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Abstrac® HACCP is a food safety management
system that has been succefsdly applied across
the food industry for many years. The paper
reviewed the effectiveness of HACCP in
controlling food safety risks in the meat industry,
the integration of HACCP system in food
companies, how HACCP becomes operational,
the influence of HACCP on the company
economy, and how employees can implement
HACCP. HACCP is wery effective in controlling
food safety hazards if applied properly. Human
and financial costs of a lack of control were
examined. Management commitment underpins
all aspects ofthe integration of HACCP within
companies, and is vital for making HACCP
operational. The cost benefits of HACCP were
reviewed; results showed that the application of
HACCP could give operational savings of
$160,000/year, and safety gains from a reduction
of positive Listeria samples from 14%, down to
0% within three years, in two contrasting
companies.
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I. INTRODUCTION

THE original concept of Hazard Analysis and Ciritical
Control Point (HACCP) came into being when NASA
asked Pillsbury to design an effective food safety
control system for their astronaut programme in the
early 1960s. Pillsbury worked with NASA and the US
Army laboratories at Natick [1, 10, 12]. The food
industry quickly saw the potential and took up what
became HACCP, into various food sectors.

In most parts ofhe world, the HACCP systems used
today are based on a version standardized by the Codex
Alimentarius Commission (CodeX) in the late 60s; the
latest revision was published in 2003 [3]. Many guides
to HACCP are available, based on Codex HACCP [16,
12, 17]. Many countries have their own regulations
regarding HACCP, for example, in the US, there are
mandatoryjuice, seafood, meat and poultry HACCP
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programmes with voluntary approaches in other
sectors. In the EU, Regulations 852/2004 and 853/2004
[4, 5] were ntroduced tomoderniseand simplify an
existing complex set of Directives and Regulations
introduced previously. These regulations inform food
business operators (FBOs) of their responsibilities for
safe food production.

Regulation 852/2004 focuses on gerlerovisions
for all FBOs, whereas 853/2004 is focused on those
working with animal products.The food safety
procedures should be based upon HACCP, with
flexibility in approach for smaller FBOs, so that
procedures can be based upon HACCP, but not
necesarily a HACCP system, if this is not appropriate.

This paper will focus on answering the following
guestions concerning HACCP, relevant to the meat
industry:

1. How effective is HACCP in controlling
various food safety risks?

2. How does HACCP become an integdt

systemin food companies?

How does HACCP become operational?

4. What influence does HACCP have on the
company economy?

5. How can employees implement HACCP?

w

[l. RESULTSAND DISCUSSION

A. HACCP and food safety control

The first qguestion
HACCP in controlling
This section will describe selected food safety issues
and examine some cases where problems have
occurred when HACCP is not applied properly.

The main microbiological issues inclu@almonella
spp, Canpylobacter Escherichiacoli, particularly E.
coli 0157, Listeria monocytogenes Clostridium
perfringens C. botulinum parasites such as
Cryptosporidiumparvum and Trichinella spiralis. A
larger number of microorganisms are also implicated in
meat spoilag, for exampleBacillusspp.,Clostridium
spp., Pseudomonas spp., Flavobacterium spp.,
Alcaligenes spp., and lactic acid bacteria, which
although not pathogenic, may still be controlled within
HACCP if criteria for their control fall within safety
parameers for pathogens.

Physical hazards within meat include raw material
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hazards such as bones, connective tissue, horn and
skin, and metal, plastic glass and other items in the
processing system.

Chemical hazards in the raw materials include
veterinary componds and environmental
contaminants, and in the process, cleaning chemicals,
lubricants etc.

How is HACCP used to control these food safety
hazards? Forthe microbial hazards, procedures need to
be in place to minimise the risk of contamination by
microbia pathogens, for example, animal welfare and
hygiene, transportation, and handling up to the abattoir.
Temperature control, including environmental control,
and cooking and cooling profiles for processed
products are also required.

For the other hazards, rqredures to minimise
contamination, either by good farming practices
(chemical hazards), or in process hazardphysical
and some chemical, are required.

The fact that there are relatively few issues with the
meat industry indicates that generally praieg is
kept under control. When procedures are not in place,
or not followed, however, then the consequences can
be disastrous, for example: poor hazard identification,

incorrect identification of critical control points
(CCPs), inadequate critical limjts monitoring
procedures or corrective actions. Finally, poor

implementation and maintenance of the completed
HACCP plan are serious faiings in an otherwise
effective system. HACCP often fails at the application
of PreRequisite Programmes (PRPs): poor ieyg
and/or cleaning; pest problems; building design or
fabric maintenance issues; and poor equipment
maintenance, leading to microbial builh on food
contact surfaces. Some of the following incidents will
illustrate these points.

Undercooking of hambuggs by the Jack in the Box
restaurant chain in the US lead to over 600 cases of
food poisoning, with 500 confirmed to be fraEn coli
0157. There were 200 hospitalisations and four deaths,
all children. The costs to the company were $160
million in lost sdes, and lawsuits for more than $50
million were filed [18].

Poor hygienic practices lead to cross contamination
of cooked meat by E. coli 0157 from uncooked meat in
the cases of Mr Barr in Scotland in 1996 and Mr Tudor
in Wales in 2005. In Scotland, 21 qq#e died. In the
Welsh outbreak, there were 157 cases, with 118
confirmed as E. coli 0O157. There were 31
hospitalisations, and one child died [13,14]. The latter
case was particularly serious given that the
recommendations fromthe Scottish case wereriggho

Cooling a can with river water contaminated with
Salmonella typhprobably caused the typhoid outbreak
in Aberdeen from corned beef in 1964. A pinhole in the
can was the probable entry point. Subsequent slicing of
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the contents of the contaminated capread it to
equipment, surfaces and food items, causing infection
of many more people than should have been the case.
Over 500 people were hospitalised, with three deaths
[15].

B. How does HACCP become
companies?

HACCP is a food safety magament system that uses
quality management techniques to control food safety,
for example, document control, corrective actions,
specification, procedures, a food safety policy,
statistical control, inspection and testing. If companies
already have ISO ®©1-2000, then integration of
HACCP within company systems is easier. Systems
such ISO 22000 and the BRC Global Standard for
Food Safety successfully integrate safety and quality.
Within the EU, member states are encouraged to
produce local guides to goodragetice to enable
effective uptake of HACCP. Within the UK the Meat
Plant HACCP Manual [6] is available to help. This is a
simple guidance manual for meat plants initially
designed to help achieve the objectives of abisked
regime in licensed meat plen In addition, The Guide

to Food Hygiene for the Meat Industry [7] is a much
more detailed document that is also recommended. It
covers operator obligations, prequisites, HACCP,
and advice on how to meet the legal compliance. It
gives detail on commince for hygiene and all other
prerequisites.

Before starting the design of the HACCP system,
companies should carry out a gap analysis, including
training requirements at all levels. Management
commitment is vital to ensure that the results of the gap
analysis are acted upon. Management should help
encourage the development of a food safety culture, so
that all sectors of the company are involved in
HACCP, and resources are available for
implementation of HACCP. The gap analysis may
identify barriers to ACCP that need to be overcome
before HACCP can be implemented effectively. For
example management commitment, inadequate
resources, poor factory layout or design, building fabric
issues, distribution or marketing constraints.

The next stage in HACCP develment is the
appointment of a small HACCP team, made from
production/operations, technical/quality, microbiology
and engineering personnel, with others from, for
example, purchasing and hygiene, brought in as
necessary.

Once the team is in place, the desiof the HACCP
system should be discussed. There have been great
changes in HACCP over the past-20 years, with
most companies now operating procéss HACCP,
whereas formerly HACCP systems were prodadt
and therefore more unwieldy, with many HAC@Rns
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in operation. If relatively few different processes are
used, then a generic HACCP plan could be used, or if
the company has a complex set of processes, then a
modular system could work. Care must be taken to
ensure that mulgite organisations resiv the HACCP
plans for each site, if a more generic approach is used.

A management plan detailing planning and
development stages, and how the HACCP system will
become operational, is also required.

The HACCP team will require training, preferably
with Level 2 (Foundation) minimum for the team
members and Level 3 (Intermediate) for the team
leader(s).

The HACCP team then needs to apply the HACCP
principles to the products and processes that are
manufactured by the company. Operating procedures
are put in pce that cover all aspects of the
manufacturing process.

The completed HACCP plan is then validated,
before 6going l'ived and
Validation means proving that the HACCP system
works; that the hazards identified are correct, that the
contols are appropriate, either by mexjuisites or
CCPs; that the critical limits set by the HACCP team
are sensible; that monitoring is carried out often
enough and by the right people to ensure that critical
limits are under control. Validation means déagjing
the controls in place in the system, and the failure
modes at each control, t o
would happen i f this occur
controls work under all circumstances; at start up, close
down, after cleaning, durg the day shift and the night
shift.

C. How does HACCP become operational?

The operational aspects of HACCP start when

manufacturing product for sale occurs. This means
management making sure that sufficient resources are
available for CCP monitoring at thfeequency within

the HACCP plan, and that records are kept.

Records can be paper or electronic; whichever is
used, they must be controlled, and kept for the
designated period of time. Records include the basic
HACCP documents, and the ongoing process and
monitoring records, including CCP, calibration,
traceability, recall, training, meeting and audit records.

Monitoring systems are set up, which could include
Statistical Process Control (SPC). Procedures for
reporting deviations should be challenged, sat #taff
understand the importance of following the corrective
action plan. Another aspect is the need for feedback to
operational staff, by means of departmental meetings,
electronic and paper notice boards, and individual
feedback where relevant; for ample, if quick action
by a staff member has saved product rejection.

An implementation plan is required, perhaps using
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GANTT or PERT techniques to administer it.
Implementation can be carried out all at once, or in
phases; depending upon the size of thengany and
whether a Quality Management System (QMS) is in
place.

Preliminary basic training by the HACCP team for
all staff should take place in the seven principles of
HACCP, its purpose and function, and the role of all
staff. Line staff will need traing in how the HACCP
system operates, so that they can take over the running
of the HACCP system. CCP monitors and supervisory
staff will require more detailed training relevant to their
roles.

Once the HACCP plan is operational, the system
must be maintaied, and verification that the system as
set up is still being applied should take place. This is
when the real problems can arise; does the HACCP
plan gather dust on a
and being updated, where necessary?

nvarificatiora cibcludes nagditing, r cothpositional,
chemical and microbiological testing. The SPC
procedures set up above are used at this stage, and
reviewed during HACCP team meetings, when
deviations are also reviewed.

Regular internal auditing of procedures, records,
PRPs and hygiene are carried out. Annual external
third party auditing is also undertaken if the company
operates the BRC or another quality and safety

rhahaigerment systéns The &ey pdintis thad all, audiswh a t
interdaPaihd ext@rimal, are independent; moh carded eut t h a

by staff who wrote that aspect of the system.

D. What influence does HACCP have on the company
economy?

There are costs associated with HACCP plan
implementation; staff training, CCP and PRP
monitoring, corrective actions, auditing, HACCP team
meetings, HACCP review. For example, Kilen [9]
noted that a HACCP study could take between 40 days
(6.5 days per person with a gierson team) to 160
days (more complex study, same size team)

Costs include time, product loss, and equipment and
facilities. In contrat, if the company does not have an
effective HACCP, there are also costs associated with
getting it wrong; costs of recalls, a potential greater
loss of product, possibly more recalls, ultimately loss
of public confidence, loss of market share, and legal
consequences, as noted in section Il A.

McAloon [11] noted efficiency savings in the Cargill
turkey business of $150,000 per year, due to studying
the cooling process for a CCP, and reducing losses at
that point. In their oilseeds business, the hazardystu
indicated that an improvement to the location and size
of a critical filter lead to an improvement in the
filtration process that resulted in savings of $60,000 per
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year, and improved customer relations.

In India, HACCP implementation lead to a 46%
increase in output of an ice cream factory, a reduced
frequency of shutdowns for cleaning and sanitation,
and 10% reduction in the costs of poor quality product
within 6 months of implementation. Additional
benefits included a decrease in positivsteria caunts
from 14% of samples to 1% in year one, declining to
zero by year three [9].

E. How can employees implement HACCP?

Employees initially become involved with HACCP by
taking part in HACCP training. If they are appointed
CCP monitors, then a further level afaining and
involvement is required, as detailed above. Training
and commitment is also required in the basic aspects of
the job role, since staff need to be experienced in their
jobs to be effective participants in HACCP.

An audit team needs to be sqt;experienced line
staff are excellent choices for internal auditors, since
they know what the particular jobs entail. Auditors
should be independent of the team that wrote that part
of the HACCP plan, and need training in audit skills
and techniques. Maifaining independence of the
HACCP plan can be difficult, because the HACCP
team often have the best knowledge of the system.
Internal auditors should not audit their own
departments, for the same reason. In either case they
could be members of anotherimuse HACCP team.

Management also need to be involved with and fully
understand HACCP, to ensure that resources are
available for the HACCP team to be able to carry out
the HACCP study and implement and maintain the
system. Management therefore also neamhing in the
principles and requirements of HACCP. All sectors of
management need to be involved, not just production
or operations and technical or quality; sales and
purchasing as wel, as HACCP impinges upon all
aspects of the company culture. The @ppment of a
HACCP Champion is a vital first step. The HACCP
Champion will be a member of senior manage ment
whose role is to liaise between the board and staff, and
communicate HACCP goals to staff. HACCP goals can
be incorporated into company performangmals,
ensuring that HACCP is seen to be of equal importance
to profitable operations. HACCP goals can be part of
company incentive or bonus schemes for good
performance in safety management.

HACCP should be on the agenda of team briefings at
all levels vithin the company to ensure that the food
safety culture concept is promoted throughout the
company. Promotion of food safety can also be by
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production and safety charts on notice boards at
prominent places on the production floor; by the
canteen, outsideest areas, and by publishing safety
data within the company newsletter, and within any
promotional newsletters that the company produces.

lll. CONCLUSION

HACCP is a food safety management technique that
has evolved and improved during its existence, from its
early days with NASA. This paper has reviewed some
aspects of HACCP implementation and the issues
associated with each stage.

Management commitment is the key factor that
underpins HACCP, as without backing from the board,
sufficient resources for HACCP wilnot be made
available, and the HACCP system will gather dust and
not work as an operational system.

Any barriers to HACCP that have been identified
during the HACCP process from initial design through
to implementation should be addressed, and
communicagd to staff.

