 nucleotides. Identlfication of 67
bacterial 1solales into specles level was de-
Aned as a 16S rRNA sequenee similarity of
299% with that ol the prototype strain se-
quence in GenBank, whilst genus-level {dent-
fication was deflned as a 16S rRNA sequence
similarity of »97% with that of the profotype
straln  sequerice In GenBank. A faflure to
identify was defined as a 1685 rRNA sequence
simflarity score of lower than 97% with those
deposited In GenBank (8tackebrandt and
Goebel, 1994).

The data obtained In this study were statis-
tically analyzed aecording to methods de-
scribed by Baedecor (1971).
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RESULTS & DISCUSSION

Presence of different bacterfal populations
in tested both 3 types of raw and 3 types of
cooked Egyptian procegsed meats (10 samples
for each type) was described in Table (1) that
denutes the contamination of all surveyed raw
and cooked samiples with aerobic mcsophiles
(100% each). whilst the occurrence of Entero-
bacterlaceae organisms were represented by
all types of raw meats where found in 80%
frozen packaged beel sausage. 60% bulchers
ground beef and 30% frozen packaged ground
becf sainplcs, meanwhlle such occurrence
was only lmited to 30% samples each of beef
luncheom and fried hamburger among the
surveyed types of coolced meats, Similarly. the
coagulasc-positive organlsms of 8. aureus
were detected in raw meats by extremely htgh-
er prevalence than thatl found tn cooked ones.
a8 B80% butchers’ ground beef, bestdes €086
and 30% in [rozen packaged beef sausage and
frozenn packaged ground beef samples, rc-
spectively. while this bacterial contamination
was restricled to 40% beel luncheon, 30%
fried beel sausage and 20% fried hamwburger
samples. Additionally, the percentages ol B.
cereus-contaminated samples of raw meats
were moderately higher than those of eooked
ones, as represented for raw meats by 90%
edeh of frozen packaged ground beef and fro-
zen packaged beel sausage. besldes 60% of
butchers’ ground beef, whilst these percent-
agea for cooked meals were represenited by
90% fried hamburger in addition to 50% each
of fried beel sausage and beel luncheon sam-
ples.

[nevitable contamination with aerobic mes-

ophllic bacteria, detected in all tissues of sur-
viyed bBoth raw and cooked meat samples.

Mansoura, Vet. Med. J.
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can be explained by the Ilteratures of Dickson
and Anderson (19932) who emphasized that
carcass surfaces olten become heavily con-
taminated during dressing, even with using a
current slaughterhouse technology, in addf-
tion Lo the declaration of Doyle et al. {2001)
which mentioned that the microorganisms In
procesased meats originate not only from the
meat itself, but also from the non-meat ingre-
dients llke spices, flllers and salts. The num-
bers and percentages of both Enlerobacteria-
ceae- and S, aureus- comtaminated raw
samples wcre almost equal as well as fewer
than that of B. cereus-contaminated raw ones;
these findings may be attributed to the muly-
ple sources of processed meats contamination
with the latter organisms as Varnam and
Evans (1991) mentioned that the meat addl-
tves -lke spices and flllers- contribute in the
high incidence of processed meats contamina-
ton with B. cereus organisms, Viewing the
Enterobacterfaceae and S, aurcus eontami-
nants In both types of surveyed ground beef
samples, they were detected in more -
manually prepared- butchers’ ground beefl
samples than that deteriined (n frozen pack-
aged ground beel: these results agree with lit-
erature of Dworkin et al. (2006) which em-
phasized the food handlers -particularly those
having infected cuts and sores- bestdes uten-
stla, air, sofl and water are considered among
the major sources of meat contamination with
these organisme durlng manufacturing, pack-
aging and marketing. Furthermore, the occur-
rence of non-sporeforming Enterobacteriaceae
and S, qureus organisms in cooked sampies
was clearly lower than that detected for spore-
forming B. cereus organisms in the same sam-
ples; thesc results is expected owing to the
high thermal resistance of baclerial spores
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against cooking temperatures (Frazier and
Westhoff, 1988).

