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Summary                                                          In this paper, biological hazards associated with beef in Pakistan are identified along
the food chain and ranked according to the possibility i) to detect the hazard during
meat inspection, and ii) that the risk would increase during cold storage of beef or
that it would decrease during thermal meat processing. It appears that meat inspec-
tion has limited potential to control the hazards. Since the demand for beef (including
‘novel’ beef products) is expected to rise particularly in the metropolitan areas of
 Pakistan, it is increasingly important that handling and preparing beef dishes is done
in such a way as to prevent hazardous agents from spreading and multiplying, or to
reduce them to an acceptable level. The clear formulation of- and strict adherence to
Good Manufacturing and Hygiene Practices – as well as the provision of information
to the consumer on residual risks that may persist – is primarily the responsibility of
food business operators. More intensified attempts to educate the consumers on
how to reduce or eliminate these risks need to be undertaken.

                                                                            Keywords: Pakistan, beef, biological hazards, risk management, risk ranking

Zusammenfassung                                         In dieser Arbeit werden die mit Rindfleisch in Pakistan assoziierten biologischen
 Gefahren entlang der Lebensmittelkette identifiziert und gereiht. Die Reihung erfolgt
nach der Wahrscheinlichkeit, die Gefahr bei der Fleischuntersuchung zu erkennen
und der Wahrscheinlichkeit der Änderung des Risikos während der Kühllagerung des
Fleisches und während der Zubereitung (Erhitzung). Es zeigte sich, dass die Schlacht-
tier- und Fleischuntersuchung nur begrenzte Möglichkeiten zur Beherrschung diese
Gefahren bietet. Da der Rindfleischverzehr (einschließlich „neuartiger“ Produkte)
 insbesondere im städtischen Bereich in Pakistan steigen wird, ist es umso wichtiger,
dass der Umgang mit und die Zubereitung von Rindfleischgerichten so erfolgen, dass
der Verbreitung und Vermehrung von Noxen vorgebeugt wird bzw. dass Gefahren
auf ein annehmbares Niveau verringert werden. Die klare Formulierung von Leitlinien
für eine Gute Hygiene Praxis und deren strikte Befolgung sowie eine Information der
Verbraucher über Restrisiken sind eine primäre Verantwortung der Lebensmittel-
unternehmer. Eine intensivere Aufklärung der Konsumenten ist nötig, um die bio -
logischen Gefahren zu verringern oder zu eliminieren.

                                                                            Schlüsselwörter: Pakistan, Rindfleisch, biologische Gefahren,
Risikomanagement, Reihung der Risiken
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Introduction

In developing countries, meat constitutes a small part of the
human diet, but in growing economies, the demand of meat
on the domestic market is going to rise. In addition, meat
export can have a significant economic impact for the
 development of local meat industry. In a previous paper
(Nauman et al., submitted), we provided a review of the
supply chain for beef and beef products in Pakistan. In the
present paper, the characterization of the beef chain is
 linked to the microbial food borne hazards identified in
 Pakistan, and an assessment of consumer exposure and of
the efficacy of control measures is conducted, to allow
 ranking of beef borne microbiological risks.

A recent review on food safety issues in Pakistan
 (Akhtar, 2013) has primarily dealt with non-meat products.
In contrast, the present review focusses on i) identifying the
hazards associated with meat production, processing and
consumption, and ii) critically evaluating how the risks
 associated with major pathogens are currently dealt with.

Biological hazards prevalent in the beef chain
in Pakistan and neighbouring countries, with a
focus on food safety

The demand for fresh natural food, free from diseases,
 pesticide, fertilizers, allergens, additives, preservatives and
GMO’s, is increasing in the developed as well as the
 developing world. Thus, food security is closely linked to
food quality and food safety requirements. Health  problems
related to unsafe food are known since first history was re-
corded. Today, more than 200 diseases are known, which are
transmitted through food (Mead et al., 1999). In this con-
text, Good Management and Hygiene practices are vital as
this will not only help to protect the health of con sumers but
also provide opportunities to access the export markets.

Major biological hazards associated with meat include
spoilage bacteria, pathogenic bacteria (e. g. Escherichia
coli, Salmonella serovars, Brucella, Campylobacter jejuni,
Yersinia enterocolitica, Coxiella burnetii, Listeria mono -
cytogenes, Staphylococcus aureus, Bacillus cereus, Clostri-
dium spp., Mycobacterium bovis, Streptococcus spp.), viral
pathogens and parasites (e. g. Cryptosporidium parvum,
Giardia duodenalis, Cysticercus bovis, Onchocerca spp.,
Taenia saginata, Toxoplasma gondii) (Sofos, 2013). Conta-
mination is hardly avoidable as these microorganisms are
present on animals and in the environment (Stoica et al.,
2014). While some microorganisms thrive in niches on/in
the otherwise healthy animal, others are not a natural part
of the healthy animal’s ‘microbial association’ but – along
the long supply chain from farm to fork including handling,
slaughtering, processing, storage, equipment & utensils,
workers and transportation – may be transmitted to- and
contaminate foods of animal origin (Fig. 1). As is the case
for many other developing countries, documented data
about food safety, food quality and the incidence of food
borne disease are hardly available for Pakistan. Too few
(and even more so country-specific) studies on biological
zoonotic hazards are undertaken and subsequently repor-
ted while the public sector appears to be completely silent
on these issues.

As regards biological hazards and risks associated with
meat production in Pakistan, it is even more difficult to

 retrieve the relevant data. A major objective of this paper
was therefore to report on observations that would allow get-
ting a clearer picture of some of these hazards and risks and
to evaluate if/how these are currently managed in  Pakistan.