HACCP is a simple, logical process that should
make life easier, and has the potential to save money
and enhance the company reputation if properly
implemented. HACCP is only as good as the staff that
run the system; adequate training of staffvital for
success.
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Abstractd The specific targeted European research
project EZChain (2006) addresses existing as well as
potential wilnerabilities within food chains. One of
the food chains within the focus of EChain is
dealing with poultry meat. Fundamental for the
assessment of potential vulnerabilities in the chain is
basic knowedge of production processes. To this
end the poultry meat production chain as well as the
feed chain was mapped. Contaminants or groups of
contaminants likely or possibly entering the chain
were identified. Information about entry points to
the chain, speading, control measures, corrective
actions, sampling and detection methods were
added. Information loss and loss of traceability was
considered as having significant influence on the
potential  vulnerahbility of chain steps to
contamination. Therefore the documentation flow
accompanying the product was assessed and
allocated to process steps. Physical and electronic
tags were reviewed. Prioritization of the identified
potential vulnerabilities was accomplished using a
modified FMEA (Failure Mode & Effects Analysis)
method.
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I. INTRODUCTION

Food production chains are becoming increasingly
complex. Every link in the chain must be as strong as
the others if the health and wéleing of the consumer

is to be adequately protected. The specific targeted
European research project
existing as well as potential vulnerabilitiestimn food
chains. One of the food chains within the focus of
FChain is dealing with
During the last years the development of poultry
production was extremely dynamic. The increasing per
capita consumption of poultry meat led to a continuous
increase in production volume. In the same time the
organization of the poultry meat production chain
changed rapidly.

On the one hand integrated production systems were
created meeting the requirements of retailers and
consumers for safe and high qualitroducts.

On the other hand the globalization of the market led to
increasingly long and even global production and
supply chains in poultry meat production. The chain is
becoming increasingly complex.

Long geographic or even cross border steps in the
production chain may be vulnerable to loss in
information about the production history or origin of
the product and as a consequence may result in higher
vulnerability (through inadequate control) of the chain
to contamination, be it accidental or intemitsd

II. MATERIALS AND METHODS

A. Chain Mapping

Food production chains are understood as the collective
links of production (including raw material
production), processing and distribution of food,
including global trade and import, storage, transport,
sale or spply to the final consumer. The food and feed
production chain map is the graphical representation of

these links. Steps in the food production chain map are
940
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shown with symbolic shapes, and the mass flow in the D. FMEA
process is indicated with arrows connectinbe t Failure Mode and Effect Analysis (FMEA)
symbols. methodology is a systematic process meant for
The poultry meat production chain was mapped. Flow reliability analysis. It is a tool to assure product qyalit
charts were designed to identify the single steps in the |t improves operational performance of the production
chain. Following the consideration, that a substantial cycles and reduces their overall risk level. The FMEA
number of contaminants may enter the poultry meat methodology was developed and implemented for the
production chain via the feedhain, the latter was first time in 1949 by the United States Army. In the
mapped, too. 1970s its application field extended to ngeal
B. Contaminants .ma-nufactu.rlng. Today FMEA method is mainly applleq
. in mdtéstnal Prod.uctlon of mach|n?ry an? electronic .

Basing on a consensus expert etcbstésooifood'nsest 2o nNprirori:t
contaminantso was defined C%mﬁodq?ha'sye ? ur{qwuer}/[]'i_n t his
study Wulnerabilities identified are rated according to three
These Aipriority cont amina nzrtlttesfliaab,iet\:/ecth’s I,ikes“_qoct): o(?ft_ O%Cﬁrr(%:r%el?%daé
contaminants such as PCDD/F, PCB and veaeyin eec. . _eveny s he _r_a '”9 0 € hazar

. . . associated with the vulnerability, in the sense of
drugs as well as biological contaminants e.g.

L damage to public health. The likelihood of occurrence
salmonella spp., campylobacter spp., listeria

monocytogenes and E. cUTEC). |nd|cate§ the freque.rlcy of. a . vulnerability . event
~ . . ha pening. Detectability or likelihood %f det®n/
For each of these dApriorit contaml nant so the entry
. . . . . recognition refers to whether the vulnerability or event
points in the chain were identified. Subsequently the h i ilb ticed or detected di i ¢
dynamics of the coatninants in the chain e.g. growth, appening Wit be noticed or detected given fhe curren

) . . . L control measures.
spreading, reduction or exit were examined taking into
account the actual situation with current control
measures.

Ill. RESULTSAND DISCUSSION

Applying the above outlined procedure the poultry
. _ _ meat production chain including the respeetifeed
Vulnerability has been defined as a weakness in the cpain was assessed for potential vulnerable chain steps
system that can result in harm to thestgyn or its to contamination.

operations, especially when this weakness & exploited  potentially vulnerable (to contamination) chain steps

by a hostile person or organization or when it is present  \were found in the feed as well as in the food production
in conjunction with particular events or circumstances.  ¢hain.

C. Vulnerability

Two categories are noted: Basically the possible entryand/or multiplication
point s of the Apriority contam
Susceptibility to contamination;, potentially vulnerable.
State of beingulnerable or exposed. Additionally the consideration that at the intersection

_ ' . points.of internal .tracgabil'ity systems the actua_tl
Within the scope of EChain pgdiict Sracéhsiifyl i€ hdt ioRy depehding BP thé € d
the food production chain, in relation to contamination  effectiveness of the siffe systems but also on their

with agents, hazardous to human heaith. compatibility and a lack of compatibility will lead to an

For the sake of the current study vulnerability was  jncomplete information transfer and thereby to a gap in
understood as lack of traabilty whereas the product traceability led to the fact that chain steps with
imple mentation of this traceability was understood as a  5p inherent change of responsibility for or ownership
combination of: of the product were considered as potentialy

vulnerable, too.
1 The documentation flow accompanying the

product along the chain
1 Appropriate physical and electronic tags including The absolute result of the described assessment
the information about their application procedure makes no claim to be universally valid for
1 Analytcal methods to detects relevant each and every poultry meat production chain. Rather
contaminants  including information  about the found potential vulnabilities bear witness to the
appropriateness and application applicability of the method described.

IV. CONCLUSION
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Listeria monocytogenes microbial modeling,
sodium benzoate, antimicrobial ingredients

INTRODUCTION

Excellent models of the growth of pathogens over
time exist, but are relatively limited in their
usefulness to meat progsors primarily because
they need further validation in actual meat products.
For example, the United States Department of
Agriculture Agricultural Research Service (USPA
ARS) has developed their Pathogen Modelling
Program (PMP) that includes various pagken
models (1). These models are useful to illustrate
the influences of storage temperature, inclusion of
various antimicrobial ingredients, and the like, but
are limited with respect to the performance of the
various antimicrobial ingredients to specifimeat
products. Of the sixListeria monocytogenes
models in the PMP, only one is relevant to typical
meat applications (ground ham stored anerobically)
(1, 2). This paper offers some advice on methods of
conducting such challenge studies to obtain
commecially meaningful data on the growth
potential ofListeria monocytogenes

OBJECTIVES
There are three objectives: 1) explain useful
experimental designs, 2) show a method of

analyzing data using a tirte-growth technique,
and 3) give a pertinent exangpusing a published
study assessing the usefulness of sodium benzoate
as an antimicrobial agent in reattyeat (RTE)
meats (3).

METHODOLOGY

Microbial challenge data in actual meat products
can be difficult to assess caused by the variability
observed inthe data caused by a multitude of
factors and the complexity of the meat products
themselves. The data may also be limited in
usefulness as well since many challenge studies
target only one type of product and the results
cannot be applied to other prodsic It is desirable
from a research point of view to be able to create

Proceedings:

Meaningful modeling of microbial growth potential 263.00

experimental designs that have as wide an
applicability as possible and that are able to deal
with the variability that can exist in microbial
challenge data, especially those of paisdrpublic
health significance.

A design of experiments approach using central
composite designs offer a valuable means of
dealing with the complexities of microbial
challenge studies as long as certain considerations
are well thoughbut. These designare efficient
and offer a systematic investigation of the factors
being tested as well as their interactionsthe
interactions perhaps being the most important part
of the experiment. However, only a limited number
of factors can be observed in any givexperiment
otherwise the scope of the experiment becomes
unmanageable. The skil in developing models
using these designs is to determine and control the
important  factors whie  minimizing and
understanding the ones that cannot be controlled.
Several mdtods to assess the effectiveness of the
factors being investigated exst; these can be
broadly classified into two categories: kinetic
models and timd¢o-growth models. Both can be
quite useful. Where the regulatory authorities
specify zero growth for gthogens, the timto-
growth offers simpler interpretation. In other cases,
the kinetic models may be more useful.

The efficacy of sodium benzoate in combination
with sodium diacetate, sodium chloride, and
product moisture content was tested using araént
composite statistical design. The design consisted
of 16 factorial treatments augmented with eight
axal (star) points and six center points for a total of
30 runs. The number of samples was divided into
three blocks of 10 runs each. The order @&f thins
was randomized.

Time-to-growth (TTG) values were established by
plotting the MOX counts for each product over the
shelf life storage time. Growth was determined to
occur once the average count (three samples per
sampling period) exceeded one Iggeater then the
inoculation level and was sustained over two
sampling periods.
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RESULTS AND DISCUSSION

The benzoate/diacetate example shows that sodium
benzoate is an effective inhibitor oEisteria
monocytogenealong with sodium diacetate, but its
usefuness is also affected by the finished product
moisture content (Fig. 2). This limitation is not of
much consequence unless the amount of sodium
benzoate is limited to a maximum of 0.1%the
currently allow regulatory limit in the USA.

CONCLUSIONS

Such experimental designs as those illustrated here
are quite useful, but must be checked for accuracy
of product formulations and for the determination
of time-to-growth (TTG). One must have clear in
his mind the objectives of the experiment and then
need to be able to make educated choices on the
proper factors, ingredients, storage conditions, and
other factors that may influence the growth of the

Tables and Figures

intended organism. Some of these can and should
be controlled, but for some, control may be
impossible.
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Table 1 Desirable features of a response surface design

Proceedings:

The response surface should:
1. Generate a satisfactory distribution of information about the behavior of the response variabletitrpug
the region of interest
2. Ensure that the fitted value at xgdXR(x), bel as
3. Give good detectability of lack of fit
4. Allow transformations to be estimated
5. Allow experiments to be performed in blocks
6. Allow designs of increasing order to beilbup sequentially
7. Provide an internal estimate of error
8. Beinsensitive to wild observations and to violation of the usual normal theory assumptions
9. Require a minimum number of experimental points
10. Provide simple data patterns that allow ready visual epgtion
11. Ensure simplicity of calculation
12. Behave well when errors occur in the setting s of the predictor variables
13. Not require an impractically large number of predictor variable levels
14. Provide a check on the constancy of variance assumptions
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Figure 1. Schmetic of a®Central composite design

Axial (star) points

<? These are placed at 2* (radius).

/ |maGine

Comments:

The design has a factorial part (box corners and a second
1 order part (axial points)

r3

©)
Facto \r
|

| Experimental error is calculated fromthe repeated center
- Factor> 1 7 points.

In a rotatable design, the error of prediction is equal in all
directions from the center points.

Axial points of the specified factor are set at the center point of
the other factors

Axial points can be centered on the faces of the box as well

Table 2. Regression with Life Data to Determine Factor effects on fov@rowth

General form:
Prediction = constant + coefficient(predictor) +. . . coefficient(predictorgte@aror term)
BO+hIxl+...bx +0 U

Y =

A Y =logfailure time

A Predictors (x1, X2, . . ¥ these can be continuous or categorical; can include interaction®1€x@*x2), orb2(x2)

A Scale ()); the scale parameteFor Weibull, scale = 1.0/shape

A Error term O; the random error term

A Minitab offers eight lifetime distributions: Weibull (default), smallest extreme value, exponential, normal, lognprmal,
logistic, and loglogistic

A Usually choose the one that minimizes thelibglihood and exhibits the best fit gioints on the probability plot.
Usually the Weibull and lognormal work well.

945

Proceedings:

The 55th International Congress of Meat Science and Technology (ICOMST), Copenhagen, Denmark, 16-21 August 2009



ICEMST 2oos

55th International Congress of
Meat Science ond Technology

80 A

75

70 A

65 A

Moisture (%)

60 A

55 A

50

Area of predicted growth

17777

12 y16

Area of no predicted growth

45

T
0.00 0.05

0.10
Benzoate (%)

0.15

Salt content set at 2% and Diacetate content set at 0.1%

0.20

Figure 2. Contour plot of the nfluence of product moisture and sodium benzoate on th®-groavth of Listeria

monocytogenes
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PS506 Ensuring Compliance with Lethality Microbiological Performance Standards for Meat
Products Using Alternative Cooking Procedures for Large, Intact Meat Product333.00

Kerri Harris (1) kharris@tamu.eduAshleyHaneklaué 1), Mayra MarquezGonzaleZ, Lisa Lucial Alejandro
Castillo 1 MargaretHardin 1 WesleyOsburnl JeffreySavelll

(1)Texas A&M University
(2)University of Gualajara

AbstracH The United States Department of
Agriculture - Food Safety and Ins pection Service
(USDA-FSIS) has specific microbiological
performance standards for fully cooked, ready
to-eat products. To assist establishments in
meeting the performance standards, FSIS
developed guidelines for cooking temperatures,
times, and relative humidity. Producers of large
products often find these guidelines too
restrictive and would prefer to utilize alternative
cooking temperatures, times, and relative
humidites to comply with the performance
standard. This project was designed to
determine if alternative cooking paraneters
would comply with the USDA-FSIS performance
standard. Large (10.43 to 12.25 kg), cured bore
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TX 77843 USA (email: llucia@tamu.edu).
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TX 77843 USA (emall: acastillo@tamu.edu).
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W. N. Osburn is with Texas A&M University, College
Station, TX 77843 USA (ail: osbumw@tamu.edu).

K. B. Harris is with Texas A&M University, College Station,
TX 77843 USA (email: kharris@tenu.edu).
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TX 77843 USA (emalil: fsavell@tamu.edu).

Index Termsd lethality, meat, performance
standards, Salmonella

in hams (n = 80) and | arge (O 9'.-derRQ<D§JC):T,|ONuncured

beef inside rounds (n = 80) were obtained and
subjected to ten different treatments. The effect
of alternative lethality parameters on log
reductions of Salmonella Typhimurium and
coliforms, and the toxin production of
Staphylococcus aureusvas evaluated. Products
were subjected to 1 of 10 treatments defined by
varying final internal product temperatures
(48.9C, 54.5°C, 60.0°C, 65.6°C, or 71.1°C) and
relative humidites (50 or 90%). For all
treatments, at least a 6.5 log reduction inS.
Typhimurium was achieved and coliform counts
also were significantly reduced for both hams
and roast beef. S. aureustoxin kits returned
negative results for toxin production across all
treatments for both products. Relative humidity
did not alter lethality effectiveness for any of the
treatments. In conclusion, the results of this
study demonstrate that alternative cooking
temperatures, times, and humidities can achieve
the performance standard established by US DA
FSIS for fully cooked, readyto-eat products.

A. N. Haneklaus is with Texas A&M University, College
Station, TX 77843 USA; (1+97845-3935; fax: 1+979845
9454; email: ahaneklaus@tamu.edu).

M. MarquezGonzalez was with Texas A&M University,
College Station, TX 77843 USA. She is now with the
Depatment of Biology and Phammacy, University of
Guadalajara, Guadalajara, Jalisco 44430 Mexicamdé:
maymago @hotmail.co).