Comparing the ineidence of different bacte-
rial populatfons -in raw processed meats- ob-
tainet In this work with those determined by
other workers, higher ineldence of Entergbac-
terfaceae organdems (10084} were deteeted in
both ground beef and sausage samples by
Lotfl et al, (1986) and Otelza et al. {2008]),
In addition to S. aweus coagulase-positive”
organisms wcre recovered from 24.7%%6-38.9%
ground beel sampies (El1-Gohary, 1883 and
Kaldes et al., 1994), also Abd El-Aziz (1987)
recognized sy ofganisims In 75% of ground
beef samples, nearly similar to that obtained
in surveyed butchers’ ground bceef. Higher
prevalence of S. awreuns organisms (n raw
fresh and ground beefl 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 Incldence of such
contaminants were estimated by Abd EI-
Monem (1998} and Malick]l and Bruzewlcz
{2008) In raw ground beel as 0.8%-20%. as
well as by El-Gohary (1893), Ouf {2001} and
Hamouds (2005) (n raw sausage as 10-489%,
begldes, Youssef et al. (1988) and Gergls
{2008) who could deteet these organisms in
80% and 47% of raw ground beel samples,
consecutively; both findings were higher than
those obtalned in frozen packaged ground
beel but lower than found in butchers' ground
beef samples, however Otelza et al. (2000)
could not isolate such contaminants from 100
Argenlina raw sausage samples.

Concerning the percentages of B. cereus-

contaminated samples among raw processed
meats, detected by other regearchers In rels-
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tion to those ealeulated in the present study.
almost equal percentages of eontaminated
ground beef samples -stmilar to that obtamned
in frozen packaged ground beef- (72% and
74%0) were estimated by Eldaly et al. (1988}
and Lotfl et al. (1988), respeetively as well as
similar to that Jound in butchers’ ground beef
(52%-58%) were reported by El-Siyed et al.
(1999), Hassan (2001) aud Hamouda (2003)
In addltion to approxtmately identical B. cere-
ns-contaminated samples of raw sausage
{80% and 84%) were evaluated by El-Ghamry
{(2004) and HRamonda (2008), whilsl lower
percentages of B. cereus eontaminated sam-
ples were recognized by Hafez et al. [1990)
and Hassan {1891) as 5.75%-35% in both
raw fresh and ground beef; by Eldaly et al.
(1888), Nortje et al. (1909], and EI-
Mossalamd (2003} as 9.8%-60% in raw sau-
sage: however, Nortje et al. (1888) could not
detect B. cercus organisms in 51 ground beef
samples.

The prevalence of different bacterial popu-
latfons in tested samples of cooked proccssed
meats was at the top (100%4) for aerobic meso-
philes, followed Ly 5084-90% samples for B.
cereus, then coagulase-positive organisms of
S. aureus [(¥9H-40% samples) and Enterobac-
teriaceae (20%-809% samples). These HBndings
agreed with those reported in many ltera-
tures; as ICMBF (1678) and Kiss (1984}
mentioned that the high incidence ol bacterial
contamlnallon In processed meats Indicate
heavily contamlnated raw materials and/or
unsanitary processtng besides improper time-
temperature storage conditions. Furthermore,
representation of Enterobactertaccae contami-
nation bv 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 organlsms ean survive
heat treatment of foods. Also, presence of S
aureus organisms i1 cooked meat samples in-
dicates a poor sanitation of such meats be-
cause those organismsy are highly vuliterable
to destruction by heat treatment and approxi-
mately all sanitizers (FDA, 1998). 5. aureus-
contaminated samples in ground beel (55.6%)
were cstimaled by Tavakoll aand Riazipour
(2008}, whercas lower contaminated samples
(B%0-15%) were evaluated in beef luneheon by
(Abd E1-All, 1983; Ouf, 2001 and Hamocuda,
2008}, however, Hemelda et al. (1886) could
not rcoover these S. aureus organisms from
any sample of locally-manufactured beef
luncheon. Furthermore, almost cqual B. cere-
us-contaminated samples were obtained by
Lotfl et al. (1988) as 48%% of beed luncheon,
meanwhile hlgher contamitated samples
(70% and 80%) of beef luncheon were recog-
nlzed by El-Ghamry (2004) and Hamouda
(2008), respectively besldes lower contami-
nated samples (22% and 48%;) of ready-to-eat
hamburger were determined by Bhinagawa et
al. (1988) and Ahmed (18€1), although Oul
{2001) could not find B. cereus organisms In
any samplc of beef luncheon.