Biological hazards – on farm
Both in extensive and intensive beef production systems,
exposure to biological hazards may occur at any stage
(FSANZ, 2013a). These include common food borne
 pathogens such as Campylobacter spp., Clostridium spp.,
pathogenic E. coli, Listeria monocytogenes, Salmonella
spp., Yersinia enterocolitica, Mycobacterium bovis, Brucella
abortus, Yersinia pseudotuberculosis, Mycobacterium
avium ssp. paratuberculosis, Cryptosporidium parvum and
C. muris, and Sarcocystis hominis (Drexler, 2003). As
 recently reviewed by Buncic et al. (2014), microorganisms
are present in the animal’s gastrointestinal tract and on its
skin, i.e. the natural and external environment for biolo -
gical hazards. From these environments, biological hazards
may be spread to the surfaces of carcasses and primal cuts
during slaughter and processing.

Hussain et al. (2008a) detected Brucella antibodies in
8 % of the cattle, 6.92 % of buffalo and 11 % of human
samples in Pakistan. Other authors report sero-prevalences

FIGURE 1: Schematic diagram of the beef supply chain
and potential points of biological hazards entry
(adapted from Buncic, 2000).
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of brucellosis as high as 14.70 % in cattle at government
farms, and 18.53 % in cattle at various private livestock
farms (Nasir et al., 2004). More recently, Waqas et al. (2015)
detected brucellosis in 11 % of cattle.

Aftab et al. (2012) reported that in Peshawar, Pakistan,
hides of 89.6 % animals were contaminated with Salmo -
nella spp. Masood et al. (2013) studied the prevalence of
Cryptosporidium spp. in Lahore, Pakistan and found that
10.5 % of cattle were infected, the highest infection rate
(20.55 %) being observed in animals held at government
farms.

Some epizootic and trans-boundary diseases in beef
 animals such as Foot and Mouth Disease and Rinderpest
(RP) have serious economic consequences in terms of costs
of treatment/vaccination, production loss, meat quality and
product availability (Hussain et al., 2008b). Pakistan has
been declared free from RP in 2007 (FAO, 2011) whilst
FMD is still prevailing, resulting in estimated losses of $ 82
million (Raines, 2011). Data about other zoonotic hazards
could not be retrieved.

Biological hazards – abattoir level
At this stage in the supply chain, meat is exposed to many
internal and environmental biological hazards. These are
introduced during bleeding, trimming, bunging, eviscera-
tion and carcass washing by fecal leakage, contaminated
utensils, knives and other cutting tools (FSANZ, 2013a).
Major microorganisms of concern include: pathogenic
E. coli, Salmonella spp., Staphylococcus spp., Enterobac-
teriaceae, L. monocytogenes, Mycobacterium avium subsp.
paratuberculosis, F. hepatica, F. gigantica, Giardia lamblia,
Taenia saginata and Toxoplasma gondii.

Ayaz et al. (2014) collected samples from the Khyber
Pakhtunkhwa (KPK)  province, Pakistan and found that
8 % of liver samples of cattle and buffaloes were infested
with liver fluke. In a  similar study the prevalence of fascio-
liasis was found to be 17.61 %, of which F. hepatica was
5.7 % and F. gigantica 9.83 %, with mixed infections of
these two species being  revealed in 2.08 % of the livers exa-
mined (Hayat et al., 1986). In another study, Nauman et al.
(2013) reported that 2.1 % of cattle and 4.7 % of buffaloes
slaughtered in Lahore were infected with Cysticercus bovis.
Gulf-Cooperation-Council (GCC) exporting countries are
seriously con cerned about the Cysticercus parasite that is
responsible for a major percentage of all carcass rejections.
As regards  occupational disease, Fatima (2010) reported
that 21.7 % serum samples from slaughter house workers
in Lahore, Pakistan, carried anti-Brucella antibodies.

Tuberculosis and Paratuberculosis were diagnosed in
1 % and 2.5 % of 200 cattle slaughtered in Faisalabad,
 Pakistan (Waqas et al., 2015). Aftab et al. (2012) detected
Salmonella in all of a total of 100 samples from cattle hides,
carcass surfaces and beef cuts sampled along the beef chain
in Peshawer, Pakistan. As regards pathogenic E. coli, no
data were found for Pakistan, but in Amman, entero -
toxigenic E. coli O157:H7 were detected by PCR in 8.3 %,
10 %, and 7.8 % of faeces, hides and carcasses of calves,
 respectively (Osaili et al., 2013).

Khan et al. (2010) analysed the Echinococcosis problem
in cattle by studying a large cattle population slaughtered
in an abattoir in Lahore and reported a prevalence rate of
4.27 % in females and 1.20 % in males; the infection
 frequency order in the various organs was as follows: lungs
> liver > spleen > abdominal cavity. Similar results are
 reported by Anwar et al. (2000). Zahida et al. (2014) repor-

ted that 10 % of buffaloes in Multan (Punjab region) are
carrying Echinococcus.

Biological hazards – storage/processing/distribution
Studies carried out in different regions of Pakistan (particu-
larly in large cities) reveal the current hygiene and proces-
sing conditions that relate to food safety. In particular, pa-
thogenic E. coli, Salmonella spp., Listeria monocyto genes,
Staphylococcus, Enterobacter and B. cereus could be detec-
ted (FSANZ, 2013a). Hassan et al. (2010) examined meat
and meat contact surfaces in retail shops in Karachi, Paki-
stan and (from 342 meat samples and 208 surface swabs) iso-
lated 550 potential pathogenic bacteria including E. coli
O157:H7, Listeria, Enterobacter, Staphylococcus aureus,
Salmonella Enteritidis, Brucella and Shigella with total
aerobic counts ranging from 108 to 1010 CFU/g. In a  similar
study on the prevalence of enterohemorrhagic E. coli
(EHEC) in different meat sources, Hussain et al. (2013)
found an overall prevalence of 11.8 % of EHEC in different
types of meat (beef, mutton, chicken) in Kohat, Pakistan.