Proceedings:

uring the production of readyp-eat and
partially cooked mat and poultry products,
establishments must meet  microbiological

performance standards set in place by the United
States Department of Agriculture, Food Safety

Inspection Service (USDASIS). These standards,
found in Chapter 9 of the Code of Federal
Requ |l ations (CFR), iset

reduction and limits on pathogen growth that

official meat and poultry establishments must

achieve in order to produce

[5]. More specifically, 6.Hog;o reduction of

Salmonellain readyto-eat beef products and- 7
logip reduction in readyo-eat poultry must be
achieved in readyo-eat products to achieve the
required lethality. [9]

USDA-FSIS published a compliance guideline
entitled, CoApgignenGlidekinesAfor
Meeting Lethaty Performance Standards for
Certain Me a't

validated tocomply with the lethality performance
standards. Establishments that prodlacge hams

and roast beef products may desire to use different
cooking parameters than those provided in the
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guidelines; however, they must have sufficient data
to demonstrate that the microbiological
performance standard is met.

In addition to tempetare and time requirements,
the relative humidity is also important. Several
studies suggest that maintaining a high relative
humidity during the cooking process is needed to
achieve adequate lethality. Injecting steam during
the cooking process has beeused to destroy
Salmonellaon the surface of beef [1, 2]. The
importance of maintaining a high relative humidity
during thermal processing in order to ensure
sufficient destruction oSalmonellais addressed in
the USDAFSIS compliance guidelines fortieality

[3]. These guidelines recommend using a sealed
oven or steam injection to raise the relative
humidity above 90% during the cooking process.
Establishments producing fullyooked, readyo-
eat products often identiffsalmonellaas a food
safety haard and establish critical control points in
their HACCP (Hazard Analysis and Critical Control
Point) systems to eliminate it. Many establishments
utilize the compliance guidelines as support for
their critical limits. Therefore, failure to meet the
comgiance guidelines results in a deviation from a
critical limit that requires them to take corrective
actions to address the safety of the product. The
identification of additional cooking parameters that
comply with the performance standard would allow
edablishments more flexibility when setting critical
limits that ensure the safety of the products.

II. MATERIALS AND METHODS

A. Raw materials

Eighty bonein hams (IMPS # 401A) [4], weighing
between 10.43 and 12.25 kg, and eighty boneless
beef inside rounds (IMPSt 168) [4], weighing
greater than 9.07 kg, were purchased from a
commercial processing facility and shipped frozen
to the Rosenthal Meat Science and Technology
Center at Texas A&M University.

B. Treatment structure

Eight hams and eight inside rounds wereigrssd
randomly to each of the ten cooking treatments.
For both ham and roast beef, each Ilethality
treatment if = 8) was conducted twice, with each

Proceedings:

run O = 4) taking place on separate days.
Treatments are outlined in Table 1.

Table 1 Final internal émperature (°C) and relative
humidity (%) parameters by treatment for lethality

Treatment Temperature Humidity
Number

1 48.9 90
2 54.4 90
3 60.0 90
4 65.6 90
5 71.1 90
6 48.9 50
7 54.4 50
8 60.0 50
9 65.6 50
10 71.1 50

C. Raw material preparabn

Minor processing of each ham and roast took place
before treatment application. For each treatment
group, frozen hams and roasts were removed from
the freezer 40°C) and were allowed to thaw at
approximately 1.1°C. Each thawed ham or roast
was weigked and trimmed free of intermuscular fat
and connective tissue required to expose Khe
gracilis and M. semimembranosusmuscles.
Trimming of the product allowed increased
uniformity between products and a fresh lean
surface for microorganism attachmenturitg
inoculation. During the weighing and trimming
process, each ham and roast were assigned an
individual identification number and an associated
treatment group (run). Following trimming, each
ham and roast were -meighed to assess
compliance with tb weight parameters set forth in
the proposal for this experiment; this weight is
referred to as the Atri
product preparation, hams were cured. Using a
curing pump with a founeedle handalve
injector, hams were stitch pumpdal 20% of their
raw, trimmed weights with a brine solution
consisting of 2% sodium chloride, 2% sucrose, 200
ppm sodium nitrite, 540 ppm sodium erythorbate,
and 5000 ppm of sodium tripolyphosphate.
Pumped hams were weighed to verify initial brine

retenton (O 20% of initial
weight), placed in gondolas (by run), covered with
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plastic, and allowed to equilibrate at approximately
1.1°C for 12 to 15 h prior to thermal processing.
Postequilibration, each ham was -meighed to
determine final line retention.

D. Inoculation procedures

Surfaces of either hams or beef were delineated
with metal pins to differentiate areas for individual
organism inoculation. Approximately 100 €mas
inoculated with the bacterial suspension of eitBer
Typhimuriumor the coliform cocktail with a sterile
disposable spreader (WVR). Approximately 200
cnf was inoculated with the bacterial suspension of
S. aureususing a sterile disposable spreader. The
initial inoculum concentration of each organism on
the ham surfag was approximately 5.8, 8.0, 7.8
0910 CFU/cnt for S. aureus coliforms andS.
Typhimurium, respectively. The initial inoculum
concentration of each organism on the roast beef
was approximately 6.1, 8.2, and 8dfj;o CFU/cnf

for S. aureus coliforms and S. Typhimurium,
respectively. The inoculation area was contained
well within the boundaries established with the pins
(> 3 cm) to prevent run off. Each inoculated ham
or roast beef was allowed a 15 to 30 min dwell time
for proper attachment of the migmanisms. An
initial sample was taken to provide a baseline data
point for which postreatment lethality could be
compared.

Prior to thermal processing, representative samples
were removed from each of the inoculated areas
before cooking by excisingne 10cnf (2 mm in
depth) area, and placing the sample into a sterile
stomacher bag. The uncooked samples were
packed in an insulated cooler with refrigerant packs
and transported from the smokehouse to the Food
Microbiology Laboratory located in the adpnt
building for analysis.

E. Thermal processing

Both hams and roast beef were placed in a
smokehouse and subjected to thermal processing
schedules with varying final internal temperatures.
The treatments consisted of cooking hams and roast
beef at either 8% or 90% relative humidity. Steam
humidity was injected into the smokehouse to
achieve and maintain the appropriate levels of
relative humidity. Hams and roasts were removed
from the smokehouse for sampling when the
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internal product temperatures reachetB.9°C,
54.4°C, 60.0°C, 65.6°C, or 71.1°C, as determined by
treatment designation. The ten treatments for each
product type were derived from cooking the
product to one of five internal temperatures at either
50% or 90% humidity, as previously outlined i
Table 1.

F. Microbiological analysis

Post thermal processing, after the designated final
internal product temperature was achieved, the
hams or roast beef were removed from the
smokehouse and a-t@rf area (2 mm in depth) was
immediately excised from eacoculated area,
placed into a sterile bag, and immersed in an ice
slurry to prevent continued rise in product
temperature. Podathality samples were
transported from the smokehouse area to the Food
Microbiology Laboratory located in the adjacent
building for analysis. For staphylococcal
enterotoxin production assay, approximately 50 g
of lean was excised from the surface of either the
ham or roast beef, placed in a sterile bag, and
immersed in an ice slurry. These samples were
transported to the FoodMicrobiology Lab for
further analysis.

The microbiological analyses taken after each
cooking treatment demonstrated which treatments
met the USDAFSIS lethality microbiological
performance standards by producing at least a 6.5
logio reduction ofSalmondh.

G. Statistical analysis

Data were analyzed using PROC GLM of SAS
(SAS Institute, Inc., Cary, NC). Least squares
means were generated for main effects and
separated using PDIFF option when appropriate
with an alphdevel P < 0.05).

lll. RESULTSAND DISCUSSDON

The initial logg CFU/cnf concentration ofS.
Typhimurium for all treatments was sufficient to
produce a 6#80g;oreduction as shown by Tables 2
and 3.All lethality treatments applied to ham and
roast beef produced palsthality samples with < 1
CFUfcnf of S. Typhimurium,S. aureusvegetative
cells, and coliforms (Tables 4 and 5).
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Table 2. Least squares means of initial Jg CFU/ cnf)
concentration of inoculum by organism for ham lethality
treatments

Table 4 Least squares means of JJp¢CFU/ cnf)
reduction by organism for ham lethality treatments

Ham Ham

Salmonella  Coliforms S. aureus Salmonella  Coliforms S. aureus
MeanInitial concentration 7.8 8.0 58 Mean redction 7.1 6.4 5.7
Minimum initial concentration 6.6 6.9 4.9 Minimum reduction 59 54 4.7
Maximum initial concentration 8.6 8.7 6.7 Maximum reduction 7.9 7.2 6.5
SEM* 0.04 0.04 0.03 SEM* 0.04 0.04 0.04

'SEM = isthe standard error of the least squares means.

Table 3. Least squares means of initial JpdCFU/

*SEM = isthe standard error of the least squares means.

Table 5. Least squares means of Jp¢CFU/ cnf)

cn?) concentration of inoculum by organism for roast reduction by organism for roast beef lditya
beef lethality treatments treatments
Roast Beef Roast Beef
Salmonella  Coliforms S. aureus Salmonella  Coliforms S. aureus
Mean Inttial concentration 85 8.2 6.1 Mean reduction 7.8 75 54
Minimum initial concentration 7.5 7.7 52 Minimum reduction 6.8 70 45
Maximuminitial concentration 9.4 94 6.8 Maximum reduction 8.7 8.7 6.1
FEMm* 0.04 0.03 0.04 SEM* 0.04 0.03 0.04

'SEM = isthe standard error of the least squares means.

Therefore, all internal temperature and relative
humidity combinationsyielded product that met
USDA-FSIS lethality performance standards.
Further, all toxin test kits returnagegative results
for S. aureugoxin production. In some cases, it
may appear that a 6l6g;, reduction in S.
Typhimurium was not achieved. For purposes of
statistical analysis, raw plate counts of < 1
CFU/cnf were represented as a loglue of 0.7.
Therefore, a minimum reduction value of -5,
CFU/cnf for S. Typhimurium appears misleading,
as shown in Tables 3 and 4. If 60,0 CFU/ cnf

is added to 5:8bg;o CFU/cnf, a net reduction of
6.6-10g10 CFU/cnf of S. Typhimurium is observed.

V. CONCLUSION

Temperature, times, and humidities for cooking
other than those defined in USBEASI| S6s
compliance guideline can be used to comply with
the required lethality microbiological performance
standards. The identification of alternative cooking
parameters folarge hams and roast beef will allow
establishments additional choices for processing
these products.

Proceedings:

*SEM = isthe standard error of the least squares means.

The increased flexility associated with cooking
large, wholemuscle cuts, while still complying
with the required performance standards, will also
help establishments ensure product safety and meet
HACCP requirements.
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Challenge test in pilot plant shows the inhibitory effect of organic acid against

psychrotrophic Clostridium botulinum in low -salt meat products439.00
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(1)Danish Meat Research Institute, Maglegaardsvej 2;4000 Roskilde, Denmark

Abstract - For centuries, sodium chloride and
sodium nitrite have been used t@void growth of
C. botulinum in meat products. Due to health
aspects, an increasing interest has arisen to
reduce the sodium content in meat products. The
use of nitrite is also questioned by some
consumers and authorities. This work shows the
inhibitory e ffect of Na-lactate and Naacetate in
meat products with low salt content that were
inoculated with C. botulinum, produced and
packedin a pilot plant facility. The results show
that addition of 2 % Na-lactate or 1 % Na
lactate + 0.25 % Naacetate fails to inhibit
growth of psychrotrophic C. botulinum in MA -
packed meat products (pH 6.3 and 2 %
NaCl/water) stored at 8 °C. However, the
addition of 2 % Na-lactate or 1 % Nalactate +
0.25 % Naacetate to meat products stored at 5
°C inhibits the growth of C. baulinum for at
least three weeks. After four weeks of storage at
5°C a slight increase in C. botulinum count and
CO2 production in the inoculated samples were
seen.

A. G. Koch; is with the Danish Meat Research Institute,
Maglegaardsvej 2, Di4 000 Roskitle, Denmark.
(Corresponding author: phone: +45 46303160; fax: +45
46303132; enail: agl@danishmeat.dk). F. Hansen, is with the
Danish Meat Research Instiiute, Maglegaardsvej 2;4D8B0
Roskilde, Denmark (mail: FH@danishmeat.dk). A. Gunvig is
with the Darish Meat research Institute, Maglegaardsvej 2; DK
4000 Roskilde, Denmark {@ai: agu@danishmeat.dk).

Index Terms - challengetest, Clostridium
botulinum, lactate, meat products with low salt
content, nitrite

I. INTRODUCTION

Psychrotrophic Clostridiunbotulinum is a spore
forming, anaerobic pathogen capable of growth at
temperatures above 3.0°C, salt concentrations
below 5% (agqueous phase) and pH 5.0 [2]. The
Food Standards Agency has elaborated guidance on
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production of raw and readyp-eat vacuum paed

or modified atmosphere (MA) packed chilled food
to avoid growth and toxn formation of
psychrotrophic C. botulinum during the shi# of

the products. The guidance recommends heating to
90 °C for 10 minutes, pH <5, salt % >3.5 (aqueous
phase) or anther combination of heat treatment
and preservative factors to prevent growth and
toxin production by psychrotrophic C. botulinum
[1]. For centuries, salt and nitrite have been used to
avoid growth of C. botulinum in meat products.
Due to health aspectsnancreasing interest has
arisen to reduce the sodium content in meat
products. The use of nitrite is also questioned by
some consumers and authorities. For this reason, it
is necessary to document how NaCl can be reduced
and nitrite omitted from meat pradts without
affecting the safety in relation to growth of different
pathogens. The aim of this work was to investigate
the antimicrobial effect of sodium lactate and
sodium acetate against growth of psychrotrophic C.
botulinum strains in MApacked meat pducts
produced in a pilot plant facility thus mimicking
real production conditions.

II. MATERIALS AND METHODS

A. Bacterial strains and spore suspensions The C.
botulinum strains used were: C. botulinum
DMRICC 3760, 3778, 3779 and 3780. 16S rDNA
analyss have shown that the strains have -9®.0

% homology to C. botulinum type B, E or F but all
strains have shown to be toxin negative in the
mouse assay. The strains were maintained as frozen
stocks at-80°C. The frozen stock was transferred
into Tryptore Peptone Glucose Yeast extracts. The
inoculum was incubated at 30°C for 3 days,
followed by spore production in a twshase
cooked meat modealystem as described in [3].

B. Meat products and inoculation The pork
sausages were produced as previously desri

[4]. The pork batters had the following
composition: pork shoulder, 70 % (W/w);
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breadcrumbs, 7 % (w/w); iewater, 18.6 % (W/w);
wheat flour, 2 % (w/w); caseinate EM6, 1.2 %
(w/w); and sodium chloride, 1.2 % (w/w). To some
batches of meat batters weadded 1.67 % or 3.33
% (w/w) Purac SSP60 (Nactate content 581 %)
(Purac, The Nederlands) or Maetat 0.25 % (w/w)
or Purac SSP60, 1.65 % and-&leetat, 0.25 %. All
additives were from SFK (Avedgre, Denmark). A
four-strain cocktail of C. botulinum wasised to
inoculate the meat batter (9 ml per 3 kg) before it
was stuffed in casings (diameter 92 mm) and
pasteurized to a core temperature of 75 °C within
2.5 hours and cooled to 2 °C within 5.5 hours. Five
different meat products containing different
amownts of preserving fdors were produced
(Table 1).