Intensitles of four bacterlal populations,
estimated in tissues of examined both raw
and cooked processed meat samples, were ar-
ranged in Table [2) and exhiblt the range
{(minimum-maximum) with mean value 1
standard errar of aernbic plate eounts (AFC)
In raw meats as 9x10%-2x10° and 105-7x108
with mean values of 2.7x109%+1.9x108 and
1.3x10830.78x10% organisms per gramn in fro-
zen packaged and butchers' ground bceel,

Monsecuraq, Vet. Med. J.
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whilst these findings were 2x109-2.8x109
with mean value of 8.5x108:4.4x108 organ-
fsms per gram In frozen packaged beel sau-
sage, respeetively. These levels were also esti-
mated In cooked meats as 3x10%-8.7x107
with a mean of 1.4x10740.75x107 organisms
per gram in fed sausage, 2x109-1.6x107
with a mean of 4.7x10511.6x10¢ organisms
per gram in beef luncheon, besides 9x105-
7.2x107 with a mean of 2.6x1073+0.79x107 or-
ganisms per gram In Irled haroburger sam-
ples. successtvely. Viewing the aforemen-
tioned mean counts reveals the aerobic plate
courits were found in Ussues of cooked
(ready-to-eat) provessed meats by lower levels
than those detccted (n raw ones; these {lnd-
ings can be explalned by the literature of
Pearson and Gillett (1907) who emphasized
that the cooking of procegsed mieats causing
destruction a lot of microorganisms In thelr
tissues by a number depend upon the time
and temperature relatlonship. By comparison,
Abd El-Azlz (1679 & 1987]) and Ambrosladis
et al. (2004) evaluated the mean values of
deroble plate counts In raw sausage samples
by 1.2x108-3.4x108 organisms per gram; al-
most simllar to those found In this work,
whilst lower APC mean values (3.55x103-
4x%109 organisms per gram) determinied in raw
ground beef by Hamouda (3008) and Malicki
and Bruzewlcz (2008) as well as in raw sau-
sage (<102-108 organisms per gram) by El-
Nawawy and Nouman (1981), Rheinbaben
and Hadlok (1984), El-Khatelb [1897) and
Otelza et al. {2004). Un the other hand. ap-
proxdmately similar APC mean values [n beef
luncheon {>106 and 1.7x108% organisms per
gram) were estmated by  Duitechaever
(1977) and Gab-Allah (19€0), respectlively,
whilst lower APC mean values were found n

Vol. XII, No. 1, 3010



Elgazzar and Moharnmed

ready-to-eat hamburger {2x102-1.8x103 or-
ganiams per gram) by Sollman et al. (2002),
as well as fn beef luncheon (<102-9x10% gr-
ganisms per gram) by Aledia (1803), Ouf
{2001) and Hamouda (2005].