Ahmad et al. (2013) detected Salmonella, Staphylo -
coccus and E. coli in beef samples both from the abattoir
and from retail shops in Lahore and found 20 % and 35 %
samples contaminated with Salmonella, 55 % and 70 %
with Staphylococcus and 40 % and 75 % with E. coli,
 respectively. A 100 % prevalence for Salmonella has been
reported by Aftab et al. (2012) for Peshawer, Pakistan.
Hussain et al. (2007) reported the presence of Campylobac-
ter on 10.9 % and 48 % of beef and chicken meat samples,
respectively in three big cities of Punjab (Faisalabad, Laho-
re and Islamabad), Pakistan. Kausar and Hafza (2010)
 recovered E. coli O157:H7 from 83 % samples of beef
taken from different localities. Finally, Nawaz et al. (2014)
screened E. coli strains in stool samples from Karachi,
 Pakistan, for the presence of shiga toxin 1 and shiga toxin
2 genes of enterohaemorrhagic E. coli (EHEC) and entero -
toxigenic E. coli (ETEC), and reported that 16 out of 37
strains carried one or more type of toxin genes. Although
the prevalence of Staphylococcus aureus can exceed 50 %
(Ahmad et al., 2013), the levels of this pathogen are not
 necessarily high, e. g. Hamida et al. (2010) report a maxi-
mum concentration of 20 CFU/g in beef patties.

In search of antibacterial sensitivity, Khatoon et al.
(2014) collected beef samples from Lahore, and found that
85 % samples were positive for major food borne patho-
gens, as Staphylococcus aureus, Bacillus cereus, E. coli and
Campylobacter jejuni. Interestingly, S. Typhi was also
 detected on beef, which indicates contamination of meat
by workers or food handlers excreting this human-specific
Salmonella serovar (USFDA, 2014). Isolates were tested
against fluoroquinolones and aminoglycosides, with the
following order of resistance prevalence: moxifloxacin > ci-
profloxacin > levofloxacin > and tobramycin > amikamycin
> neomycin, respectively.

Material and methods

In order to assess the microbiological safety of traditional
Pakistani beef dishes, we prepared Keema and Bhuna
Gosht according to the description of Bhandare (2014).
Temperature inside meat was measured by thermologgers
(Thermochron®, Maxim Semiconductors, USA).

The impact of “unsafe” food handling and preparation
practices at population level was estimated using the MS-
Excel add-in “Risk Ranger” (Ross and Sumner, 2002).
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Finally, we attempted to rank the biological hazards
identified in the previous sections using a decision tree
 derived from those recently developed in the framework of
EFSA scientific opinions on meat inspection (EFSA, 2011;
2013). First, a “long list” of hazards was composed based
on the data relevant for Pakistan as reviewed in the
 previous sections, and on recent hazard analyses conducted
by the EFSA (2013). The identified hazards were further
characterised according to the decision tree shown in Fig. 2
and subsequently qualitatively ranked. To this end, the
 storage and food preparation habits including time-tempe-
rature categorization were considered.

Results and discussion

Food preparation in the kitchen
and meat consumption practices
Almost all recipes for domestic or restaurant meat pre -
parations suggest a) heating at temperatures ranging from
75 °C to 180 °C aiming at ultimate internal temperatures of
65±2 °C (Bhandare, 2014) and b) extended cooking times
(60–70 min). In a laboratory trial we prepared Keema and
Bhuna Gosht using such recommended procedures and
 recorded the internal temperature of the product. Indeed,
after 4 min. of heating, 86 °C were reached in a minced
meat preparation (Keema) and 77 °C inside the meat
chunks (Bhuna Gosht); these temperatures
were held for 45 min, and the cooling down
of these meals to ambient temperature
(25 °C) took 25 min.

Hence, it may be assumed that most food
borne hazards are likely to be destroyed or
inactivated and that (immediately after
 cooking) – according to international refe-
rences (FSIS, 2015, Government of Canada
Health Authorities, 2014, New South Wales
Food Authority, 2014) – such time/tempera-
ture profiles generally yield microbiological-
ly “safe” beef.

However, all heated products in the Pa-
kistani domestic cuisine have in common
that they A) are either left to cool down for
several hours to ambient temperature (25–45
°C) before being served at noon, or B) may
even be cooled down overnight. Such prac -
tices have been estimated to be common in
more than 50 % of Pakistani homes (Bryan,
2000), which raises concern, e. g. on staphy-
lococcal and  bacillus toxin formation
(FSANZ, 2001). Bryan et al. (1992) reported
that, although following procedure-A)
 renders foods that generally have mesophilic
aerobic colony counts less than 10,000
CFU/g, procedure-B) ultimately results in
counts as high as 106–109 CFU/g, and that
 coliform bacteria and Clostridium perfrin-
gens were isolated from 77 % and 18 % sam-
ples, respectively; only three of 28  samples
contained Bacillus cereus, whilst Salmonella
was not recovered from any of 28 samples.
These findings may also be associated with
cross contamination via addition of  spices
and  garnishment (e. g. mint or coriander
 leaves) as reported by Vij et al. (2006), or

recon tamination via knives, cutting boards and hands of
workers.

In urban busy life where time for proper cooking gene-
rally fails, the consumer increasingly relies on convenience
foods (sometimes based on exotic recipes) and Ready To
Eat (RTE) products. This applies to meat dishes also. Many
food companies enter this market and distribute such
 products, which vary significantly both in quality and price.
The various products’ formulations are based on tradi -
tional (and market-driven) taste preferences. Due to high
temperature changes over the various seasons, many of
these meat products (that are supposed to be ‘shelf stable’)
are sold in frozen form. However, as a result of frequently
occurring shortages of electricity, these food items may
 occasionally indeed harbour pathogenic organisms and
may be the cause of severe food borne illness.

A risk based approach to grade biological hazards in
the meat chain: ranking of hazards and assessment
of impact of food handling practices
The common Pakistani meat preparation practices
 described above allow the assumption – even in the absen-
ce of sufficient reliable prevalence data – that a wide array
of pathogens will be present in (raw or processed) beef
 placed on the market. The ranking of these hazards using
an EFSA-derived decision tree (Fig. 2) is presented in
Table 1.