Meat Sausage

A B C D E
pH 6.2 | 6.3 [ 6.3 [6.2 6.3
Salt % 13 113 |13 |13 1.3
Nalactate % 05 |15 (24 |05 1.4
Na-acetate % 0 0 0 0.12 0.15
Water % 66 67 67 66 67

C. Slicing, packaging and storagdhe meat
sausages were sliced into 6 mm slices and packed
in an atmosphere of 30 % CO2 and 70 % N2. The
package material was NEP and had a OTR of 1.3
ml/m2 (24h, 23°C, 1 atm, 50% RH) and a CO2TR
of approx 5.2 ml/m2 (24h, 23°C, 1 atm, 50% RH).
The packagesvere stored at 5 °C or 8 °C for as
long as four weeks.

D. Gas and microbiological analyses The
concentration of O2 and CO2 was measured before
the packages were opened. A CheckMate 9900
C02/02 gas analyzer (PBI Dansensor, Denmark)
was used for the analgs. Serial dilutions were
made and the C. botulinum count was determined
using Reinforced Clostridium Medium (RCM)
(Merck 1.05410.0500) and modified Shahidi
Ferguson Perfringens agar (mod. SHefr)
consisting of Perfringens agar base (Oxoid
CM0587) contming 5 % Oxoid Egg Yolk
Emulsion (SR0047) but without antibiotics. The
agar plates were incubated in an anaerobic bench at
30 °C for 3 days. Lactic acid bacteria were
measured on APT agar (Merck 1.10453.0500) and
incubated at 20 °C for 5 days to verify the
samples had been contaminated during packaging.

Proceedings:

During storage, the concentration of O2 and CO2
and the number of culturable C. botulinum and
lactic acid bacteria were measured each week.

. RESULTS AND DISCUSSION

Figure 1 shows the increasing CO2ncentration
during storage of meat products with a low s
content.

8°C

% CO2

5°C

% CQ

Figure 1. Changes in the COconcentration in MA
packed (30% C@ 70% N) meat sausages (pH 6.2; 2'
NaCl/iwater) inoculated witlClostridium botulinum A)
Control, B) 1% Ndactate, C) 2% Ndactate, D) 0.25%
Naacetat, E) 1% Niéactate+0.25% Nacetate.Each
column is a mean of two paaes.

Clday 0, day 7,4 day 14 8 day 21 H day
28.

The increase is much more pronounced at 8 °C
compared with 5 °C. The analyses also show that
02 remained low, approx 0 %, throughout storage
(results not shown) indicating no leakers among the
packages. Anincrease in CO2 content indicates
growth of either hetero fermentative lactic acid
bacteria or growth of psychrotrophic C. botulinum.
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The microbiological analyses showed no growth of
lactic acid bacteria in the packages stored at 5 °C
and 8 °C (results nsshown). Thus an increase in
CO2 is most probably related to growth of the C.
botulinum added. The gas analysis (figure 1) shows
an increase in CO2 in all samples during four
weeks of storage at 8 °C and the microbiological
analysis (figure 2) shows ancrease in the number
of C. botulinum during storage. The increase in
CO2 is most pronounced in meat products
containing only NaCl. The more Nactate the
meat product contains, the less the increase in CO2
during storage. The data show that addition &6 2
Na-lactate or 1 % Ndactate + 0.25 % Nacetate
fails to inhibit the growth of C. botulinum in a meat
product with pH 6.3 and approx. 2 % NaCl in the
aqueous phase when stored at 8°C. In samples
stored at 5 °C, an increase in CO2 was found in
products vithout organic acid (A) and in products
containing 1 % Ndactate (B) or 0.25 % Nacetat

(D) indicating growth in these samples. In products
containing 2 % Ndactate (C) or 1 % Ndactate +
0.25 % Naacetate (E), no increase in CO2 was
observed after tiee weeks of storage, but after four
weeks of storage there might be a slight increase in
CO2. The microbiological analyses showed
marginal growth, less than 0.5 log after four weeks
(results not shown). In figure 2, the number of
culturable C. botulinum ding storage at 8 °C is
shown. The results show that the number increases
to a maximum and then it remains almost steady at
that number during four weeks of storage for the
meat sausages containing only NaCl (A). In the
other products containing differemoncentrations

of Nalactate and Nacetate (B, C, D, E), an
increase in colony count is observed during the first
one or two weeks of storage. Then there is a

decrease in the number after three weeks of storage.

At the same time, the CO2 concentrationll sti
increases (figure 1) showing microbial activity.
These results illustrate how difficult it is to measure
growth of C. botulinum using traditional microbial
analysis and how important it is to make
complementary tests on growth and metabolic
activity.

IV. CONCLUSION

This work showed that the growth of
psychrotrophic C. botulinum was affected by-Na
lactate in a MApacked meat product with pH 6.3
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and a low salt content. However, the concentrations
tested in this work were too low to avoid growth
during storge at 8 °C. At the low temperature (5
°C) Nalactate might be an alternative to nitrite, as
growth was delayed for at least three weeks.
However, more experiments are needed to verify
these observations.
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Abstract - In this study using commercially
available Ridascreen® Risk material ELIS A Kit,
evaluate the efficiency of removingBSE specific
risk material from meat products sold in
Obihiro Japan. Further more, efficiency of
using GFAP as a marker protein for detection of
central nervous tissues (CNS) in ageing meat
were evaluated using ELISA kit and western
blotting techniques. Total of 84 meat product
samples were tested. All the tested samples
absorbance values were less than the minimum
detection limit of the kit. To evaluate the effect
of ageing porcine meat obtained from the day of
the slaughter were mixed with 0.5% (W/W)
porcine spinal cord (SC) tissues and allowed to
age at 4°C. Absorption values obtained from SC
contaminated meat after ageing for 0, 4 and 7
days shows significant reduction (P>0.05) of
GFAP with the ageing time. However, after 7
days of ageing clear detectim of GFAP was
possible with Ridascreen ELISA kit. Thus, it
concluded, mixing of CNS tissues with meat
products was found to be completely absence or
less than the minimum detection lewvel of
Ridascreen® risk material kitin Obihiro, Japan.

Barana C. Jayaavdana was with the Graduate School of Animal

and Food hygiene, Department of Agriculture and Life Science,

Obihiro University of Agriculture and Veterinary Medicine,
Obihiro, Hokkido, 0868555, Japan. He is now with the
Depatment of Animal Science, Fagul of Agriculture,
University of Peradeniya, Peradeniya, Sri Lanka. Mitsuo
Sekikawa, Kerichiro Shimada, (Tel:+8155495560, Fax:+81
155495577, email: kshimada@obihiro.ac.jp) Michihiro
Fukushima and Ruvini Liyanage are with the Obihiro University
of Agiculture and Veterinary Medicine, Inatiéachi, Obihiro,
Hokkido, 0808555, Japan Index

Terms- BSE, CNS tissue, GFAP, Meat products
I. INTRODUCTION

Variant Creutzfelddakob disease (vCJID) in
humans is most likely transmitted by consumption
of infectious tssues from animals with Bovine
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Spongiform Encephalopathy (BSE) (Hill et al.,,
1997; Will et al., 1996). Tissues of central nervous
system (CNS) such as brain and spinal cord (SC)
which are classified as specified risk material
(SRM) are regarded to be masource of infection
and carry up to 95% of the total infectivity
(SSC,1999). As a consequence, the presence of
CNS tissue in beef and beef products is banned in
many countries such as USA, Canada, Japan and
the countries of EU. In Japan, current practiges
SRM elimination whether guarantees the total food
safety or not is still a debating question among the
consumers. Thus, qualitative study to determine the
presence of CNS tissue in meat and meat products
in various food outlets of Japan may lead to
enhance the consumer confidence in food safety. In
our previous study (Barana et al., 2009) conducted
in late 2006 reported that total absence of CNS
material or presence was less than the minimum
detection level (0.1% CNS) of the Ridascreen®
Risk material kitin Obihiro Japan. Ridascreen®
Risk material kit (Rbiopharm, Germany) is a
commercially available test kit, which uses the
sandwich enzyme immunoassay for the quantitative
analysis of CNS in meat products, ensues by the
determination of glial fibrillary eidic protein
(GFAP) as a marker for CNS. Since BSE is a very
sensitive issue concerning food safety aspects,
continuous surveillance on implementing strict
controlling regulation to avoid the invasion of SRM
material in to human food chain is necessamthie
present study we analyzed samples of commercial
meat products sold through out Obihiro area in
Hokkaido Japan during December 2008 using
Ridascreen® Risk material kit. In the case of
evaluating ageing meat which is potentialy
contaminated with CNStissue may have the
potential of reducing the presence of GFAP due to
the proteolytic activity during the ageing thus,
experimentally contaminated meat particles with
SC tissues were evaluated for the presence of
marker protein GFAP using the Ridascreeni®kR
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material kit and the western blot method after
ageing.

II. MATERIALS AND METHODS

Meat products analysis for CNS material

A total of 84 meat product samples bought from
different supermarkets throughout the Obihiro,
Japan during the first week of Deceenbwere
simultaneously tested for the presence of CNS
tissue using Ridascreen® Risk material Kit.
Information related to the source of the each meat
sample was obtained using the Japans beef
traceability program. The processed (sausages,
salami) and raw (@und meat/ meat ball) meat
products, which are consumed commonly in Japan,
were included in this study. Extraction and test
steps were performed as described by the
Ridascreen® Risk  material kit producer
(Ridascreen® risk material test, Art No.: 6701) and
absorbance was obtained at 450nm using
microplate reader.

Meat samples contaminated by SC tissues

As seen in the table 1, absorbance values obtained
at different concentrations of bovine and porcine
SC tissues using Ridascreen® risk material kitewe
not significantly different (P<0.05). Therefore, in
the current study, artificially contaminated porcine
SC tissues were used instead of bovine tissues to
avoid the practical difficulties in using bovine
materials. Fresh norcured left pork thighs
were obtained on the day of slaughter and the semi
tendineous muscle was removed from thigh for the
study. Meat was ground and portioned in to units of
50 g and praletermined amounts of freeze dried
SC tissues of porcine were individually added to the
meat prtions and homogenized to yield a final
concentrations of 0.5% (w/w) SC tissues in meat.
Then experimentally contaminated meat was
divided in to three groups and two of them were
vacuum packed and stored in a refrigerator at 4°C
for ageing for 4 days anddays, respectively. The
other group of meat sample was analyzed by
Ridascreen® Risk material 10/5 kit ELISA test and
western blotting without ageing. After ageing for 4
and 7 days, refrigerated two meat samples were
analyzed using the same techniques.

SDSPAGE and western blotting
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SDSPAGE was performed on 15 % Tudycine
slab gel with a 6% stacking gel (Laemmli, 1970) for
the prepared protein samples. The gel was run at 20
mA, until the dye track reached the end of the gels
and stained with 0.1%oomassie Brilliant Blue R
250 in 50% methanol and 10% acetic acid. Proteins
were transferred from the slab gel to a
nitrocellulose membrane by a buffieansfer
method (Towbin et al., 1970; Negishiet al., 1996 ).
Membrane was incubated in phosphlatdfered
saline (PBS, pH 7.4) containing 10% (w/v) skim
milk overnight at room temperature, and washed
three times in PBS for 5 min at room temperature.
Using vector stain ABC kit membranes were
stained for GFAP.

First, membranes were incubated with mouse
GFAP monoclonal antiserum (Clone name: GA5)
40 min at 37°C, and washed three times in PBS.
Then they were again incubated with biotinylated
antimouse secondary antibody for 30 min at 37°C,
and followed by three washes in PBS for 5 min
each.

Finally, membanes were incubated with
avidin/biotinylated horseradish peroxidase and
followed by detection with 3, MNjliaminobenzidene
(DAB) as a chromogen after washed 3 times with
PBS for 5 min each. Each analysis was done at
least in duplicate.

Statistics

Data are presented as the mean and standard
deviation for absorbance values obtained in ELISA
test. Thesignificance of differences among the
absorbance values were analyzed using Duncan's
multiple range test (SAS Institute, USA).
Differences were considered significant at p<0.05.

Ill. RESULTS AND DISCUSSION

According to the Fbiopharm Ridascreen® Risk
materid kit instruction manual the lowest detection
limit is O 0.2% of CNS tissue. However, the
manufactures have stated that any absorption value,
which is 2fold higher than absorbance of standard
1 (0%), provided with the kit, can be valued as
positive results (Ridascreen® Risk material, article
no. R6701, 2005)According to that we determined
our positive cutoff value and all the absorbance
values of analyzed meat samples were less than that
cut off value. This was in line with our previous
findings (Barana et al., 2009) for samples obtained
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from the same arem Japan. Further in previous
study we determined the minimum detection limit
for both brain and SC tissues in minced meat using
the same kit (Barana et al., 2009) and reported that
kit detected both brain and SC tissues at 0.1%,
below its claimed sensitiy level, for brain and SC
combined.

Meat supplies to the Obihiro city mainly come from
Hokkaido region. Hokkaido is the nation's number
one beeproducing region and which is home to the
most of the identified cases of BSE in Japan. Thus,
continuous stveillance in this area may greatly
contribute to the consumer confidence in safety of
the meat. Yeilba] & Kalkan (2005) as well as Kale

et al., (2007) showed that mixing of CNS tissues to
the meat products still happens in different parts of
Turkey.

This was further accompanied by previous studies
conducted in Germany a few years ago (Lucker et
al, 2001; Agazzi et al., 2002), while no previous
literature was available on mixing of CNS tissues to
meat products in Japan. Absorbance values at the
450nm obtained from Ridascreen® Risk material
kit 10/5 kit ELISA test were significantly (p>0.05)
lower from O days of ageing to 7 days of ageing
(Figurel). Thus, it indicates the reduction of GFAP
in ground meat. This was confirmed by the western
blotting results (Figure 2). This reduction in the
presence of GFAP in the meat can attribute mainly
to the protelytic systems in muscle tissues, which
are active in the meat during the paosdrtem
ageing (Sentandreu et al, 2002). Therefore, not
only the GFAP also the other marker proteins, such
as NSE (Lucker et al., 1999), and proteolipid
protein (Sandmeier et.al2006) which are using as
a CNS tissue marker may vulnerable to the
reduction during ageing of meat. However, even
after the 7 days of ageing ELISA kit was able to
detect the clear evidence of presence of GFAP in
experimentally contaminated meat eveough the
contaminated concentration of CNS material is very
low (0.5%).