Plates of violet red blle glueose agar estl-
mated the counts of Enterobacteriaceae or-
ganfsms o tissues of tested raw meats as
ranges of 104 3x10% and 3x10%-2 6x108 with
mean valucs of  1.3x10410.87x10%  and
5.8x10%44,1x10° organisms per gram In [ro-
zen packaged ainl hulchers ground beel and
104-2x108 wilh niecan of 3.7x10932.3x10° or-
ganlsms per gvanl i frozen packaged beel
sausage samples. successively, wbercas (he
same plates could unly detect these contarnd-
nants in both beef lunchcon and fried ham-
burger samples, among the tested eecoked
meats, by ranges of 5x102-6_103 and 103-
7x103 with mean of 2.8x10341.6x103 and
4.1x103£1.7x103 organisms per gram, respec-
tively (Table, 2). Enlerobacterlaceac organ-
isms, cnumerated (n both cxamined raw and
cooked meats, reflect the contamination of
their raw materials -comprising fresh meat,
Rllers and spices- with the intestinal material
(Kizs, 1884 and Doyle et al.,, 2001). Alsc,
detection and eounting such enterlc organ-
1sms in cooked meats Bhke beel luncheon and
fried hamburger denote Inadequate cooking
temperaturc and/or post-processing contami-
nation. By comparison, Lotfl et al. (1988)
and Oluwafemd and Simisaye (2006) esti-
mated the mean value and ranges ol Entero-
bacterlaceae ecunts in raw samplks of both
ground beel and sausage by levels of 9x10%
and 1.57x105-5.09x108 organisms per gram,
consecutively: bigher than those recognized in
avesenl siudy, whereas lower {ntenstles of
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Enterobacteriaceae populations in raw sau-
sage samples of 9.1x10% and 2x102-1.1x10°
organisms per gram were detected by Lotl et
al. (1688) and Oteliza et al. (2008), sucres-
sively.

Ingpection of Table (2) reveal the con-
(amination levels of S. aureus “coagulase-
positive” organtsms In both raw and cooked
meat samples; these levels wetre represented
in raw samples by ranges 1.6x102-1.4x103
and  4x102-3.5x104 with mean of
8.5x10243.6x102 and 9.9_103:4.8x103 or-
ganlsms per gram {n frozen packaged and
butchers’ ground beef and 103.2x10% with
mean of 6_10%43.1_10% organisms per gram
in frozen packaged sausage samples, sucees-
stvely. whilst these values In tested cooked
meats were 102-5x102 and 2.3x103-1.5x10%
with mean of 2.4x10%21.3x102 and
6.8x10342.9x103 organlsms per gram in fried
beef sausage and beef luncheon besides
5x102-3_103 with mean of 1.8x10341.2x103
organisms per gram In fricd hamburger sam-
plcs, respectively. Several researchers could
obtain coagulase-posttive organisms of 8. au-
reus in raw meats by counts nearly similar lo
those estirnated in this work, where Abd El-
Arlz (1887) and Hamouda (2003) evaluated
the mean counta of such organisms in raw
ground beef by 6x10% and 4x10°% 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 {ntensities of those organisms were re-
eovered [rom raw ground beef as a range of
1.5%103-1.2x105/¢ 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-Arziz (1087) and Olawaferni and Skm-
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isaye (2008), although lpwer populadons of
ihe same organisms were determined in raw
ground beel as a range of 0.9-2.8x10/g by
Hassan (2001) and Minematsu et al. (2008)
besides from raw sausage as a range of <10-
1.8x10%/¢ by Bumner et al. (1976), El-
Mossalami (2003) and Hamouda (2008),
however Otelza et al. (2008) could not 1so-
late these organisms from 100 samples of Ar-
gentina raw sausage. Similarly, ag well as in
beel luncheon as a mean of 5.5%10% organ-
lsms per gram by Gab-Allah (199Q), although
higber contamination levels of such organ-
isms were evalualed as a range of 7.91x10%-
1.Bx103 /g 11 ready-to-eat sausage by Sold-
man et al. (2002), meanwhile lower corntami-
nation as a mean of 2x10% organisms per
gram were estimated by both Tolba (1994)
and Hamouda (2006) in beel lunebeon. The
aforementioned processed and ready-to-eat
meats that contaminated with ecagulase-
positive organlsms of S. awreus represent a
signilcant health hazard, beeause microbes
that normally compete {them have been eliini-
nated. Improper storage temperature of such
meats also allows staphylococel multply soon
after being introduced into the meats. The en-
terotoxdns 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 levcls of B, cereus
contamination in tested both raw and cooked
processed meat samples as ranges of 6x102-
§x10% and &5x103-3x10% with mean of
6.8x10%3 5.4x10% and 1.2x10%£0.41x10% or-
ganlems per gram in frozen packaged and
butchers' ground beef besides 6x108-5.1x10%
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with mean of 10530.52x105 organisms per
gram in frozen packaged beef sausage sam-
ples, regpectively, for raw meats (Table, 2).
Comparing the obtalned results with those
determnined by other workers. approximately
idenlcal counts of B. cereus organisms {n raw
ground beef (103-4x105 organisms per gram)
were estimated by Eldaly et al. (1988) aad
El-Ghamry (2004) as well as In raw sausage
(10%-10% organlems per gram) by Torky
(1998), suceessively, whereas higher B. cere-
us counis In raw ground beef were detected
by Hafez et al. [1990) as a mean of 1.8x10°
Organisms per gram, in raw sausage by Loth
et al. {1988) and El-Ghamnry [2004) as mean
levels of 8.79x105-10% organisms per gram,
consecutively, althouph lower B, cereus popu-
lations were recovered In raw ground beel by
Lotfl et al, {1988) and Hamouda (20085) as
mean counts of 2x102 -2x103 ¢rganisms per
gram, ln raw sausage by Solman (1888),
Hagsan (2001), and Hamouda (20086) as
mean counts of 1.5x103 -3.9x10% organisms