FIGURE 2: Generic decision tree to rank biological hazards in the beef
chain.
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TABLE 1: Outcomes of risk ranking for major biological hazards prevalent in beef prepared according to the traditional Paki-
stan cuisine.

Type                                             Bovine meat borne        Hazard detectable              Risk increase                   Risk decrease                  Rank
                                                          transmission?                  during meat                   during chilled                during thermal
                                                                                                Inspection? (H/L*)                  storage?                        treatment?

– Virus –

Lyssavirus (rabies)                                          No / Contact, primarily                               Yes (L)                                               No                                                 Yes                                  Moderate
                                                                            through animal bites                           (EFSA, 2013)                                (Bourhy, 1998)                              (Kopcha, 2010)
                                                                                  (EFSA, 2013)

Encephalitis virus                                              No / Vector-borne                                   Yes (L)                                               No                                                 Yes                                  Moderate
(TBEV from family Flaviridae)                                (EFSA, 2013)                                  (EFSA, 2013)                        (Prince and Prince, 2001)                        (A.H.A 2003)

– Prion –

Transmissible spongiform                                             Yes                                                 No                                                 No                                                 No                                      High
encephalopathy                                                    (EFSA, 2015)                                  (CFIA, 2013)                                  (EFSA, 2014)                            (Brown et al., 2000)

– Bacterium –

Pathogenic E. coli / VTEC                                             Yes                                                 No                                                 No                                                 Yes                                  Moderate
                                                                                  (EFSA, 2013)                                  (EFSA, 2013)                                  (EFSA, 2014)                           (Stringer et al., 2000)

Brucella abortus                                                 No /  By contact                                    Yes (L)                                               No                                                 Yes                                  Moderate
                                                                                  (EFSA, 2013)                                  (EFSA, 2013)                         (Abbas and Talei, 2010)                         (CDC, 2012)

Salmonella spp.                                                            Yes                                                 No                                                 Yes                                                 Yes                                  Moderate
                                                                                  (EFSA, 2013)                                  (EFSA, 2013)                                  (EFSA, 2014)                                   (FSIS, 2015)

Streptococcus spp.                                               No / Contact                                       Yes (L)                                               No                                                 Yes                                  Moderate
                                                                                  (EFSA, 2013)                                  (EFSA, 2013)                          (Voidarou et al., 2007)                   (Hvalbye et al., 1999)

Staphylococcus aureus                                                 Yes                                               Yes (L)                                               No                                                 Yes                                  Moderate
                                                                                  (EFSA, 2013)                                  (EFSA, 2013)                              (Albrecht, 2005b)                 (Heinz and Hautzinger, 2007)

Listeria monocytogenes                                               Yes                                                 No                                                 Yes                                                 Yes                                  Moderate
                                                                                  (EFSA, 2013)                                  (EFSA, 2013)                                  (EFSA, 2014)                                  (EFSA, 2013)

Mycobacterium bovis                                         No / by Aerosol                                     Yes (L)                                               No                                                 Yes                                  Moderate
                                                                                  (EFSA, 2013)                                  (EFSA, 2013)                           (Cressey et al., 2006)                     (Cressey et al., 2006)

Campylobacter jejuni                                                   Yes                                                 No                                                 No                                                 Yes                                  Moderate
                                                                                  (CDC, 2014)                                  (EFSA, 2013)                                 (ICMSF, 1996)                   (Heinz and Hautzinger, 2007)

Yersinia enterocolitica                                        No / Food borne                                       No                                                 Yes                                                 Yes                                  Moderate
                                                                                  (EFSA, 2013)                                  (EFSA, 2013)                                  (EFSA, 2014)                              (Bari et al., 2011)

Bacillus cereus                                                              Yes                                                 No                                                 No                                                 Yes                                  Moderate
                                                                                  (EFSA, 2013)                                  (EFSA, 2013)                              (Albrecht, 2005a)                          (Albrecht, 2005a)

Clostridium spp.                                                           Yes                                                 No                                                 No                                                 Yes                                  Moderate
                                                                                  (EFSA, 2013)                                  (EFSA, 2013)                                (USFDA, 2011)                              (USFDA, 2011)

Shigella spp.                                                         No / Contact                                          No                                                 No                                                 Yes                                  Moderate
                                                                                (FSANZ, 2013b)                               (EFSA, 2013)                               (FSANZ, 2013b)                             (FSANZ, 2013b)

Bacillus anthracis                                                          Yes                                               Yes (L)                                               No                                                 Yes                                  Moderate
                                                                                  (EFSA, 2013)                                  (EFSA, 2013)                                  (EFSA, 2005)                                  (EFSA, 2005)

– Parasite –

Cryptosporidium parvum                          No / Food and water borne                              No                                                 No                                                 Yes                                  Moderate
and C. muris                                                         (EFSA, 2013)                                  (EFSA, 2013)                                  (EFSA, 2014)                          (Moriarty et al., 2005)

F. hepatica and gigantica                                No / Contaminated                                 Yes (H)                                              No                                                 Yes                                  Moderate
                                                                       environment (EFSA, 2013)                       (EFSA, 2013)                                  (EFSA, 2014)                                 (PHAC, 2001)

Giardia lamblia and                                        No / Food and water                                   No                                                 No                                                 Yes                                  Moderate
duodenalis                                                       borne (EFSA, 2013)                            (EFSA, 2013)                                  (EFSA, 2014)                                 (USDA, 2013)

Taenia saginata                                                            Yes                                               Yes (L)                                               No                                                 Yes                                  Moderate
                                                                                  (EFSA, 2013)                                  (EFSA, 2013)                                  (EFSA, 2014)                            (Krauss et al., 2003)