Most of the beef offered for sale as retail cuts at
supermarkets is aged from 5 to 7 days. Therefore,
the exsting effect of ageing on the protein marker
GFAP not completely diminisdd the effect of
using this kit as a tool to determine the presence of
CNS material in meat products during this study.
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IV. CONCLUSION

According to the results from present study, mixing
of CNS tissues with meat/meat products was found
to be completely absee or less than the minimum
detection level of Ridascreen® Risk material kit in
Obihiro, Japan. Evaluation the effect of ageing of
meat on the CNS marker protein GFAP revealed
the risk of possible under estimation of the presence
of CNS on the meat productvhen analyzed after
the period of ageing. Therefore, further studies on
finding a suitable noriprotein marker for CNS
material need to be enhanced.
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Table 1: The summery of mean absorption values obtaine®idgscree® risk

material kit at various percentages of
(SC). No significance difference (p<0
same tissue concentration of SC.

bovine and porcine sgio@a tissues
.05) between mean absarptadues at

Tissue % SC Tissue
Bovine Porcine
0 0.111 0.128
(0.028) (0.014)
0.01 0.222 0.190
(0.033) (0.009)
0.025 0.466 0.402
(0.090) (0.065)
0.05 0.731 0.625
(0.063) (0.064)
0.1 0.1423 0.1281
(0.063) (0.116)
0.2 2.690 2.138
(0.488) (0.105)

?Bovine (n=4) and porcine (n=6)Mean absorption value

bStandarddeviation values of means in parenthesis
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Figure 1: Absorption values obtained from meat contaminated #@htissues before

ageing or after ageing 4 or 7 days &4Values are expressed as messtandard deviation for
n=3.Different letters denote significantly different values (p<0.05)
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Figure 2: Western blot analysis of GFAP protein. Lane 1: purdBFLane 2:porcine spinal
cord tissue, Lanes 3 to 5 : Meat contaminated with 0.5% spmioal tissues without ageing (C
day), 4 days of ageing and 7 days of ageing respectively.
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Content of ochratoxin A in paired kidney, liver and serum samples from healthy Serbian
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AbstracH Blood serum, kidney and liver sample
per animal were collected from slaughtered pigs
(n=90). The samples were analyzed for
ochratoxin A (OTA) by HPLC methods. Of the
90 liver samples, 26.6% contained OTA in the
range of 0.2214.5 ng/g. The majority of samples
(15.5%) contained OTA between 15 ng/g, while
ochratoxin A in only two (2.2%) samples 6liver
was greater than 5 ng/g. The incidence of OTA
in serum and kidney were very similar (31%,
33.3%), with a maximum concentration of 220.8
ng/mL, and 52.5 ng/g, respectively. The majority
of kidney samples (16.6%) contained OTA at
low lewvels (0.011 ng/g). The concentrations in a
ten samples (11.1%) ranged between-3 ng/g,
while ochratoxin A in five (5.5%) samples was
greater than 5 ng/g. In 2.2% samples of kidneys,
OTA lewvels was considerably higher and greatly
exceed the permissible lewels of thisoxins
established in Serbia and included those
proposed (10 ng/g) by the SCF, and JECFA.
Analyzing the range of OTA lewels in serum
fourteen samples (15.5%), lewvels of ochratoxin A
ranged from 0.1 to 1 ng/mL. The concentrations
in a further eight samples 8.8%) fell between 1
5 ng/mL while the rest of the samples (6.6%) had
concentrations greater than 5 ng/mL.The mean
distribution in tissues followed the pattern
serum>kidney>liver (100>34>17%). A possible
difference in regional distribution of OTA in
Serbian is suggested. This study shows the
presence of OTA in Serbian slaughtered pigs at
levels comparable to those reported in other
countries.

Keywords: ochratoxin A, pig, residue
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I. INTRODUCTION

Ochratoxin A (OTA) is a mycotoxn produced by
Penicillium verrucosumand by several species of
the generaAspergillus OTA occurs in cereals and
cereal products, coffee, beans, pulses, grapes, wine,
and dried fuits. As cereals are widely used in
animal feed, and because OTA is relatively stable in
vivo it can also be found in some animal products,
especially in pig kidney and liver. OTA has been
shown to be nephrotoxic in monogastric animals,
such as pigs and ptiry, carcinogenic in kidney,
teratogenic of the central nervous system and
immunosuppressive in laboratory animd&2, 16,
17]. The presence of OA in pig and poultry feeds
also raises some concern for the livestock industry.
Among farmed animals, pigs rea particularly
sensitive to OTA. This mycotoxn play a special
role in the genesis of Danish porcine nephropathy,
and renal disorders observed in other animals a
syndrome characterized by contracted kidneys with
tubular degeneration, interstitial fibrosisand
hyalinization of glomeruli[6]. It has also been
demonstrated that OTA accumulates in blood and
edible organs, especially kidneys. Therefore, pork
products, especially those that include blood and
kidney, are considered an important source of OTA
in humans[4]. In humans, intake of high amounts
of OTA has been linked to Balkan endemic
nephropathy (BEN), a chronic nephropathy
described in several rural regions of Balkan
Peninsula[13] and associated with an increased
incidence of tumors of the upper mary tract.

a n Becanty; @hAhas Heen suggdsted axplayinglasrole

in testicular cancer (15However, causality has not
yet been established. Several international expert
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groups, such as the Joint FAOMWHO Expert
Committee on Food Additivef5] and the former
European Commission Scientific Committee on
Foodg[14], have evaluated Ochratoxin A in food.
The purpose of this work was (1) tgive an
overview of recent data regarding the occurrence of
OTA in Serbian slaughtered swine, (2) to
investigate the regionalistribution of OTA. We
will also discuss possible strategies for control of
OTA in tissues of slaughtered swine and othir
products.

II. MATERIALS AND METHODS

Sample collection

During six month period (September 2006/February
2007), samples of blood, kidpeand liver from
each animal from healthy slaughtered pigs without
any sign of macroscopic changes of the kidneys
(n=90) originating from three different regions of
Serbia where there is a significant swine industry
were randomly collected in the slaughteuse
during meat inspection. Serum samples were
collected from each studied farm and liver and
kidneys of corresponding animals. About 50 mL
blood/pig was sampled when slaughtered pigs were
bled by jugular puncture. Blood samples remained
at room temperate for 24 h to allow clotting to
occur, and were then centrifuged at 3,009 far 20
min. Serum was decanted and storee?@t°C prior

to analysis. About 100 g of liver and whole kidney
were sampled from each pig. After cutting pieces of
kidney for hisblogical examination, the rest of
sample was homogenized and stored-22 °C
before analysis. No preservatives were added.

Reagents

OTA (benzene free) were purchased from Sigma
Aldrich  Chemie GmbH. Stock concentrated
solution was prepared in tolueaeetc acid (99:1
v/v) at final concentration of 1 mg/mL and stored at
-20 °C, protected from light. The OTA working
solution was prepared by diluting the stock solution
with tolueneaceticacid (99:1 v/v) to~1Ceg/mL.
The actual concentration of OTA was calculated
using UV spectrophotometer set at 333 nin (
5,650). After suitable dilutions in watenethanol
acetic acid (50:49:1 v/v/v), the working solution
was used to prepare the external calibration curve.
A working standard OTA for HPLC was prepared
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daily just before starting the injection of a series of
samples. Other reagents were HPLC grade. All
other chemicals were reagent grade or chemically
pure.

Extraction and clearup for ochratoxin analyses

Extraction ad cleanup for ochratoxin analyses
from serum (0.8 mL) was extracted according to
Curtui and Garei$1] with 15% trichloroacetic acid
(0.2 mL) and dichloromethane (1 mL) by vigorous
vortexing for 30 s in a 2 mL safeck
polypropylene conicabottom centifuge tube. The
mixture was allowed to stand for 24 h at room
temperature, and then centrifuged at 14.000xg for
10 min. The lower dichloromethane phase was
carefully withdrawn by a Pasteur pipette and
transferred to a 1.5 mL sakeck polypropylene
conical bottom centrifuge tube. The acidic phase
and the compact precipitate layer formed between
the two phases were -extracted with
dichloromethane (0.5 mL) for 30 s on a vortex
mixer and then centrifuged for 5 min at 14,000 x g.
The pooled dichloro methaneteact was evaporated
to dryness at 40 °C under a gentle nitrogen flow.
The remaining residue was dissolved in methanol
(80 mL) and transferred to a 3860 HPLC vial.
The limit of detection (signal/nose: 3/1) was
estimated at 0.1 ng OTA/mL, and recoverigas
86.6% (C.V. 9.6%).

Extraction and cleanp for ochratoxin analyses
from kidney and liver were performed by the
method of Matrellaet al, [10] which briefly
includes a double exraction with acidic ethyl
acetate. The organic phase was removed and
extracted with 0.5M NaHC@ pH 8.4. The aqueous
exract was acidified to pia.5 with 7M HPQ,
OTA was finally back extracted into ethyl acetate
(3 mL). The organic phase was evaporated to
dryness under Nsteam, reconstituted in 150L
mobile phase and a 20L aliquot injected. The
detection limit for OTA in organs was 0.14 ng/g
with a 71% (C.V. =12%) mean recovery from
artificially contaminated samples at 3 ng/g (n = 3).

Chromatographic conditions (HPLC)

An aliquot of 20¢L for serumsamples and 56L

for kidneys and liver samples were injected onto a
Waters Symmetry Shield RP (Reversed phase) 18,
high pressure liquid chromatography column

(length and inner diameter 150x4, 6 mm, particle
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size 5em) on a Waters Alliance HPLC system.el'h
column was eluted with 4% acetic acid and
acetonitrile (32:68 v/v) at 25°C and a flow rate of 1
mL/min. Measurements were performed by
fluorescence detection at wavelengths of 334 nm
(excitation) and 460 nm (emission) gains 10. A
volume of 10eL was injected for the standards and
20 ¢L for the samples. For more accuracy, g0
was reinjected in the case of the samples with an
amount of OTA near the detection limit.

Ill. RESULTSAND DISCUSSION

The occurrence and mean concentrations of
ochratoxin A in swine sem, kidney and liver are
summarized in Tables 1 and 2.

Table 1. Inscidence of ochratoxin A in tissues of
slaughtered pigs

Serum (ng/mL)

Region N n (%) X+£Sd C.V. Range
Vladimirci 30 > 0.1+90.57 2.96 0.3%
(16.5) ) ) 2.56
13 0.24
Senta 30 (43.3) 2.336.91 2.9% 35 7
. 10 0.22
Bogat i30 (33.3) 8.58:40.25 4.69 5
28 0.22
Total 90 (31.1) 3.70t23.6  6.37 221
Kidneys (ng/g)
. 8 0.18
Vladimirci 30 (26.6) 0.42t1.2 2.96 6.5
11 0.17
Senta 30 (36.6) 1.14+3.3 2.89 17
. 11 0.26
Bogat i30 (36.6) 2.2+9.54 4.33 505
30 0.17
Total 90 (33.3) 1.26:5.85 4.64 52 5
Liver (ng/g)
. 11 0.32
Vladimirci 30 (36.6) 0.48t0.75 1.55 25
4 0.56
Senta 30 (13.3) 0.84:295 351 145
Bogat i30 9(30) 056117 209 oo
24 0.22
Total 90 (26.6) 0.63t1.87 2.96 145

1. Ochratoxin A in Serum

OTA contamination assessment showed that 28
(31%) of the analy zed serum samples=(A0) were
contaminated in a very wide range from 0.22 to
220.8 ng/mL (mean levels 3.7028.59 ng/mL).
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Table 2. Distribution of ochratoxin A in tissues of
slaughtered pigs in the regions where samples were
collected

Number of samples in the range

Region N Serum

<LOD 0.1°-1 1-5 >5
Viadimirci 30 25 3 2 0
Senta 30 17 6 4 3
Bogat il 30 20 5 2 3
Total 90 62 14 8 6

Kidneys

<LOD 0.14-1 1-5 >5
Viadimirci 30 22 5 2 1
Senta 30 19 5 4 2
Bogati 30 19 5 4 1
Total 90 60 15 10 5

Liver

<LOD 0.14-1 1-5 >5
Vladimirci 30 19 5 6 0
Senta 30 26 1 2 1
Bogat i | 30 21 2 6 1
Total 90 66 8 14 2
N-total number of analyzed samples;number of

positive samplesX -arithmetic mean (conc. below LOD
are regarded

as zero), C.\coeff. of variation. nehot detectablé’

LOD -limit of detection (see Expienental Section).

The incidences of OTA and mean level of
contamination in the three regions where samples
were collected are very different (Table 1), varying
between 16.6% (mean 0.19 ng/g, Madimirci) to
43.3% (mean 2.33 ng/g, Senta). The highest OTA
level 220.8 ng/mL (mean 8.58 ng/mL), with eth
highest coefficient of variation (4.69) was found in
the samples originate
Analyzing the range of OTA levels in fourteen
samples (15.5%), levels of ochratoxin A ranged
from 0.1 to 1 ng/mL. The concentrations in a
further eight smples (8.8%) fell between -3
ng/mL while the rest of the samples (6.6%) had
concentrations greater than 5 ng/mL The
incidences of higher concentrations of ochratoxin A
(>5 ng/mL) in serum was similar to those in kidney
(6.6 and 5.5% respectively), whilechratoxin A
was greater than 5 ng/g in only two (2.2%) liver
samples (Table 2).

2. Ochratoxin A in Kidney

In contrast, our results showed that the frequency of

contamination of OTA was higher in the kidney

than in the serum and liver (Table 1). The ircide

of ochratoxin A among the three regions where

samples were collected varied between 26.6%

(VlIiadimirci) to 36.6%

mean contamination frequency of 33.3%. In regard
963
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to regional distribution of OTA, the average OTA
concentrationin positive samples varied between
0. 42 ng/ g (Vliadi mirci)
where there is the highest concentration of OTA
52.5 ngl/g. The majority of samples (16.6%)
contained OTA at low levels (0.0l ng/g). The
concentrations in a ten samples (®d)lranged
between 15 ng/g, while ochratoxin A in five
(5.5%) samples was greater than 5 ng/g (Table 2).
In 2.2% samples of kidneys, OTA levels was
considerably higher and greatly exceed the
permissible levels of this toxins established in
Serbia and inclded those proposed (10 ng/g) by the
SCF [14], and JECFA [5].

3. Ochratoxin Ain Liver

In the present study, OTA was detected in 24
(26.6%) out of 90 liver samples with a much lower
mean value (0.63 ng/g) than in kidney (1.26 ng/g)
(Table 1). The majority of samples (15.5%)
contained OTA between3 ng/g, while ochratoxin

A in only two (2.2%) samples of liver was greater
than 5 ng/g (Table 2). In regard to the regional
distribution of OTA, the occurrence of OTA among
the regions where samples were collected
different and varied between 13.3% (Senta) to
36.6% (Vladimirci), but the mean level of
contamination was very similar (04884 ng/qg).
The highest OTA level 14.5 ng/g (mean OTA 0.84
ng/g), with the highest coefficient of variation
(3.51) was found inthe samples from Senta.
Comparison with other published data for the
occurrence of OTA and contamination level was
generaly not different from other European

countries such as Sweden, Poland, and Germany, or

in areas of Balkan Peninsula and Canada (Taple
The present work indicates that regional variations
and seasonal differences were observed.
Geographical origin and season were recognized as
the main factor influencing the OTA content of
tissues when samples of the three different regions
were compared. During period Dece mb&ebruary

the mean content of OTA in serum samples in the
investigated regions was significantly different
(p<0.05), while the mean content of OTA in liver
samples was highly significantly different{p.01).