per gram.

Using of the same aforementioned bacterto-
logical analysls. for enumerating the B. cereus
organisms in tested cooked meats, resulted n
thelr detection by counts ranged from 103-
3x10%, 1.4x104 -105 and 3x103-1.1x10° with
mean values of 1.2x104 1 0.51x104, 5.3x10%
4+ 1.4x10% and 2.7x10%11.1x104 organisms
per gram In cooked Hssues of fried beef sau-
sage, beef lunehieon and fried hamburger, re-
spectively (Table, 2). Detalled inspection of the
obtalned mean values of B. cereus counts In
tested cooked (ready-to-eat) meats. exhibit
that beef luncheon samples eontained the
highest populatfons of these organisms
whilst the lowest Intenstties were found In
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the tissues of fried bcel sausage, whereas
fried hamburger samples harbored moderate
intensity of B. cereus populatons. Stmilarly,
almost equal B. cereus contaminants were de-
tected by Naesif et al. (2002) in grilled
{ready-to-eat) sausage as a range of 4x103-
3x10% organisms per gram, also by Ahmed
(1991) and El-S8herif et al. (1991) In eopked
hamburger as mean levels of 8.3x104 and
3x104 organisms per gram, respectively, as
well as hy Lotfi et al, (1988} and El-Ghamry
(2004) in beel luncheon as mean levels of
6x10% and 6.23x10° ofganisams per grant.
consecutively, whercas fower contamination
levels of B. ¢eveus organisms were oblained in
cooxcd sausage by Soliman et al. (2002} as a
range of 5.6x104-1.3x103, in ready-to-eat
hamburger by Nassif et al, {2002} and Soli-
man et al. (2002) as ranges of 6x104.104
and 3x102-3.2x107 organisms per gram, re-
spectively, General view on the Intensities of
the all Tour bactrrial populations in the tis-
sues of both raw and cooked meats, reveal the
highest bacterial populations irepresented by
aefobic mesophiles) tn both raw and cooked
sample, followed by Entcrohacteriaceae organ-
lsms In raw meals then B. cereits organisms
In both meats suceeeded by coagulase-
positive organisms of S. aureus in raw meats.