Toxoplasma gondi                                                        Yes                                                 No                                                 No                                                 Yes                                  Moderate
                                                                                  (EFSA, 2013)                                  (EFSA, 2013)                                  (EFSA, 2014)                            (Dubey et al., 2005)

Sarcocystis hominis                                                      Yes                                                 No                                                 No                                                 Yes                                  Moderate
                                                                                  (EFSA, 2013)                                  (EFSA, 2013)                                  (EFSA, 2014)                     (Ortega and Sulaiman, 2014)

*H(igh): sensitivity of inspection > 90 % ; L(ow): sensitivity of inspection < 90 %
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All listed hazards – with the exception of prion disease –
are ranked as “moderate” and associated risks would
 appear to be manageable. However, even when proper
meat inspection would be consistently conducted (which
unfortunately is not always the case), most of the hazards
will persist in the beef chain, and they will be reduced or
eliminated only provided suitable preparation techniques
are applied. This essential information needs to be convey-
ed to the consumer (‘risk communication’).

The cooking procedures for traditional beef dishes rely
on time/temperature combinations that should be lethal for
most biological hazards considered in Table 1. Yet, as
 stressed by EFSA (2012), essentially relying on the end-
user (consumer) to eliminate prevailing risks is far from
prudent, as any compromising circumstance (e. g. under-
cooking, recontamination, addition of contaminated gar-
nishing, extended post-cook holding times at room tempe-
rature) may then indeed lead to food borne disease
outbreaks. The relative contribution of food preparation
habits to the risk of acquiring food borne disease can be
estimated by Risk Ranger© software (Ross and Sumner,
2002). Using abovementioned data, relying on current food
preparation practices, a total of 3.8 x 105 cases of food
borne illness would be expected per annum, whereas
 ‘unsafe’ cooking procedures would increase that number
by two log units to 3.8 x 107.

Consequently, given the situation in Pakistan, more
 intensified attempts to communicate with the consumer –
be it in a domestic or gastronomic setting – on the residual
risks persisting in raw and processed food items is vital,
even more so than is the case for the more developed
world. Unless this is effectively achieved, consumer safety
and the minimisation of beef borne diseases cannot be
 warranted.

Conclusions

In Pakistan, beef production is traditionally a side branch
of keeping dairy and draught cattle, but the demand for
beef and also for beef products is expected to rise at least
in the urban centres. Food control systems are in place for
beef export and certain branches of local food supply, but
there is a lack of knowledge on the prevalence of zoonotic
hazards in the beef chain, and the inspection system is not
focused on the hazards of most concern. This, together with
expected changes in beef production and processing is very
likely to cause hazardous situations.

Under these circumstances, it is essential that handling,
processing and preparation of beef products is done in such
a way as to prevent hazardous agents from spreading and
multiplication, or to reduce them to an acceptable level. The
clear formulation of – and strict adherence to Good Manu-
facturing and Hygiene Practices – as well as the  provision of
information to the consumer on residual risks that may
 persist – is primarily the responsibility of food  business ope-
rators. More intensified attempts to educate the consumers
on domestic preparation practices that will further reduce
or eliminate these risks need to be under taken.

Acknowledgment

The first author was funded by a grant of the Higher Edu-
cation Commission of Pakistan.

Conflict of interest

The authors declare that no conflicts of interest exist.

References

Abbas BA, Talei AB (2010): Isolation, identification and bio -
typing of Brucella spp. from milk product at Basrah province.
Bas J Vet Res 9: 152–162.

Aftab M, Rahman A, Qureshi MS, Akhter S, Sadique U, Sajid A,
Zaman S (2012): Level of Salmonella in beef of slaughtered
cattle at Peshawar. J Anim Plant Sci 22: 24–27.

AHA (Animal Health Australia) (2003): Persistence of disease
agents in carcases and animal products. Australia: Scott Willi-
ams Consulting Pty Ltd; Accessed 2015 May 05. Available
from: http://www.animalhealthaustralia.com.au/wpcontent/
uploads/2011/04/WilliamsReport.pdf

Ahmad MUD, Sarwar A, Najeeb MI, Nawaz M, Anjum AA, Ali
MA, Mansur N (2013): Assessment of microbial load of raw
meat at abattoirs and retail outlets. J Anim Plant Sci 23:
745–748.

Akhtar S (2013): Food safety challenges-A Pakistan’s perspective.
Crit Rev Food Sci 55: 219-226. doi:10.1080/10408398.2011.
650801.

Albrecht JA (2005a): Bacillus cereus. Accessed 2015 Apr 23.
 Available from: http://www.foodsafety.unl.edu/pathogens/ ba-
cillus.html

Albrecht JA (2005b): Staphylococcus aureus. Accessed 2015 Apr
21. Available from: http://www.foodsafety.unl.edu/pathogens/
staph.html

Anwar A, Shamim H, Khan M, Qudoos A (2000): Hydatidosis:
Prevalence and biometrical studies in cattle (Bos indicus). Pak
J Agri Sci 37: 29–32.

Ayaz S, Ullah R, AbdEl-Salam NM, Shams S, Niaz S (2014):
 Fasciola hepatica in some buffaloes and cattle by PCR and
 microscopy. Sci World J, pp.5. doi:10.1155/2014/462084.

Bari ML, Hossain MA, Isshiki K, Ukuku D (2011): Behavior
of Yersinia enterocolitica in foods. J Pathog, p. 13.
doi:10.4061/2011/ 420732.

Bhandare SG (2014): Ethnic Meat Products | India and Pakistan.
In: Dikeman M, Devine C (ed.), Encyclopedia of Meat Scien-
ces. 2nd ed, Elsevier Science, UK, 538–542.

Bourhy H (1998): Lyssaviruses. In: Stephenson J, Warnes A (ed.),
Diagnostic Virology Protocols. vol. xii, Springer, New York,
129–142.