The regional diffeences and seasonal variations
might thus partially explain the concentration
differences in the corresponding formulas, as could
differences in the storage condition of feedstuffs. In
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addition, fluctuations in
contamination level of cereml may

mould growth and
result in

aseasonabvaridtions i diegry e¢pBsuig g0 OTA. The

highest me a n l evel o f
region, could signal a possible relationship between
this region and the Balkan Endemic Nephropathy.
With regards to a consumer safety point dw

the literature contains several studies investigating
the ration between the levels of OTA in pig kidneys
and pig meat [1, 3, 7, 8, 11]. A contamination level
for the entire carcass at 25 ng/g pig kidney should
secure that the level in meat do noteed 10 ng/g,
based on the estimation that the OTA level in pig
meat is approximately 40% of the level in pig
kidney. T boatentr ia tmead/aonterit in
kidneyp varied bet ween 10
depend on many factors, e.g. the content of OTA in
feed,feeding period, feeding in relation to time of
slaughtering. The results from these survey
indicated that there was a low correlation between
the OTA level in serum and liver as well as in the
OTA level in kidney and liver (r=0.319 and
r=0.341, respectivg) while the strongest
correlation was found between the OTA level in
serum and in kidney (r = 0.973). A similar
correlation was found by [11]. The effects of OTA
appeared to be longésting than those of other
mycotoxins, and possessed cumulative featur
Comparison the data obtained in this trial with other
recently published data for the occurrence of OTA
in pig edible tissues shows that the found levels are
comparable with levels in other European countries
[2, 11, 16]. However, it should be rememixtre
when comparing data that factors such as climate
conditions during harvest, practices for grain/feed
storage etc have influence on the ochratoxin A level
in edible tissues. The data obtained in this trial
show it should be raises some concern for the
livestock industry

IV. CONCLUSION

The Serbian control system for content of OTA in
pig kidney is not yet established, and can be
regarded as a lack from a consumer safety point of
view. However, the actual concentration in pork is
generally very low and hencerfthe consumer the
contribution to the total intake of ochratoxin A from
pig products is very small compared with other
sources [9]. The values are far below the
Acceptable Daily Intake ADI) of these toxins [5,
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14], but high amounts of very hazardous and

relatively heat stable OTA may enter in the food (7]

chain without any control system. With the present

safety evaluation of ochratoxin A [5, 14], a residue

limit of 10 ng/g in pork would not be considered

satisfactory froma consumer safety point of view. -
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Control of listeria monocytogenes on readyto-eat (RTE) uncured turkey rolls by
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(1)PURAC biochem b.v., The Netherlands

Abstractd Ready-to-eat (RTE) meat or poultry
products have been implicated as a significant
source of listeriosis infection in humans and U.S.
regulations require that processors employ
lethal or inhibitory antimicrobial strategies
during production to control the growth of the
pathogen potentially introduced after lethality
processing. Use of a delayemlease organic acid
rather than direct addition of organic acid in the
emulsion (which would result in vyield, loss,
textural issues, etc.) combined with organic
salt(s) was proposed for controlling Listeria
monocytogenes. In this study, cooked uncured
turkey rolls were formulated with 1.4%
potassium lactate and 0.1% sodium idcetate
(PLSD), 0.3% coated citric acid (CCA), and the
combination of PLSD and CCA. After cooking,
turkey rolls from each batch were chopped to
make 600g bulk portions that were inoculated
(ca. 3 log CFU/g) with a composite of L.
monocytogenes strains ®re vacuum packaging
as individual 25-g samples and storage at 7°C for
up to 97 d Changes in L. monocytogenes
populations were evaluated at appropriate
intervals during storage. Furthermore, the pH of
the brine and water activity, moisture/loss on
drying, vyield (%), and pH of the final product
after cooking was determined. Use of only CCA
in the product formulation resulted in growth of
L. monocytogenes to 8 log CFU/g by day4.
Product formulation with PLSD alone
experienced outgrowth of L. monocytogeneto 8
log CFU/g by day31. The combination of PLSD
and CCA provided complete inhibition of L.
monocytogenes growth and even a bactericidal
effect (reduction of 0.7 log CFU/g) throughout
storage. Combining a delayedelease organic
acid, specifically coated citric acid, with a
lactate/diacetate blend in the formulation
inhibits the growth of L. monocytogenes on
cooked uncured turkey rolls up to 97 d at
refrigerated storage.

J.D. Stopforth is with PURAC biochem b.v., Gorinchem, the
Netherlands (Tel: +31 1835685; fax: +31 183695609:neail:
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Index Termsd RTE meat, uncured turkey roll,
Listeria monocytogenes, coated organic acid,
lactate, diacetate

[. INTRODUCTION

READY-TO-EAT (RTE) meat or poultry products
contaminated with Listeria monocytogenes are
implicated in several outbreaks of listeriosis in the
United States annually [5]. In responde the
frequency and magnitude of recalls and outbreaks
associated with L. monocytogenes in RTE meat and
poultry products, the USDA Food Safety and
Inspection Service (USDA/FSIS) enforces a zero
tolerance rule for the
productsas wel | as requiring
control measures in the products if they are exposed
to the processing environment after the lethality
processing step and may support growth of the
pathogen [7,8]. Specifically, USDA/FSIS requires
processors tose one of three alternatives to control
L. monocytogenes in RTE meats: (i) a
postleathality inactivation treatment AND a L.
monocytogenes growth inhibitor (least testing
frequency); (i) a postlethality inactivation
treatment or a growth inhibitor (modegatesting
frequency); or, (i) sanitation measures (most
frequent testing) [7]. The antilisterial effect of
fgenerally recognized as
organic acids and their salts, employed as dipping
solutions or as formulation ingredients haveeh
used effectively in RTE meat products to meet the
regulatory require ments [1,4,6]. Many
combinations of various food antimicrobials are
able to control L. monocytogenes in RTE meats,
however, lactate and diacetate salts especially when
used in combin&n appear to be particularly
effective at controlling the pathogen in RTE meats
966
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held at refrigeration te mperatures [5] and are indeed
recommended by the USDA/FSIS for control of the
pathogen. Uncured RTE meats are more sensitive to
outgrowth of L. monocydgenes and as such need
higher levels of lactates/diacetates to control the
pathogen; however this has a substantial taste
impact. It was hypothesized that a slight pH
reduction in the final product would significantly
improve the effects of lactate/diaett blends.
Simulation of the antilisterial effect of a
lactate/diacetate blend with lower final product pH
using a predictive model [3] demonstrated that L.
monocytogenes outgrowth could effectively be
controlled during prolonged storage at refrigeration
temperatures. The invention of coated organic acids
that have controlled release into the immediate
matrix provides a means of achieving effective
meat acidification in the formulation. The authors
conceived that inclusion of a delayeslease
(latent) orgnic acid combined with organic acid
salts in the formulation of RTE meat products
would effectively control L. monocytogenes [2].
The objective of the current study was thus to test
t he
acid, in the fom of coated citric acid, when
combined with a lactate/diacetate blend in the
formulation of cooked, uncured turkey rolls.

II. MATERIALS AND METHODS

A. Preparation of inocula

Listeria monocytogenes strains (NRRL B33028,
NRRL B33039, NCTC 12480, NCIMB 1344and
LMG 23193) were activated individually in Brain
Heart Infusion (BHI, Oxoid, Basingstoke, UK)
broth (24 h at 30°C) from frozen stock cultures.
Activated cultures were transferred again into BHI
and incubated for 24 h at 30°C. Equivalent
populations of ach isolate were combined to
provide a fivestrain mixture of L. monocytoegenes
to yield a target level of approximately 3 log CFU/g
of final product per package.

B. Preparation and treatment of uncured turkey
rolls

The basic uncured turkey roll formulatio(3.6 kg
batch) consisted of ground turkey breast (80% w/w;
approximately 1% fat), water (10%), ice (2.27%),
sodium chloride (1.90%), sodium triphosphate

(0.42%), maltodextrin (1.50%), carrageenan
(0.70%), and wheat starch (3%). The basic
Proceedings:

formulation was modified to produce three
formulation batches (each 1.2 kg) to contain: (i)
0.42% of a 72% (w/w) commercial product
equivalent to 0.3% coated citric acid (CCA)
(Karmat, Kibbutz Ramot Menashe, Israel); (ii)
25% (w/w) of a commercial blend of
lactate/diaceite equivalent to 1.4% potassium
lactate (PL) and 0.1% sodium diacetate (SD)
(PURASAL OptiForm PD4, PURAC, Inc,,
Lincolnshire, IL); and, (iii) the combination of
CCA and PLSD (use levels as described above).
The ground turkey meat (stored for 24 h at 0°C
before use) and all of the nonmeat ingredients
(dissolved to form the brine) were processed for 4
min (maintaining temperature at below 13°C) in a
cutter/mixer (R10 V.V. Robot Coupe (de Jager,
Dordrecht, the Netherlands) under vacuum. The
batter was packeth bags and tumbled twice {2
cycles with 30 min between each tumble cycle) and
stored for 16 h at 0°C for brine distribution. Rolls
(mean diameter of 5.5 cm) were prepared by
stuffing batter into cooking bags and cooked to an
internal temperature of 7€° in a water bath.

antilisterirad|l edde&to Pdduas vaird ehillea ywehdcold water for 10 min

before storage for 24 h at 0°C.

C. Product inoculation

Individual batches of chilled uncured turkey rolls
were removed from the bags, cut into small pieces
and placed in a food processdrefal Kaleo Type
676041, Veenendal, the Netherlands).
Approximately 6 ml (1% v/w final product) of an
appropriate dilution of the fivatrain mixture was
added to the meat (6@p bulk) to reach 3 log
CFU/g and homogenized into a coad®pped
consistencyThe chopped product was divided into
25-g samples and vacuupackaged in filter bags
(Stomacher bag with lateral filter, {Wech
Diagnostics, Ltd., Cheshire, UK) and stored at 7°C
forup to 97 d.

D. Physical properties
Determination of cooking yields (%) ¢urkey rolls
from different batches was based on product weight
before and after cooking and chilling. The pH of the
samples was measured by placing approximately 25
g of sample in a sterile filter bag @Wlech) and
homogenizing (Stomacher 400 Lab Blender
Seward Medical, London, England) with distilled
water (1:10) and immersing a pH electrode (744
pH, Metrohm, Herisau Switzerland) in the bag
967
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containing the homogenate. The water activity of
the turkey rolls was determined using an Aw Sprint
TH 500 (Novasia, Talstrasse, Switzerland) by
placing approximately -§ portions of chopped
meat into a plastic sample cup and inserted into the
vapor chamber. Moisture/loss on drying (LOD) was
determined within 24 h of production using an oven
method (16h at 80°C).

E. Microbiological analyses

Duplicate samples of each treatment were analyzed
ondays 0, 3, 6, 10, 14, 20, 24, 31, 45, 63, and 97 on
tryptic soy agar (TSA, Difco) for total bacterial
populations and onto PALCAM agar (Difco) for L.
monocytogenes populations.adh sample (2§
chopped turkey roll) was opened and sterile diluent
(8.5% w/w sodium chloride and 0.1% w/v
bacteriological peptone) added in a ratio of 1:3
(meat:diluent) and homogenized for 60 s (Seward
Medical). Additional dilutions were also made in
the same sterile diluent. A 50 pl portion of the
appropriate dilution for each sample was plated
(onto TSA and PALCAM) using a spiral plater
(Eddyjet type 1.23, IUL Instruments, Barcelona,
Spain). Plates were incubated for 48 h at 30°C and
the colonies couetl using an automatic colony
counter (Colyte Supercount, Synoptics, Cambridge,
UK) and the associated software package.

F. Statistical analysis

The experiment was conducted twice, and for each
replicate two individual samples (@b samples)
were analyzed m each sampling day for each
treatment (n=4). The microbiological data were
converted to log CFU/g based on the sample weight
analyzed and the volume of diluent added to each
sample. Data for changes in populations of L.
monocytogenes were analyzed by -eveey analysis

of variance to determine significant differences
among antimicrobial treatments at each weekly
sampling interval using Minitab version 14.2
statistical software (Minitab, Inc., State College,
PA). Differences were considered significant when
the associated P value was less than 0.05.

Ill. RESULTS AND DISCUSSION

The physical properties of the turkey rolls are
presented in Table 1.

Proceedings:

Table 1 Yield (%), moisture/loss of drying (LOD
%wi/w), g, and pH of uncured turkey rolls formulate
with 0.3% coated citric acid (CCA), 1.4% potassiu
lactate and 0.1% sodium diacetate (PLSD),
CCA+PLSD and determined 24 h after cooking

Yiel Moisture/L
d oD ay pH
(%) (Yow/w)

100+ 0.970+0.0 5.78%0.

CCA : 70.7:03 5 >

100+ 0.966+0.0 6.22+Q
PLSD 0 69.4:0.4 o
CCA+PL 100+ 0.964+0.0 5.74+0.
SD 0 693106 g 08

The pH of the brine containing CCA, PLSD, and
CCA+PLSD was 7.77+0.12, 6.08+0.20, and
6.09+0.18, respectively (data not shown). As
expected, the final product formulated with CCA
and PLSD+CCA had alower pH than that
formulated with PLSD alone (by 0.43148 units)
(Table 1); indeed this was the purpose of including
a fAderlealyeecads ed organic
after cooking and as such lower the final product
pH to enhance the antilisterial eft of the
lactate/diacetate blend without potential negative
effects on cooking yield and texture. Previous trials
in our lab (data not shown) indicated that use of
CCA (as an acidulant) with PSLD did not
negatively impact texture (consistent meat e munlsio
and typical structure) and yield (100%) while use of
lactic and gluconic acid combined with PSLD had a
significant negative effect on product texture
(inconsistent meat emulsion and high purge final
product) and yields of 76 and 86%, respectively. In
this study, the aw, moisture, and yield of CCA,
PLSD, and CCA+PLSD did not differ after cooking
although the pH of the formulations containing
CCA was lower indicating that the desired
objective was achieved (Table 1). It should also be
noted that although mopart of the current study,
previous work conducted by the researchers
indicated no negative effects of the flavor
acceptability of turkey rolls with the inclusion of
CCA (in addition to PLSD) compared to turkey
rolls with PLSD alone (data not shown). The
antilisterial effect of the formulations is presented
in Figure 1.
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Figure 1. Mean populations oListeria monocytogenes
(PALCAM) inoculated (at approximately 3 log CFU/qg)
on chopped uncured turkey roll samples formulated with
0.3% coated citric acidQCA), 1.4% potassium lactate
and 0.1% sodium diacetate (PLSD), or CCA+PLSD,
vacuumpackaged, and stored at 7°C for up to 97 days.

