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ABSTRACT

Escherichia (E.) coli is an important microbiological sanitary indicator and O157:H7 is one of its serious
pathogenic serovars in human. Based on an amendment issued by Iranian National Standards Organization at
2010, the acceptable level for presence of E. coli in raw frozen burgers was removed and producers allowed to
made burgers with no obligation in this regard. This study investigated the prevalence and numbers of total
coliforms, E. coli Type 1 and serovar O157:H7 in Iranian beef burgers which will be useful in a national monitoring
program. Over a 6-month period, 200 frozen burger samples were purchased from 12 Iranian brands. All samples
wer e subjected to MPN and direct plating on VRBA and subsequent biochemical tests for enumeration of coliforms
and identification of typical E. coli. In addition, the samples were enriched in TSB with novobiocin and plating on
CT-SMIAC and finally confirmed by PCR to identify pathogenic serovar O157:H7. In addition, direct PCR assay
was performed on all samples to identify possible target genes. E. coli Typel was recovered from 32 samples with
counts over 5x10° cfu/g and total coliforms from 56 samples with more than 5x10° cfu/g. E. coli O157:H7 was
recovered from 1 sample (0.5%). Our data showed that some products may be unacceptable for consumption. It is
recommended that based on national circumstances, the minimum allowable level of E. coli in burgers should be
specified by the government authority to ensure public health. Also, a zero tolerance policies for E. coli O157 in
meat products could be useful.
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INTRODUCTION

Coliform bacteria are a group of Enterobacteriadeasly that lives in the intestinal tract of hunsaand animals.
They are important microbiological sanitary indaat which emphasizes hygiene in processing andlingnof
products.Escherichia coli is one of the most important species coliforms potgntially able to cause illness, either
diarrhea or iliness outside of the intestinal tidety, 1992).
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EnterohemorrhagidcEscherichia coli 0157:H7 (EHEC) is one of the most important of dborne pathogens
producing Verotoxin and has been traditionally aggted with foodborne infection from consumptiorf@bds with
animal origin, particularly those originating froocattle, such as ground beef and burgers (Williatal.e 2000,
Willshaw et al., 1994).

There have been several reports of isolation ofotiganism from meat products in different count(i€agney et
al., 2004, Chinen et al., 2009, Vernozy Rozand |gt2®02). Little is known about the prevalence Efcoli
0157:H7 in ground beef and beef products in Irdre{gh et al., 2013).

Minced beef mostly used for production of burgerdran. Since this kind of products are marked r@s¢rvatives
free, based on European standards the maximunabdéetevel ofE. coli in fresh ground beef and beef burgers is
500 and 5000 cfu/g respectively. According to taeommendations of the commission if the higherllévan the
limits was observed, it is necessary to tempordrdit production lines to improve the sanitary aetbry and use
good manufacturing conditions meats (European Casion, 2005).

Iranian National Standards Organization does netifipally state acceptable Enterobacteriaceae catiforms
numbers in minced meat and derivatives. Accordmthe ISIR. No: 2304/ Act of 2009 the presencéoéoli in
raw frozen burgers was unacceptable. However, basd®IR NO: 2304 amendment No 1/2010 the limialgt
was removed and producers allowed to made burgérsww obligation in this regard.

The aim of this study was to determine the numbérliforms, totalE. coli typel and serovét. coli O157:H7 in
Iranian burgers sold in Ahvaz supermarkets to compae data with little previously reported, whiehl be useful
in a national monitoring program. In this study, ueed culture-based conventional methods in cortibmavith

PCR assay using 2 pairs of specific primers tangetl7, 0157 genes for confirmation®Bfcoli 0O157:H7 isolated
from burger samples. Also direct PCR assay was daral samples to identify possible target genes.

MATERIALSAND METHODS

Sample preparation

In this cross-sectional survey, during a six mgp¢hiod a total of 200 frozen beef burger samplas wifferent
production date and batch number (30-35 sampleimontade by 12 producing company located in differe
provinces in Iran, were purchased from local distrors in Ahvaz city. Selected manufacturers wéee major
producer in their regions. Burger boxes were cheédkebe completely frozen and in shelf-life perictsl then
transferred to the laboratory under cool conditiansl were subjected to microbiological analysiscpdure as
describe below.