Brown P, Rau EH, Johnson BK, Bacote AE, Gibbs CJ, Gajdusek
DC (2000): New studies on the heat resistance of hamster-
 adapted scrapie agent: Threshold survival after ashing at 600 °C
suggests an inorganic template of replication. PNAS 97:
3418–3421. doi:10.1073/pnas.97.7.3418.

Bryan FL (2000): Food safety information and advice in deve -
loping countries. In: Farber JM, Todd EC (ed.), Safe Handling
of Foods. Taylor & Francis, Nwe York, 395–414.

Bryan FL, Teufel P, Roohi S, Qadar F, Riaz S, Malik Z-U-R
(1992): Hazards and critical control points of food preparation
and storage in homes in a village and a town in Pakistan. J Food
Protect 55: 714–721.

Buncic S (2000): Developments in food safety in the meat chain.
Langford food industry conference, University of Bristol, UK
as cited by Baines RN 2000. Food safety in meat-meeting inter-
national regulatory & market requirements. Congreso de pro-
duccion y comercializacion de carne ‘Del Campo al Plato’,
Montevideo Uruguay ; Accessed 2015 Apr 13. Available from:
http://www.academia.edu/1029358/Food_Safety_in_Meat_Mee
ting_International_ Regulatory_and_Market_Requirements

Ausgabe für imr:livelyzachary

Ausgabe für imr:livelyzachary

Die Inhalte sind urheberrechtlich geschützt. Eine Weitergabe an unberechtigte Dritte ist untersagt.

Die Inhalte sind urheberrechtlich geschützt. Eine Weitergabe an unberechtigte Dritte ist untersagt.



Journal of Food Safety and Food Quality 67, Heft 3 (2016), Seiten 61–92 85

Buncic S, Nychas GJ, Lee MRF, Koutsoumanis K, Hébraud M,
Desvaux M, Chorianopoulos N, Bolton D, Blagojevic B, Antic
D (2014): Microbial pathogen control in the beef chain: Recent
research advances. Meat Sci 97: 288–297.

CDC (2012): Brucellosis. prevention. Accessed 2015 Apr 20.
 Available from: http://www.cdc.gov/brucellosis/prevention/
index.html

CDC (2014): Campylobacter. Accessed 2015 Apr 20. Available
from: http://www.cdc.gov/nczved/divisions/dfbmd/diseases
/campylobacter

CFIA (Canada Food Inspection Agency) (2013): Overview of
 Canada’s BSE safeguards. Accessed 2015 Apr 24. Available
from: http://www.inspection.gc.ca/animals/ terrestrialanimals/
diseases/reportable/bse/safeguards/eng/1363896195473/136389
6681768

Cressey P, Lake R, Hudson A (2006): Risk profile: Mycobacterium
bovis in red meat. New Zealand: Institute of Environmental
Science & Research Limited. p. 1–44; Accessed 2015 Apr 25.
Available from: http://foodsafety.govt.nz/elibrary/industry/
Risk_Profile_Myco bacteriumBovis-Science_Research.pdf

Drexler M (2003): Secret Agents: The Menace of Emerging Infec-
tions. Penguin Books, Washington.

Dubey JP, Hill DE, Jones JL, Hightower AW, Kirkland E,
 Roberts JM, Marcet PL, Lehmann T, Vianna MCB, Miska K,
Sreekumar C, Kwok OCH, Shen SK, Gamble HR (2005):
 Prevalence of viable Toxoplasma gondii in beef, chicken and
pork from retail meat stores in the United States: risk assess-
ments to the consumers. J Parasitol 91: 1082–1093. doi:10.1645/
GE-683.1.

EFSA (2005): Opinion of the scientific panel on biological hazards
on Bacillus cereus and other Bacillus spp. in foodstuffs. EFSA
Journal 175, 1–48.

EFSA (2011): Scientific opinion on the public health hazards to be
covered by inspection of meat (swine). EFSA Journal 9: 2351.
doi:10.2903/j.efsa.2011.2351.

EFSA (2012): Scientific opinion on the development of a risk ran-
king framework on biological hazards. EFSA Journal 10: 2724.
doi:10.2903/j.efsa.2012.2724.

EFSA (2013): Scientific opinion on the public health hazards to be
covered by inspection of meat (bovine animals). EFSA Journal
11: 3266. doi:10.2903/j.efsa.2013.3266.

EFSA (2014): Scientific opinion on the public health risks related
to the maintenance of the cold chain during storage and trans-
port of meat. Part 1 (meat of domestic ungulates). EFSA Jour-
nal 12: 3601. doi:10.2903/j.efsa.2014.3601.

EFSA (2015): Food-borne zoonotic diseases. Accessed 2015 Apr
29. Available from: http://www.efsa.europa.eu/en/topics/topic/
foodbornezoonoticdiseases.htm

Fatima M (2010): Brucellosis in a high risk occupational group:
 seroprevalence and analysis of risk factors. J Pak Med Assoc
60: 1031–1034.

FAO (2011): Global declaration the global rinderpest eradication
programme – rinderpest eradication: Success stories and ac-
tions leading to the June 2011. Accessed 2015 Apr 04. Available
from: http://www.fao.org/ag/againfo/resources/documents/AH/
GREP_flyer.pdf

FSANZ (Food Standards Australia New Zealand) (2001): Guide-
lines for the microbiological examination of ready-to-eat foods.
Food Standards Australia New Zealand, Canberra. Accessed
2015 Feb 03. Available from: http://www.foodstandards.gov.au/
scienceandeducation/publications/guidelinesformicrobi1306.cfm

FSANZ (Food Standards Australia New Zealand) (2013a):
 Assessment of microbiological hazards associated with the four
main meat species; Accessed 2015 Mar 03. Available from:
http://www.foodstandards.gov.au/code/proposals/Documents/P
1014-Meat2CFS SD2.pdf