Results n Table (3) asscses the milerobiolog-
lcal sk of the surveyed cooked samples of
Egvptian processed meats, through compar-
ing the obtaincd intensttles of differcnt bacte-
rlal contamninants in their tissues with those
lirnits reconunended by Gilbert et al. (2000]
as 100% each of beef luncheon and fried
bamburger samples were contamgnated with
aerobic mcsophites by APC lovels more than
the corresponding Hmit (104 organitsms per
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gram} in additon 50% of fried beel sausage
samples showed the same econtaminants by
eounts exeeeded the specifled lmit (10% or-
ganlsms per gramj, on the contrary, none of
the tested cooked samples contained Entero-
bacteriaceae orgarilames by levels exceeded the
related limit (104 organisms per gram). how-
ever, only 40% of beef luncheon \.esides 10%
of fried hamburger samples were among the
cooked meat samples that harbored the coag-
ulase-positive organisms of 5. aureus by more
numbers than the corresponding Lmit {103
organisms per gram), finally, the B. cereus-
contaminated samples that possessed higher
levels of organisms than specified limit (<109
organisms per gram) were restricied tol0%
every of beef luneheon, fried hamburger and
sampics. Stmllar microbiological risk asscss-
ment for examined raw mcats was also car-
rfed out, after comparing thelr differcnt
baclerial contamination levels with the corre-
sponding [lmits stated by ICMSF (1986), as
70% of [rozen packaged ground beef, 60% of
frozen packaged beel sausage besides 40% of
butchers' ground beel samples were harbored
the aeroblc mesophiles by APC values exceed-
ed the specified ltmit (107 organigms per
gram), whereas 50% of frozen packaged ham-
burger. besides 30% and 2096 of {mzen pack-
aged beef sausage and butchers’ ground beef
samples, congecutively were contaminated by
more organisms of S. aureus “coagulase-
posttlve” than the recommended Umit (104 or-
ganisms per gram]. Microblological risk as-
sessnient of surveyed raw meats, in relation
to Lhe obtalued eounts of hoth Enterobacteria-
ceae and B, cereus organigme In thelr tissucs,
became imposslble due to unavailability of the
reconunended Umits specifylng such organ-
lsms I raw processcd meats (Table, 3).
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Phenotypic (conventional] and genolypic
eharacterization of a total of 67 bacterial
strains; plcked up from the agar plates after
being recovered from the tiasues of surveyed
samples of both raw and ceoked processed
meats; identifled them as 13 Escherichia coli;
7 Enterobacter hormaechel; 8 strains each of
Enlerobacter cloacae and Psendomonas aeru-
ginosa; 5 Enterobacter sakazakil: 3 strains
every of Entcrobacter aecrogenes, Enterococ-
cus faecalls and Pseudomonas slutzen; 2
strains each of Bacillus cereus. Baclilus Y-
cheniforrufs.  Bacillna  subtllis, Clfrobacter
freundit and Enterococeus faeclum:. besldes
one strain cwcry of Enterobacter asburiae,
Pantoca agglomerans, Proteus mirabllis. Ser-
ratia marcegeens. Staphylococcus aureus,
Staphylocoecus cohnit and Staphyloceccus
xylosus (Table, 4). Concerning the orgn of
the Identifled 67 Dacterlal strains, Baclllus
cereus originates from bulchers' ground
beef and frozen paekaged beef sausage:
Bacillus lichepiformis from beel luncheon
and fried hamburger, Bacillus subtllis from
frled becf sausage and [rled hamburger;
Citrobacter freundil [rom [rozen packaged
ground beef and beel luncheon; Entero-
bacter aerogenes [rom frozen packaged
ground beel; Entercbacter asburlae from
butchers’ ground beef; Enterpbacter cloacae
from all types of raw meats; Enterobacter hor-
maechel from butchers’ ground beef, frozen
packaged becf sausage and beel luncheon;
Enterobacter sakazakil from frozen packaged
ground beef, butchers' ground beef and [ro-
zen packaged beef sausage; Enterocaccus fae-
calls from butchers ground becf and beef
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luncheon; Enterococcus faeclum from frozen
packaged beef sausage; Escherichia coll from
all types of raw meats and beef luncheon;
Pantoea agglomerans frum beef Juneheon;
Proteus mirabills from frozen packaged beel
sausage; Pseudomonas aeruginosa from all
types of raw meats; Pseudomonas stutzer