Enumeration of coliformsand E. coli by colony-count technique

Samples were analyzed using the method describ&8My832:2006 (ISO 4832, 2006). Briefly, 10 g sempvere
homogenized by a stomacher (250 rpm/1 min) withn®0rolumes of saline suspension and serial diltiomas
made. Then 0.1ml aliquot of each dilution was sprea sterile petri dishes containing violet recelglucose agar
(VRBGA) (Merck). Plates were incubated at 37°C ¢ h and counted the pink and red colonies which
presumptive coliforms. To enumerdke coli, the plates containing at least 3-5 typical casnivere selected.
Colonies were identify by subculturing into two &sbof brilliant green bile broth (BGBB) (Merck) daining a
Durham tube, and into1% trypton water. Incubateutre of BGBB at 37°C and the second tube of BGB® the
trypton water at 44°C for 24h. Colonies with gasduction in both BGBB tubes with Indole positive rere
subcultured on Eosin methylene blue agar (EMB) &8eln, Spain) to check Green metallic shine andsomea as
typical E. cali.

Enumeration of coliformsand E. coli by most probable number technique (M PN)

MPN technique described by ISO 4831:2006 (ISO 48806) was used to enumeration coliforms &ndoli in
parallel for all samples. A serial dilution of samfrom 10" to 10° was prepared. 3 tubes in 3 sets of lauryl tryptose
broth containing durham tube also were made. Thestwere inoculate with 1 ml of each diluted sangid
incubate at 37°C for 24 h. Tubes showing gas prid@uconsidered as positive coliform. The positivbes were
used to compute the number of coliforms using eatévable and also were subjected to calclaili typel by
subculturing in BGBB and trypton water as describetbre.
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I solation and identification of E. coli O157:H7

All samples were examined for the presenc&.afoli O157:H7 by regular procedure. 10g amount of eachpse
was added to 90 ml tryptone soy broth (TSB) (QueGdmada) supplemented with novobiocine (20 mgigma)
and homogenized. After incubated for 24 hours AC37200ul suspension was spread onto Cefixime fidéu
Sorbitol MacConkey agar (CT-SMAC) (scharlau, Spaopplemented with cefexime (0.25mg/ml) and teturi
potassium (2.5mg/ml). Plates were incubated forh@drs at 37°C and examined for typidal coli O157:H7
colonies (colorless, circular with brown center azoés). The colorless colonies of non-sorbitol-feming
presumptiveE. coli O157:H7 were plated onto both Eosin-Methylene Bagar (EMB) (Scharlau, Spain) and
tryptone bile x-glucoronide (TBX) (Merck) and wereubated at 37 °C for 24 hours. White color codsnbn TBX
and displaying a green metallic shine on EMB agsc®d strain td. coli O157:H7 were subjected to PCR
analysis.

The PCR procedures

DNA extraction

Extraction was performed using a modification af thethod previously described by Lopez-Saucedb @iagpez-

Saucedo et al., 2003). Presumptiveoli O157:H7 colonies separately were grown overnight in SmBES 37 °C.
These cultures were centrifuged (Hitachi 1110, Gayi), the pellet was resuspended in 1 ml of stelidilled

water, and samples were heated at 100 °C for 10 Afiar heating, the suspension was again centiugnd the
supernatant was used as the PCR template.

Polymerase chain reaction and electrophoresis

Presumptive colonies were subjected to PCR assagniplification using 2 pairs of specific primemsg¢luding:
(FIiC) H7 and 0157 according to the following progranitiah denaturation at 94 °C for 3 min, and thencg6les
comprising denaturation at 94 °C for 45 s, anngatin60 °C for 45 s, and an extension at 72 *@G6s. Following
this, a final extension at 72°C for 5 min was cairiout. Each PCR tube contained j#A5of reaction mixture,
consisting of 2.5 pl PCR buffer (10x), 1.5 pl MgC@0 mM), 1 pl dNTP (10 mM), 0.5 pl Taq polymerd8es U),
4 ul of a mixture of the 2 forward and revisedmis (15 uM), 10.5 ul ddH20 andyb of template extracted
DNA. The mixture was then processed in a thermecy{Bioer Technology Co., China). The targets, prim
sequences and amplicon sizes for the PCR prodrethawn in Table 1.