FSANZ (Food Standards Australia New Zealand) (2013b):
 Shigella species; Accessed 2015 Apr 29. Available from:
http://www.foodstandards.gov.au/publications/Documents/
Shigella%20species%20-%20dec%202013.pdf

FSIS (Food Safety and Inspection Service) (2015): Safe minimum
internal temperature chart. Accessed 2015 Mar 10. Available
from: http://www.fsis.usda.gov/wps/portal/fsis/topics/food-safe-
ty-education/get-answers/food-safety-fact-sheets/safe-food-
handling/safe minimum-internal-temperature-chart/ct_index

Government of Canada (2014): Safe internal cooking temperatu-
res; Accessed 2015 Mar 10. Available from: http://healthycana-
dians.gc.ca/eating-nutrition/safety-salubrite/cook-temperatu-
rescuissoneng.php?src=food_nutritionsafe_cook_temp&medi
um=banner_en&campaign =topic footer

Hamida A, Javed A, Fauzia H, Zia UR (2010): Microbiological
quality evaluation of frozen food available in Peshawar city,
 Pakistan. Pak J Biochem Mol Biol 43: 29–32.

Hassan AN, Farooqui A, Khan A, Khan AY, Kazmi SU (2010):
Microbial contamination of raw meat and its environment in re-
tail shops in Karachi, Pakistan. J Infect Dev Ctries 4: 382–388.

Hayat CS, Iqbal Z, Hayat B, Khan MN (1986): Studies on the
 seasonal prevalence of fasciolosis and lungworm disease in
sheep at Faisalabad. Pak Vet J 6: 131–134.

Heinz G, Hautzinger P (2007): Heat treatment of meat products-
Meat processing technology: For small to medium scale pro -
ducers. FAO. Bangkok. Accessed 2015 May 07. Available from:
http://www.fao.org/docrep/010/ai407e/ai407e00.htm

Hussain I, Shahid Mahmood M, Akhtar M, Khan A (2007):
 Prevalence of Campylobacter species in meat, milk and other
food commodities in Pakistan. Food Microbiol 24: 219–222.
doi:http://dx.doi.org/10.1016/j.fm.2006.06.001

Hussain I, Arshad MI, Mahmood MS, Akhtar M (2008a): Sero -
prevalence of Brucellosis in human, cattle, and buffalo popula-
tions in Pakistan. Turk J Vet Anim Sci 32: 315–318.

Hussain M, Irshad H, Khan MQ (2008b): Laboratory diagnosis of
transboundary animal diseases in Pakistan. Transbound Emerg
Dis 55: 190–195. doi:10.1111/j.1865-1682.2008.01026.x

Hussain M, Ashiq S, Shahid M (2013): Molecular detection and
antibiotic susceptibility pattern of Enterohemorrhagic Escheri-
chia coli (EHEC) isolated from different meat sources in
 district Kohat, Pakistan. Abstract book: International Live-
stock Dairy & Poultry Congress 2013; Accessed 2015 Apr 07.
Available from: http://nexusacademicpublishers.com/uploads/
books/20130416223137.pdf

Hvalbye BK, Aaberge IS, Lovik M, Haneberg B (1999): Intranasal
immunization with heat-inactivated Streptococcus pneumoniae
protects mice against systemic pneumococcal infection. Infect
Immun 67: 4320–4325.

ICMSF (International Commission on Microbiological Specifica-
tions for Foods) (1996): Microorganisms in Foods 5: Charac -
teristics of Microbial Pathogens, Blackie Academic and Pro -
fessional, London.

Kausar M, Hafza M (2010): Molecular and immunological studies
of pathogenic Escherichia coli in meat samples collected from
different localities of Lahore. Int J Cell Mol Biol 1: 218–224.

Khan M A, Tanveer A, Younus M, Shafiq M, Saeed K, Ammara
HT. Gill JT (2010): Prevalence, organ specificity and economic
impact of Hydatidosis in the cattle slaughtered In the Lahore
abattoir. Int. J Agro Vet Med 4: 38–40.

Khatoon F, Fatima A, Shahzad KA, Iftikhar F, Sidique K, Qasim
M, Younis M, Butt MS, Qazi MH (2014): Antibiotic sensitivity
of different fluoroquinolones and aminoglycosides against milk
and beef bacterial isolates. Sci Lett 2: 19–23.

Kopcha M (2010): Rabies: A rare but important disease. Michigan
Dairy Review, 15:1–3. Accessed 2015 May 07. Available from:
https://msu.edu/~mdr/vol15no1/ vol15no1.pdf

Ausgabe für imr:livelyzachary

Ausgabe für imr:livelyzachary

Die Inhalte sind urheberrechtlich geschützt. Eine Weitergabe an unberechtigte Dritte ist untersagt.

Die Inhalte sind urheberrechtlich geschützt. Eine Weitergabe an unberechtigte Dritte ist untersagt.



Journal of Food Safety and Food Quality 67, Heft 3 (2016), Seiten 61–9286

Krauss H, Weber A, Appel M, Enders B, Isenberg HD, Schiefer
HG, Slenczka W, von Graevenitz A, Zahner H (2003): Zoo -
noses: Infectious Diseases Transmissible from Animals to
 Humans, ASM Press, Washington, DC.

Masood S, Maqbool A, Anjum AA, Rashid MI, Choudhary Z
(2013): Prevalence of Cryptosporidium oocysts in bovine at
 different livestock farms by conventional and molecular tech-
niques. J Anim Plant Sci 23: 1588–1594.

Mead PS, Slutsker L, DietzV, McCaig LF, Bresee JS, Shapiro C,
Griffin PM, Tauxe RV (1999): Food-related illness and death
in the United States. Emerg Infect Diseases 5: 607-625.

Moriarty EM, Duffy G, McEvoy JM, Caccio S, Sheridan JJ,
McDowell D, Blair IS (2005): The effect of thermal treatments
on the viability and infectivity of Cryptosporidium parvum on
beef surfaces. J Appl Microbiol 98: 618–623.