‘from frozen packaged heef sausage and fried

hamburger: Serratia marcescens from froeen
packaged ground beel; Staphylococeus aure-
us [rom [rozen packaged ground beef; Staphy-
locovcus cohnlt from ffed beef sausdge: be-
sides Staphylococeus xylosus from frozen
packaged beel sausage samples (Table, 4}
Several researchers could isolate most of the
aforementioned bacterlal strains from fresh
and processed meats; as Enterobacter saka-
zakil -the new emerging pathogens- from
fresh beef, ground beef and sausage (Goullet
and Plcard, 1686; Watanabe and Esakl,
1964; Kimura et al., 1999 and Leclercq et
al, 20032). Also, Eildaly (1983), Sallam
(1993), El-Daym (2008) and El-Shopary
(2010) could {splate Escherichia coli, Entero-
bacter aerogenes, Pantoea agglomerans, En-
terobacter cloacae, Klebsiella pneumoniae,
Cltrobacter freundif, Proteus mirabills, Strep-
tococcus faecalls, Streptococcus faeclum,
Staphylococcus aureus, Staphylococcus epi-
dermidiz, Baclllus cereus, Shigella spp, Pseu-
domonas aeruginosa, Pseudomonas stutzen,
and Serratia marcescens organisms in Iresh
chilled and [rozen meats as well as in raw and
eooked processed meats like ground beel,
sausage, hamburger and beef Juncheon sam-
ples. similar fo 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 (a*=10 vach).

Stapliplococous ares Bacilius cerens-
Typey of exsmivad samples Amf‘ tﬁ?hm‘f E“f‘“f‘f‘:ﬁc"f' “coaguinse pasitha” - combasinaied
i il - - canianinated savpl tampl
g, | Frowee packeped grouad boet 10 (100%5) 3 (30%) 3 (30%) 9 (90%)
E : § Dutchers” growsd best 10 (190%) 6 (60%) % (80%) 5 (60%)
5 | Frozes packaged besfsausage 10 (106%) 8 (30%) 6 (60%) 5 (00%)
3 Frind beef sausage 15 (100%) 0 {0%) 3 (30%;) 3(30%)
g | § Beelluscbean 10 (100%) 3 (30%) 4 (40%) 3 (20%)
57 | friea banburger L0 (1U0%) 1(30%) 2 (20%) 9 (90%)

N * = nngirber of examined samples.

Table (2): Bacterial populations per gram of Egyptian raw and eacked processed mests (n*=10 each),

Types of exusmined Aerable piate connty Enierpberterinceve cognts ", T tase postst dfm“ " Bavelilur caraus couniz
samples i Mean
i Max | Meso SR | Min | Max | Mesa2SK Min Max | Mesn A SR | Mo [\ P § LSE
Hrozen “y ¢ |
? R . 2250 e t W) [ 5.8x10°
§ packagsd U I P I B T e R Il W o B PR T B 5 4xtt’
g s _grisund beel ; : T
® | Butebers' S s 1.2x0¢ ! 5.8x10 e | 950 L2530
EE grospabeer | VT g | 300N {260t L 1 oa? 2500t Sl | 300 | 00t | e
x Fruzen "
a 8 3xi0 ERIt s snig® o
x prcknged o | z.800° B | m0* 1 10 P 6ot | 8.1
beef sausage ayn® 43, 30 23,10 20 5210
Fried beel ‘ o | 4D’ y | 2400 NEREI
3 T | o 0T BT g’ | 0 B o L T A
Wi Beel , R s ) § 280 YT 5.3x10°
5 E 2. Lunehron xe’ 1 exio slaay | SO 60t S0P 12 300 | 1510 27 90" 140l ¥ SLaxi
Pried 3 o 2640 f v 40’ 2 sy | REERT S
hasburper MK’ | 7.2d0 soome | 1| P £ 700 $alg Jud slaget | 300 Lt O a0
1= number of exesined smugies. Min= mimiim, Max= maximem, SE= sumdard error.