The amplified PCR products were detected by elpbiveesis (Paya pajoohesh, Iran) and staining aswhiized
under UV light illumination (UVT-20 SL, Iran).

Direct DNA extraction

To detect presumptive. coli O157:H7 in burgers which may not be detectabletijure plating procedure, in
parallel direct DNA extraction was performed. BlyeflOg amount of each sample was added to 90 niR il
homogenized. After incubation for 24 hours at 376@e milliliter of the enriched broth was centriéahat 14,000
rom for 3 min. Bacterial pellet was resuspendediinL of sterile normal saline and was subjected ddiry
procedure for DNA extraction as described before.

RESULTS

The present survey focused on monitoring the enatioer of coli forms,E. coli typel and pathogenic serovar
0157:H7 in frozen Iranian burgers. Of the 200 burggmple tested, 56 were contaminated with coliformore
than 5x18 cfu/g and 32 samples h&d coli more than 5x10cfu/g, which is higher than European standard. The
levels of contamination of burgers to coliforms &doli are presented in Table 2.

E. coli O157:H7 was first isolated from 1 (0.5%) of to28l0 burger samples by cultural procedure. Isolatesin
then tested by PCR for the presence of 0157 an@)(H7, the specific gene for genetic identificatiof E. coli
0157: H7, and the results indicated that both gese present in the strain (Fig. 1). However, naergirain was
detected by direct DNA extraction method.

DISCUSSION

Burgers are popular RTE foods due to their conver@eand richness in flavors. They can serve ascheffir
deleterious or pathogenic bacteria to people ang caase illnesses (Gormley et al., 2011). Unfortelyaburgers
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have been rarely studied for their microbiologigahlity. Monitoring levels and presence of micramigms is an
important step in GMP and HACCP programs. For ragatproducts such as burgers, safety and qualifinalf
products can be estimated by the enumeration dcatmt micro-organisms including. coli and other coliforms
(Jay, 1992)E. coli is a specific subgroup of coliforms which can irad& possible fecal contamination, inadequate
heat treatment and poor hygienic condition of féaehdling (Akbarmehr and Khandaghi, 2012). Also évegal
reports stated that the burgers and minced beetharenost important vehicle for the transmissiorpathogenic
serovar O157:H7 (Williams et al., 2000, Willshawakt 1994).

This study was aimed to evaluate the level of iwdi@rganisms such as coliformB,coli and the pathogenic
serovar O157:H7 in burgers sold in Ahvaz (South-Wes) supermarkets. Our data showed that mone $4a6%

of samples are contaminated to the coliforms witfieknt levels, whereas 56 samples (28%) have been
contaminated to coliforms with more than 5%if0/g. This finding clearly shows the poor sanitagndition in
some factories. High contamination to typi€alcoli also was observed where contamination of 32 sai{g2s)
exceeds the allowed maximum limit issued by Europsanmission (5x1%&fu/g).

The data could be compared with other studies adbe world. For example in India, 22 (7.33%) sasp(11l
pork, 4 chicken, 4 beef and 3 carabeef) exceededrtit for E. Coli (100/gram maximum)(Kumar et al., 2014). In
another study in this country fecal coliform cofnam 1.8 - 5.3 x 19in ready to eat meat products like beef tikka
and beef sammi kabab. The author's emphasis teamthst of the ready to eat meat products samples we
considered to pose health risk to consumers ardt $tygienic and sanitary measures are necessafrngdu
processing, storage and marketing (Kumar et al120

In a study the mean counts (CFU/g) of total medapherobic bacteria, the coliforms aldcoli in Turkish cig
kofte (raw consumed spiced meatball) were 5.5% 20 x 16 and 2.6 x 1®respectively. Again authors wrote that
the relatively high bacterial counts and statusarboring some foodborne pathogenic bacteria, quéatily E. coli
raise concerns regarding the hygienic quality af maaterial and the handling process of RTE foodd &s
potential risks for public health (Cetinkaya et aD12).