Nasir AA, Parveen Z, Shah MA, Rashid M (2004): Seroprevalence
of brucellosis in animals at government and private livestock
farms in Punjab. Pak Vet J 24: 144–146.

Nauman K, Paulsen P, Ali I, Nasir J, Smulders FJM (2013):
 Prevalence of Cysticercus bovis in cattle and buffalo in Punjab
and Sindh provinces, Pakistan. Arch Lebensmittelhyg 64:
141–145. doi:10.2376/ 0003-925X-64-141.

Nauman K, Paulsen P, Smulders FJM: Characterization of the
beef chain in Pakistan. J Food Saf Food Qual, 67: 40-46.
doi:10.2376/0003-925X-67-40.

Nawaz B, Ali A, Syed MN, Khan AB (2014): Screening for toxi-
genic Escherichia coli in stool samples of diarrhoeal patients by
polymerase chain reaction. Pak J Pharm Sci. 27: 1571–1574.

NSWFA (New South Wales Food Authority) (2014): Accessed
2015 Mar 10. Available from: http://www.foodauthority.nsw.
gov.au/consumers/keeping-food-safe/cooking-
correctly#.VP7N2fnF_HV

Ortega YR, Sulaiman IM (2014): Sarcocystis. In: Motarjemi Y,
Moy G, Todd E (Ed.), Encyclopaedia of Food Safety. Elsevier,
London, 49–53.

Osaili TM, Alaboudi AR, Rahahlah M (2013): Prevalence and
antimicrobial susceptibility of Escherichia coli O157:H7 on
beef cattle slaughtered in Amman abattoir. Meat Sci. 93:
463–468.

PHAC (Public Health Agency of Canada) (2011): Fasciola
 hepatica: pathogen safety data sheet–infectious substances.
 Accessed 2015 May 07. Available from: http://www.phac-
aspc.gc.ca/lab-bio/res/psds-ftss/fasciola-eng.php

Prince HN, Prince DL (2001): Principles of viral control and trans-
mission. In: Block SS, (ed.), Disinfection, Sterilization, and Pre-
servation. 5th ed, Lippincott Williams & Wilkins, Philadelphia.

Raines R (2011): U.S. and Pakistan combat Foot and Mouth
 Disease. Islamabad: Embassy of the United States. Islamabad,
Pakistan; Accessed 2015 Apr 09. Available from:http://islamab-
ad.usembassy.gov/pr_091311.html

Ross T, Sumner J (2002): A simple, spreadsheet-based, food safety
risk assessment tool. Int J Food Microbiol 77: 39–53.

Stoica M, Stoean S, Alexe P (2014):Overview of biological hazards
associated with the consumption of the meat products. J. Agro-
aliment Proc Technol 20: 192–197.

Stringer SC, George SM, Peck MW (2000): Thermal inactivation
of Escherichia coli O157:H7. J Appl Microbiol 88: 79S–89S.

Sofos JN (2013): Meat and meat products. In: Motarjemi,Y. Lelie-
veld, H. (ed.), Food Safety Management: A Practical Guide for
the Food Industry. Elsevier Science, USA, 120–159.

USDA (2013): Parasites and foodborne illness. Accessed 2015 Apr
29. Available from: http://www.fsis.usda.gov/wps/portal/fsis/to-
pics/food-safety-education/get-answers/food-safety-fact-sheets/
foodborne-illness-and-disease/parasites-and-foodborne-illness

USFDA (2011): Fish and fishery products hazards and controls
guidance: appendix 4: bacterial pathogen growth and inacti -
vation. (pp. 417–438); Accessed 2015 Apr 22. Available from:
http://www.fda.gov/downloads/Food/GuidanceRegulation/UC
M 251970.pdf

USFDA (2014): Retail Food Protection: Employee Health and
Personal Hygiene Handbook. Accessed 2015 May 07. Available
from: http://www.fda.gov/Food/GuidanceRegulation/Retail-
FoodProtection/Industryand RegulatoryAssistanceandTrai-
ningResources/ucm113827.htm

Vij V, Ailes E, Wolyniak C, Angulo FJ, Klontz KC (2006): Recalls
of spices due to bacterial contamination monitored by the U.S.
Food and Drug Administration. The Predominance of Salmo-
nellae. J Food Protect 69: 233–237.

Voidarou C, Vassos D, Kegos T, Koutsotoli A, Tsiotsias A, Skou-
fos J, Tzora A, Maipa V, Alexopoulos A, Bezirtzoglou E
(2007): Aerobic and anaerobic microbiology of the immersion
chilling procedure during poultry processing. Poult Sci 86:
1218–1222. doi:10.1093/ps/86.6.1218

Waqas A, Javed MT, Ashfaque K, Mehwish Q (2015): An abattoir
based study on brucellosis, bovine tuberculosis and paratuber-
culosis in buffaloes and cattle at Faisalabad, Pakistan. Int. J Vet
Health Sci Res 3: 34–38.

Zahida T, Furrah N, Mushtaq HL (2014): The prevalence of
 Hydatidosis in sheep and buffaloes at Multan, Punjab, Paki-
stan. Global Veterinaria 12: 332–335.

Address of corresponding author:
Univ. Prof. Dr. Dr. h.c. Frans Smulders
Institute of Meat Hygiene,
Meat Technology and Food Science,
Department of Farm Animals and Veterinary Public
Health,
University of Veterinary Medicine Vienna,
Veterinaerplatz 1, 1210 Vienna
Austria
frans.smulders@vetmeduni.ac.at

Ausgabe für imr:livelyzachary

Ausgabe für imr:livelyzachary

Die Inhalte sind urheberrechtlich geschützt. Eine Weitergabe an unberechtigte Dritte ist untersagt.

Die Inhalte sind urheberrechtlich geschützt. Eine Weitergabe an unberechtigte Dritte ist untersagt.