Munsoura, Vet. Med. J, vol. XII, No. 1, 2010



Elgazzar and Mohammed 78

Table (3 Microbiotogical rixk assessment of surveyed Egyptian processed meata (0¥=10 each), through comparing
differenl bacterial populations contained in their tissues with the recommended limits.

N Stphpldcocenr s
Acrabit plat 7] Enterebse curda tan covind » Beckiny cereas reax’
Tyger of examined yamples ” i - i wd’"’: m:m —
pryrmell Budinisiumarol B wew sl kil el B ot by yumral fowt s borios
. [ Feiod borr saumge 10° | 9¢30%) | 10" 0(0%) | 100 | o@%) | <K' | 0{0%)
§ g Baaf ewchean 100 | (0(t00%) | 0 0 (0%) 10’ 4(40%) | <10° | 1{10%)
© B | Fricd Bamburger ' | eQow |  w' 0 (0%) lig 10%) | <10t | 1 (10%)
g | hromes puckaged 107 | 7(70%) | NA+ R ' | 0(0%) | RA
5 g g Betrhers' grovad beel 101 4 (40%) NA [ lﬂ4 2 (20%) MA
S| o pucagedbeel |10 | 6(s0%) | NA W | 300%) | NA
"= tiinler af egamincd fampien. NA *** « pof yvailsbio,

v o fiffyany pecemmended Imils waes tsgosied by Gityert ef sl (2000) for ready-oeal meals sdhifla fir (oW roewis wera statesd by JTMSP (356,

Table (4) : Types and numbers of baclarial strains isolated from Egyptian raw and cooked processed mesfs,
geootyping ’ 16S rRNA gene sequencing” {n*=10 each).

Tyypes of examine] yamples
Types ead numbers of Raw processed meats Cooked procesaed ments
baetexial straimy Frozeo packaged Butchers Froxto pachnged Feied beel Baed i Fried
Arguad beef grgund beef becfmusape |  ssussge | lugcheon | bamburper
- i 1

Baciliay peraws {2
Bacillus Hckenlformds 12} - -
Brciffus subthils (2} v - -
Gitrobscter freundil (2) 1
Enteroducter asrogenes {3 k)
Bneersbacter avburlae (1} -
Entercdacter doacae (1) 1
Erterobocter Benmuéched 77) -
Entershuvter sukamhl] +*(S)
Enterecdecus foecalis (3)
Emterococcus farctum (2; .
i Bxchericlia csit (13) l
Paniced agglarternns (1) >
Profens mirapiits (1)
Preudmmonas aeruginesa (8)
Psendowranay siutver! £3)
Serrafla sircescess (1)
\ Smphviococens aareny (4} - - -
Stophplococens cohndl (1) - - 1 « -
Staphplovoccus xylosus (1) - | - 1 - i - -
Toizl stralus =(67) *** 1) {16} (28) 2} ®) ()
0= wwrplpey of exariped ssinples, A% che puveol seres & hemaksf, ding ra [ at a). (R0
4%+ m the olp aned sumins ware praced up from the plates ol examner procesed mast yamples

1
1

LR E]
a el {em]a

tufe[ua]r fa
1
R

1 (0 1 @[« ;83 ma|rt|ba e}
\
o

pomi 4[| 4
1t imwmie—is [vairags

’

s
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