In Iran, Tavakoli and Riazipour (Tavakoli and Rjzair, 2008) showed served meat cooked in restupentisl be

contaminated with coliform and pathogenic bacter@uding E. coli andS. aureus. They reported 50% coliforms
contamination of 216 samples examined in theirstldhey also reporte®. aureus andE. coli contaminations
14.2% and 12.6% of samples such as grilled groueat ngrilled chicken and beef burger respectiviglyanother

study microbiological quality of Bonab kebebs swidTabriz was studied and 1.69-5.3 Log (cfu/gr) waorted

(Nemati et al., 2008).

In a study on meat products in West Azarbaijan ime®; 5% of samples were unacceptable accorditigetéranian
national standards (Kheyri et al., 2014). In SamarnVest of Iran) and In Ahvaz (South-West of Irahp
prevalence oE. coli in frozen food like beef burger 40% and 52%, retipely, was reported (Enayat et al., 2012).
All of these results clearly support our results.

Also in our study serovar O157:H7 was isolatedrie eample which indicates the risk of consumptibthis kind
of RTE food. Several studies have shown thatoli O157:H7 and other STEC are present in meat predouistly
beef products. For example Cagnetyal. (Cagney et al., 2004) investigated the prevaleswé numbers of
Escherichia coli O157:H7 in minced beef and beefbérs in supermarkets and butcher shops in the Biepof
Ireland. Overall,E. coli O157:H7 was recovered from 43 samples (2.80%)France Vernozy-Rozand et al.
reported 0.12% (4/3450) samples positive Eorcoli O157:H7 in large-scale processed minced beef @zgrn
Rozand et al., 2002). In another study in Argentioatamination of cooked and uncooked beef andkehiturgers
and from chicken carcasses Eecherichia coli (STEC) 0157:H7 was studied. Of the 24 STEC O157sHdins
isolated, 20 were recovered from 19 (6.8%) out @ 8amples of beef and chicken burgers, and 4stfeom 4
(10.3%) out of 39 chicken carcasses (Chinen e2@D9). Other studies found very different resulsiging from
16.8% (50/296E. coli O157:H7 samples in Washington State, USA (Samadgtal., 2002) to a study by Tarr et
al. which did not recover the pathogen from 14@8irground minced beef samples from six storeSeattle, USA
(Tarr et al., 1999).

Few studies indicated the isolation of the bacterin meat products in Iran. For example Rahimi (Ralet al.,
2012) reported a high prevalencebofcoli O157 in beef samples (8.2%), followed by waterfddof(5.3%), sheep
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(4.8%), camel (2.0%) and goat (1.7%). Again, intheo study in Iran, high incidence & coli O157:H7 in
ruminant's meat samples was reported by Momtaz.rgyi288 (29.02%) samples were positive for preserfde
coli. All of the isolates had more than one virulenemeyincluding Stx1, Stx2, eaeA and ehly. (Momtaalet
2013). In South-West of Iral. coli 0157:H7 was found in 6(3.92%) of 153 sheep caesaéShekarforoush et al.,
2008).

Similar to our study, in South- Western of Irane thacterium was recovered in 1% of burger samplathors
indicated that beef burger could be a reservoiEfooli 0157:H7 in Khuzestan Province (Sheikh et al., 2013

CONCLUSION

All above data showing that the burger may contateirto pathogeni€&. coli in high level. Also some paper
indicates that the consumption of burgers is assediwithE. coli O157 infections (Strachan et al., 2006). Although
in the current study only 0.5% of tlecoli isolates were O157:H7 strains, but it has beeorteg that non-O157
strains could be verocytotoxigenic (Karmali, 198®rch and Ratnam, 1986).

This evaluation of the microbiological quality afahian burgers shows that some products may befeuasa
unacceptable for consumption. It is strongly recanded that good precautionary measures must ba take
prevent or reduce its contamination by microorgasisTo achieve this goal, only meat of good miastdgjical
quality should be used for processing. More stiihg®onitoring program implement for preventing roigial
contamination in burger production line. Accorditagnational circumstances, the minimum allowablesleof E.
coli in burgers should be specified by the governmaeitiiaaity to ensure public health. A zero tolerapoticy
could be useful to contrd. coli O157 in meat products in the country.
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