Results represent counts obtained on PALCAM
since there was no significant difference between
these and the total bacteriabgulations. Use of
only CCA in the product formulation resulted in
growth of L. monocytogenes to 8 log CFU/g by
day-14. Product formulation with PLSD alone
experienced outgrowth of L. monocytogenes to 8
log CFU/g by day3l. The combination of PLSD
and CCA provided complete inhibition of L.
monocytogenes growth and even a bactericidal
effect (reduction of 0.7 log CFU/g) through 97 d of 1
storage at 7°C. With the exception of d@ythe
antilisterial effect of the formulations in the uncured
turkey roll samplesdecreased (P<0.05) as follows:
CCA+PLSD > PLSD > CCA Since there was little

cell death of the injured cells. This however is
speculation since the contribution of growth
inhibiting salts to death of injured cells was not
studied. Future research into the possible role of
growthinhibiting salts on acidnjured bacterial (L.
monocytogenes) cells is interesting and needed.

IV. CONCLUSION

Combining a delayetelease organic acid, in the
form of coated citric acid, with a lactate/diacetate
blend enables meat processors to inhibit the
outgrowth and even result in slight reductiafsL.
monocytogenes populations on uncured turkey rolls
stored up to 97 d under vacuumat 7°C. The use ofa
delayedrelease (latent) organic acid enhances the
antilisterial of organic acid salt(s) in the
formulation of RTE meat enabling processors to
contol L. monocytogenes outgrowth on their
products, especially uncured meats, without having
to increase the level of the salt blend.
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processors of large, wholenuscle meat
products. This study was conducted to
determine if slower cooling times than those
defined USDA- FSIS performance standards
impact log growth of Clostridium perfringens
Large (10.4312.25 kg), cured bonein hams (n =

110)and | arge (O 9.07 kg), wuncured beef inside
rounds (n = 100) were utilized. Ham
stahilization treatments investigated extending Index Terms & Clostridium perfringens

the times taken to reduce internal product
temperature from 54.5°C to 26.7°C and from
26.7°C to 7.2°C, independently. Furthe a
Afwor st case scenari oo
current USDA-FSIS Appendix B guidelines also
wer e assessed. The i wo r
evaluated the effects of cooling product at room
temperature (approximately 22.8°C) in place of
normal cooling procedures in a temperature
controlled environment. Roast beef stabilization
treatments investigated extending the times
taken to reduce internal product temperature
from 54.5°C to 26.7°C and from 26.7°C to 4.5°C,

i ndependentl! y. A Awas st
assessed. Stabilization showed less thanldy

performance standards, stabilization

and a

¢ oN Y krkbpudady ned by

wuringc thes @roduction eoh teadgpedt and
partially cooked meat and poultry products,
establishments must meet  microbiological
performance standards set in place by the United
States Department of Agriculture, Food Safety
Inspection Service (USDASIS). These standards,
found in Chapter 9 of the Code of Federal
Reag el stcieonms i 6 €F R) s ohégsne t

| | reduction and limits on pathogen growth that
?“;‘Mh of C. perfrlngtensfor all trea]\(tmenttshvmth B official meat and_poultry establishments must

e exce i on o e fAwor . C e0. scenari.o o.r
roast beef. As e>r(Jpected,>1log growth of. aéFﬂ e\ﬁg__' n “ordeT 't'e ‘produce |
perfringens was reported for uncured roast beef [3]. More specifically, no more thandg growth
maintained at room temperature for cooling. of Clostridium perfringens may occur during
This study supports product safety with the use product staltization [1, 2, 4]
of cooling times much slower than those
specified by USDAFSIS Appendix B. The
results demonstrate that industry may have
increased flexibility associated with cooling
large, wholeemuscle cuts while still complying
with the required performance standards.

fort

In January of 1999, USDASIS published
compliance guidelines for meeting lethality and
stabilization performance standards for some ready
to-eat and partially cooked meat and poultry
products [1, 2]. Then, on February 27, 2001,
USDA-FSIS published a proposed rule in the
Federal Register that suggested these standards be
extended to all readip-eat and partially heat
treated meat and poultry products [4]. These
compliance guidelines contain time and temperature
recommendations for @ding procedures that
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produce products which meet the performance
standards. However, achieving USHE#SIS
stabilization microbiological performance standards
for cooling procedures proves to be challenging for
processors when manufacturing large, whole
muscle meat products. Failing to satisfy the
USDA-F SIS fisafe harboro
processing parameters for cooling processes may
result in lack of compliance with the performance
standards, and as a result, a deviation from a critical
limit will occur and corrective actions must be
performed on all products associated with the
deviation. By examining effects of longer cooling
times, alternative times that meet the stabilization
performance standards may be achieved. This
change in acceptable cao parameters will
reduce the incidence of deviations and the false
assumption of unsafe product.

frozen to the Rosenthal Meat ci€nce and
Technology Center at Texas A&M University.

b. Treatment structure

Ten hams were assigned randomly to each of the
eleven ham cooling treatments and ten inside

c o'RHnds jware asgigneg [andandy|te eagh of the ten

roast beef cooling treatments. Fortbbdham and
roast beef, each stabilization treatmemt=(10) for
either ham or roast beef, was conducted twice, with
each run if = 5) taking place on separate days.
Treatments are outlined in Table 1.

Table 1. Time parameters (h) by treatment for ham
stabilization

Ham Roast Beef
Treatment Length Treatment Length
(h) (h)

AAppendi x B Compliance Gui del isn®G&to26.10CQ Go.50dtd 26.G9C
HeatTreated Meat and Poultry Products Treatment / = . r .
(Stabilization)o [ 2] st atll\'lcusmbert %6&7/%%72“% cén.ts\'l*;o:crfvosét'scccool
process should allpymo more .than -1og,, total 5 6.0/10.0 20/5.0
growth of Clostridium perfringens These

- . 3 7.0/10.0 25/5.0
guidelines state tha€. perfringenscan be used
alone in an inoculation study to test the 4 8.0/10.0 3.0/5.0
performance standards of a cooling process because > 9.0/10.0 3.5/5.0
controling the outgrowth of. perfringensspores 6 5.0/11.0 2.0/55
to one log or less also would prevent outgrowth of 7 5.0/12.0 20/6.0
C. botulinumspores. Spores and vegetative cells of 8 5.0/13.0 20/6.5
C. perfringensare present on raw meat. The 9 5.0/14.0 20/7.0
cooking process of reaep-eat products will kill 10 9.0/14.0 3.5/10.5
the vegetative cells, but may activate the spaooes 11 Aworst o *

germinate. During the cooling process, germinated
spores will grow until the product reaches a cool
enough temperature to prevent such outgrowth.
The chilling process is a critical step in controlling
C. perfringens According to the compliance
guiddines for cooling, the most rapid growth for
clostridia is between 54.4°C and 26.7°C [2].
Excessive dwell time in this range is hazardous, and
thus product should be cooled as rapidly as
possible.

II. MATERIALS AND METHODS

a. Raw materials

Onehundredandten onein hams (IMPS # 401A)
[3], weighing between 10.43 and 12.25 kg, and-one
hundred boneless beef inside rounds (IMPS # 168)
[3], weighing greater than 9.07 kg, were purchased
from a commercial processing facility and shipped

Proceedings:

* Roast beef were subjected to ten treatments,lecer.

Ham cooling treatments included a control as
defined by Appendix B, which recommends that the
maximum internal temperature be reduced from
54.4to 26.7°Cin 5 h and from 26.7 to 7.2°Cin 10 h
(15 h total cooling time) [2].

Both ham and roast beefoaling treatments
included a Awor st casebo
removing the products from the smokehouse upon
completion of thermal processing and reducing the
temperature from 54.4 to 26.7°C by allowing the
products to equilibrate at room temperature
(approximately 22.8°C). For all stabilization
treatments, samples were taken from each ham or
roast, and plate counts were used to determine log
growth of C. perfringens once desired time and
temperature parameters were reached.

972

The 55th International Congress of Meat Science and Technology (ICOMST), Copenhagen, Denmark, 16-21 August 2009

ng

ce



OICEMST oos
55th International Congress of

Meat Science ond Technologuy

c. Raw material preparation

Preparation of each ham and roast took place before
treatment application. For each treatment group,
frozen hams and roasts were removed from the
freezer (40°C) and were allowed to thaw at
approximately 1.1°C. Each thawed ham or roast
was weighed and trimed free of intermuscular fat
and connective tissue required to expose khe
gracilis and M. semimembranosusmuscles.
Trimming of the product allowed increased
uniformity between products and a fresh lean
surface for microorganism attachment during
inocuation. During the weighing and trimming
process, each ham and roast were assigned an
individual identification number and an associated
treatment group (run). Following trimming, each
ham and roast were -meighed to assess
compliance with the weight pameters set forth in

the proposal for this experiment; this weight is
referred to as the
product preparation, hams were cured. Using a
curing pump with a founeedle hand/alve injector,
hams were stitch pumped to 20% tfeir raw,
trimmed weights with a brine solution consisting of
2% sodium chloride, 2% sucrose, 200 ppm sodium
nitrite, 540 ppm sodium erythorbate, and 5000 ppm
of sodium trpolyphosphate. Pumped hams were
weighed to verify i
initial raw trimmed ham weight), placed in
gondolas (by run), covered with plastic, and
allowed to equilbrate at approximately 1.1°C for
12 to 15 h prior to thermal prosging. Post
equilibration, each ham was -weighed to
determine final brine retention.

d.Inoculation procedures

For inoculation of ham and roast beef, a core and
cheesecloth method was used. Cheesecloth was
prepared by cutting cheesecloth sheets into40

cm strips and overlaying two strips to form a cross.
Ten cheesecloth pairs were each separated with
white paper, and each set of ten pairs was wrapped
in a white paper envelope for autoclaving.
Cheesecloth packages were autoclaved at 121°C for
15 min.

Following aseptic procedures, four cores were
removed from each ham or roast using a 3.3 cm
autoclaved corer (5 cores were taken from the ham
or roast used as the control). Each core was
removed and a 2.5 cm long portion was cut from
the internal enaf each core. One uninoculated 2.5

Proceedings:
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nitial

cm portion from each inoculation day was placed in
a sterile stomacher bag as the negative control. All
other 2.5 cm long core portions were inoculated by
injecting 0.1 ml of 107C. perfringensspore
suspension into theenter of each core. Each
inoculated 2.5 cm core was wrapped in the center of
a cheesecloth pair, introduced back into the original
ham or roast, and covered with the remaining core
portion. One extra core portion per run (day) was
inoculated and immediely placed in a sterile
stomacher bag as a positive control. The stomacher
bags containing the positive and negative controls
were placed in an insulated plastic cooler with
refrigerant packs and transported to the Food
Microbiology Lab for further angkis.

e. Thermal processing

Following preparation and inoculation, the hams
and roasts were thermally processed, in a
smokehouse, to an internal temperature of 64.4°C

nit.i

r{%&r} a mi\rﬁ\lir%ulmgol? ELO'? Os to a%hie'%/eelerzthali{y as
suggested by Appendix A [1]. After thermal
processing, the products underwent one of the
assigned cooling treatments previously outlined in
Table 1.

f.  Microbiological analysis

For all stabilization treatments, core s mBIes were
taken'wheh the irﬁte:ernaleierr]néelrat%r% reZched &4§°é’
and 7.2°C for ham, an84.4°C and 4.5°C for roast
beef and plate counts were used to determine log
growth of Clostridium perfringens once desired
time and temperature were reached.
Microbiological analyses taken after each cooling
treatment demonstrated which treatments rhet t
FSIS stabilization microbiological performance
standards.

g. Statistical analysis

Data were analyzed using PROC GLM of SAS
(SAS Institute, Inc., Cary, NC). Least squares
means were generated for main effects and
separated using PDIFF option when apprateri
with an alphdevel of P < 0.05.

Ill. RESULTSAND DISCUSSION

Microbiologically significant spore outgrowth is
reported as ang. perfringensgrowth greater than
1 logio (CFU/g). All ham stabilization treatments
resulted in posstabilization samples witk 1 log
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growth ofC. perfringensTherefore, as reported in 26.7°C. Due to the excessive dwell time that

Table 2, no significant growth of. perfringens occurred from 54.4°C to 26.7°C for both treatments,

was seen across the ham stabilization treatments. inference can be made thaB8& h cool down from
54.4°C to 26.7°C and any length of time thereafter

Table 2. Least squares means for treatment effect on may be in danger of violatihg microbiological

logio (CFU/g) growth ofC. perfringenspores after -

stabilization for all hams performance standards for stabilization. Therefore,

Treaiment Number 0G0 (CFUTQ) these data support the use of all roast beef

1 -0.3 stabilization treatments except 1, 5nda 10 to

2 '0-562 ensure definite product safety. However,

3 P treatments 5 and 10 may be utilized while stil

5 0.2 meeting microbiological performance standards, but

6 -0.2 some caution should be exercised because these

; 8§Z treatments have a significantly lower margin of

9 03 safety.

10 -0.1%°

11 0.9 IV. CONCLUSION

SEM __0.12 - Data from this study support product safety with

Least squares means within a column with

different letters ¢-d) differ (P < 0.05) slower cooling times than those defined in

ISEM = Standard error of the least squares means Appendix B for both cured bona ham and

o uncured roast beef. The identification of slower
As expected, the roast beef stabilization phase of  ¢qoling times that meet the FSIS stabilization

this experiment resulted in pestabilization microbio logical performance standards will permit
samples with < 1 log growtle. perfringenson all the processing industry to explore more
treatments except treatment 1 (Table Byeatment accommodating processing procedures. This will
1, defined as the fiworst gdwacssnled Spocedsifd fines fo De utliz€dd S t
beef, differed P < 0.05) from all other roast beef without the concemn of producing an unsafe
stabilization treatments. product. In turn, processing deviationssaciated
Table 3. Least squares means for treatment effect on comrective actions, and_ _re;ultlng product disposal
logyo (CFU/g) growth ofC. perfringensspores after may be greatly ~minimized. The results
stabilzation for all roast beef demonstrated that industry may have increased
Treatment Number logio (CFU/g) flexibilty associated with cooling large, whele
% (l)iz muscle cuts while still complying with the required
3 0.1¢ performarte standards.
4 0.4
5 0.9
d
S 8-%@ ACKNOWLEDGEMENT
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Least squares means within a column with graduate students associateth the success of this
different letters §-d) differ (P < 0.05) study.
ISEM = Standard error of the least squares means
As displayed in Table 3, treatments 5 and 10 are REFERENCES
nearing significant levels of spore outgrowth, with .\, ¢ 1999 Appendix A Compliance Guidelines for
0.9logio (CFU/g) growth achieved by both Meeting Lethality Performance Standards for Certain Meat
; ilizati and Poultry Products. Available at

treatments. Upon review of the stabilization http/wiwfais.Lsda. govioa/OB032EhM.
treatment gticture for roast beef, treatments 5 and
10 vary greatly in overall treatment length; [2] FSIS. 1999. Appendix BCompliance Guidelines for

. Cooling HeatTreated Meat and Poultry Products
however, both required 3.5 h from 54.4°C to (Stabilization). Available at

http:/www.fsis.usda.gov/oa/fr/95033Fhtm.
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Abstract - In Denmark, special legislation
regarding multi drug resistant Salmonella
typhimurium DT104 (MDR ST DT104) is in
force. Isolates from all salmonella positive meat
or carcasssamples must be sent to the
Salmonella Reference Laboratory (National
Food |Institute, Technical University of
Denmark)  for further  characterization
(antibiotic resistance, sero and phage typing,
PFGE). Meat contaminated with MDR
Salmonella typhimurium resembling the typical
MDR ST DT104 clone must be recalled or heat
treated to inactivate salmonella. To avoid recalls,
if any, the meat indwstry has requested a rapid
method for detection of MDR ST DT104. At the
Danish Meat Research Institute (DMRI) a reat
time PCR was deweloped targeting the gene
complex responsible for the antibiotic resistance
in MDR ST DT104. Also a modification of
Xylose Lysine Desoxycholate agar (XLD)
containing chloramphenicol, ampicillin, and
spectinomycin (CASXLD) was developed. 1273
salmonella isolates from Danish slaughterhouses
were tested using the reatime PCR method and
CAS-XLD agar. Using the PCR method, 24
samples (1.9%) were positive for the MDR gene
complex. The same isolates were able to grow on
CAS-XLD agar. Additional 13 isolates were
negative using PCR, but grew on CASLD
agar. The confirmed results obtained from the
National Food Institute corresponded to the
results from the PCR method. All 24 samples
positive in the PCR method were either MDR ST
DT104, MDR ST U302 or MDR ST phagetype
non-typeable. More important, none of the PCR
negative isolates were returned from the
reference laboratory as MDR ST DI'104.
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[. INTRODUCTION

A ntibiotic resistance in food borne pathogens has
attraced increased attention in the public as well as
within the Food Authorities. Danish legislation
contains directions of actions to be taken for meat
contaminated with MDR Salmonella typhimurium
DT104 [1, 2]. A rapid and reliable method for
detection of MDRST DT104 is of interest to avoid
distribution of contaminated meat. At DMRI, two
different screening methods were developed for
detection of MDR ST DT104 isolates. A raahe
PCR method was developed targeting the
fili Nt espacedl saec't a mas e 0 egvbiche
is quite unique for MDR ST DT104. For internal
amplification control (IAC) primers and probe
targeting the Salmonella enterica specific invA
gene [3] was constructed. Another method using
XLD agar containing chloramphenicol, ampicillin,
and spectiomycin was developed simultaneously.
The existing method for detection of MDR ST
DT104 uses seroand phageyping, determination

of the antibiotic resistance pattern and in some
cases PFGE (pulsed field gelectrophoresis). This
method is quite time comsning, and requires
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several days to complete. Therefore, the existing
method is not suited for foods with a short shelf
life, such as fresh meat.

II. MATERIALS AND METHODS

Control strain For each PCR run a positive control
was used. The positive control casted of a
diluted, heatnactivated culture of MDR
Salmonella albany. 25 pl of the control was mixed
with 200 ul lysis buffer and DNA was extracted in
the same manner as for the isolates, but omitting
centrifuging. Preparation of template DNA from
Salmorella samples Isolates from samples found
positive for salmonella at the slaughterhouse were
received on Nutrient agar. A loepll of bacterial
material was suspended in 1 ml sterile 0.85% saline
and centrifuged in Eppendorf tubes (5 min., 10,000
g, 4 °C).The supernatant was discarded, and the
pellet added 200 pl KF lysis buffer from the
Promega Magnesil KF Genomic system (Promega,
MD 1460). The extraction of DNA for the PCR
analysis was carried out as previously described [4].
Realtime PCR The redlime PCR was performed

in the Stratagene Mx3005p using 0.2 ml Stratagene
96-well plates (Cat. no. 401425) with optical caps
(cat. no. 401333). The 20 pul rene PCR mixture
contained 10 pl SureMaster PCR mix, 1 ul
fluorescence detection enhancer (FDE) ant |0.
Platihnum Taq polymerase (Congen Biotechnologie,
C40032). All primers and probes were initially
diluted to a concentration of 2.5 pmol/ul. For each
reaction the following reagents were added: 1.6 pl
forward primer (KEPQGL) 5-
GTGGTAACGGCGYAGTGG; 1.6 ul reverse
primer 5-:GCCTTAACGTCTTGTTCAACTTGC
(KEPO-2); 1.6 ul probe 5FAM-
TCTATGCCTCGGGCATCCAAGCABHQ1
(KEPO-p); 0.4 pl forward primer (IAGl) 5-
CTATGTTCGTCATYCCATTACCTACCT; 0,4
ul reverse primer (IA) 5-
CCAGACGAAAGAGCGTKGTAAT,; 0.8 ul probe
5-HEX-

TCTGGTTGATTTCCTGATCGCACTGAA

BHQ2 (IACp); 1.6 pul template DNA, and 0.9 pl
H20 to a total volumen of 20 pl. The cycle profile
was as follows: initial denaturation at 95 °C for 10
min., followed by 40 cycles of 95 °C for 20 sec. and
60 °C for 1 min. Fluoresecee was measured during
annealing, and the amplificaticcurves were
analyzed with MxPro 4.01 software. CAE.D
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agar method CAXLD agar was prepared from
XLD agar (Oxoid, CMO0469) containing an
additional 16 pg/ml chloramphenicol (Fluka
23275), 16 pg/ml mpicillin (Fluka 10044) and 64
pg/ml  spectinomycin  (Fluka 85555). 8 mg
chloramphenicol and 8 mg ampicilin was each
dissolved in 500 pl 1:1 mixure of distiled water
and ethanol, whereas 32 mg spectinomycin was
dissolved in 500 ul distilled water, and actaved
XLD agar was added until 500 ml at approx. 50°C.
The prepared plates were surface inoculated using
approx. 10 pl of the same suspension used for DNA
extraction. The CASLD agar plates were
incubated at 37 °C for 24 hours. Final
characterization fo salmonella isolates. All the
salmonella isolates were characterized at the
National Food Institute, The Technical University
of Denmark, being the Danish Salmonella
Reference Laboratory by serotyping, phagetyping
and determination of antibiotic resistanpattern. If
the isolate is S. typhimurium and pemésistant but

no phagetype can be obtained, a PFGE is carried
out. The PFGE is carried out in order to see if the
isolate belong to the typical ST DT104 group, and
thus covered by the special legislatio

Ill. RESULTS AND DISCUSSION

The position of the primers and probe for the
detection
sequence in MDR ST DT104 is shown in Figure 1.
It can be seen from the figure that the amplicon is
quite long for reatime PCR prodcts (324 bp). In
spite of the long amplicon, quite a good
amplification rate was obtained for the MDR
Salmonella albany as can be seen in Figure 2. To
avoid depletion of PCR reagents, which could
prevent detection of the MDR gene complex, a low
concentrabn of primers were used for the internal
amp lification control (IAC). This results in a quite
low fluorescence signal from the IAC probe (Fig.
2). The concentration of the antibiotics in the
selective agar method was lower than the National
Committee for Clinical Laboratory Standards
(NCCLS) breakpoint for the 3 antibiotics. When the
XLD agar was used together with the three
antibiotics which had been added to the NCCLS
breakpoint, the combined selectivity of the XLD
agar and the antibiotics inhibited gvth of MDR
Salmonella. The concentrations of the three
antibiotics were therefore optimized to allow
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growth of MDR Salmonella, while still suppressing
growth of other multi drug resistant non
salmonella. The CAXLD agar was considered
positive for MDR saihonella when red colonies
with a diameter of >1 mm were observed.
Blackening of the substrate due to H2S production
was suppressed for several MDR Salmonella,
probably because of the high selectivity of the
CASXLD. Blackening was therefore not
considerednecessary for positive identification of
MDR Salmonella. 1273 salmonella isolates from
Danish slaughterhouses were tested with the real
time PCR method and examined for growth on
CAS-XLD agar. Using the PCR method, 24 isolates
wer e

on CASXLD agar. Additional 13 isolates were
negative using PCR, but able to grow on CAISD
agar. The confirmed results obtained from the
National Reference Laboratory correspondedhte
results from the PCR method. Table 1 shows that
out of 24 isolates positive for MDR with the PCR
method, 17 isolates were confirmed as typical MDR
ST DT104 by PFGE, 2 isolates were MDR ST
U302, whereas 5 isolates were MDR ST non
typeable. All 24 MDRisolates belonged to the
classical ACSSuUT pertisistant group (resistance
to ampicillin, chloramphenicol, streptomycin,
sulfamethoxazole and tetracycline). The 7 isolates

positivasesparedl atch @ ma s
gene sequence. The same isolates were able to grow

DT104 PFGE profile (Table)1Therefore these two
isolates are not covered by the special legislation
and do not belong to the targatganisms. The
remaining 11 isolates were all S. derby. Both
methods had sensitivity at 100 %, meaning that no
false negative results were seen. TW@R method
had a frequency of false positive of 29 % whereas
the CASXLD agar method had a frequency of false
positive results which were 49 %.

IV. CONCLUSION

Two rapid and reliable methods for detection of
MDR ST DT104 were developed. Of 1273 isolates
’tae teed no false negative results were obtained
neltherg with the PCR nor the CASE.D agar
method. The percentage of false positive results
was higher for the CAXLD agar method than for

the reattime PCR method.
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(D7FAM signal from KEPO prob&om M DR Salmonella Albany

Assays performed | Assays performed

at DMRI at the National Food Institute
Sample no rpecs,:St SaéthLD Serotype aeégéiqt) gg?r?ge PFGE
1 Pos Pos S. typhinurium Yes DT104
2 Negative Pos S. derby No
3 Negative Pos S. derby No
4 Negative Pos S. deby No
5 Negative Pos S. derby No
6 Pos Pos S. typhinurium Yes NT Not typical DT 104 prafe
7 Pos Pos S. typhinurium  Yes DT104
8 Pos Pos S. typhinurium Yes DT104
9 Pos Pos S. typhinurium  Yes DT104
10 Negative Pos S. typhinurium  Yes NT Not typical DT104 proile
11 Pos Pos S. typhinurium  Yes NT Not typical DT 104 prafe
12 Pos Pos S. typhinurium Yes NT Not typical DT 104 prafe
13 Pos Pos S. typhinurium Yes DT104
14 Negative Pos S. derby No
15 Negative Pos S. derby No
16 Pos Pos S. tygimurium  Yes DT104
17 Pos Pos S. typhinurium  Yes DT104
18 Pos Pos S. typhinurium Yes NT Not typical DT 104 prafe
19 Pos Pos S. typhinurium Yes NT Not typical DT104 prafe
20 Negative Pos S. derby No
21 Pos Pos S. typhinurium Yes DT104
22 Pos Pos S. typhinurium Yes DT104
23 Pos Pos S. typhinurium  Yes DT104
24 Negative Pos S. derby No
25 Pos Pos S. typhinurium Yes U302 Not typical DT104 prafe
26 Pos Pos S. typhinurium  Yes U302 Nottypical DT104 prafe
27 Pos Pos S. typhinurium Yes DT104
28 Pos Pos S. typhinurium Yes DT104
29 Negative Pos S. typhinurium Yes NT Not typical DT104 prafe
30 Pos Pos S. typhinurium Yes DT104
31 Negative Pos S. derby No
32 Negative Pos S. derby No
33 Negative Pos S. derby No
34 Pos Pos S. typimurium  Yes DT104
35 Pos Pos S. typhinurium Yes DT104
36 Pos Pos S. typhinurium  Yes DT104
37 Pos Pos S. typhinurium  Yes NT Typical DT104 proile

Pos = Positive
NT = nontypeable

Table 1.List of 37 isolates found positive for ihudrug resistance with either the réahe PCR method or the CASLD
agar method. The results from the PCR and the agar method areémegrevith the results from the Danish Salmonella
Reference Laboratory (National Food Institute). 29 % of the sssnpére false pasve with the PCR method and 49 %
were false positive with the CA%LD agar method. No false negative results wédatmined among the 1273 isolates tested.
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Abstrac The precutionary principle advocated
by the General Food Lawv of the European Union
is bringing the food industry towards
approaches of integrated traceability, in which
the product flow is accompanied by information
flow concerning quality and safety parameters.
In the framework of the European research
project CHILL -ON we have investigated the
status of microbiological criteria for safety in the
poultry meat supply chain and developed
singleplex and duplex Real Time PCR assays for
detection of main bacteria of interest. Sensitivity
and reliability of the assays hae been evalated
in comparison with conwentional methods. The
research project MENTORE has addressed the
monitoring of long distance transport of
livestock in connection with food safety issues,
evaluating the potential impact of satellite
navig ation techol ogy.

All authors are with the University of Parma, Department of
Environmental Sciences, Division of Genetics and
Environmental Biotechnology, Parma, ITALY (corresponding
author Elena Maestri phone: +8921905687; fax: +39
0521906123;-enail: elena.raestri@unipr.it).

Index Term® Campylobacter, microbiological
safety, Salmonella, satellite navigation.

I. INTRODUCTION

HE General Food Law of the European
Union, 178/2002, has introduced the
precautionary principle to European legislation,
together withthe concept of traceability along the
entire food supply chain. Traceability is however
limited to record keeping of suppliers and
customers, allowing reconstruction of the product
chain in case of need (one step back, one step
forward approach).

On the aher hand, the safety of food products is
regulated in Europe by a comprehensive legislation
(http://leuropa.eu/scadplus/leg/en/s84000.htm)
covering the application of the HACCP (Hazard
Analysis and Critical Control Points) system,
including Directive 200089 and Regulations (EC)
852/04, 853/04, 854/04, 882/04, 183/05,
2073/2005. This latter Regulation concerns in
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particular microbiological criteria for foodstuffs,
and has been formulated by taking into account
opinions and documents produced by panels and
committees of EFSA (European Food Safety
Agency), international guidelines, and the Codex
Alimentarius guideline [1]. The Annex | of this
Directive has been updated by the Regulation
1441/2007.

After the introduction of this legislation complex,
food opertdors have been charged with the
responsibility for deciding the frequency of
sampling and testing in the microbiological
analyses, as part of an autonomous HACCP
procedure. The Regulations (EC) 2073/2005 and
1441/2007 list separate criteria for food safahd
for process hygiene, associating to them specific
reference methods. Food operators could also
utilise alternative methods, as long as results are
equivalent, and the method is validated and
authorised by competent authorities.

In the most recent repioon foodborne outbreaks,
EFSA [2] has identified the main causative agents:
Salmonella enteritidisviruses, andCampylobacter
As in previous reports, two main causes of health
problems areSalmonellaand Campylobacter and
their main occurrence is regnised to be in poultry
meat and products.

Salmonellais covered by Regulation 2073/2005
and 1441/2007, as food safety and process hygiene
criteria, whereas Campylobacter is not. Recently,
EFSA [3] has advocated the extensive use of
molecular biology methds for microbiological
typing in food safety, to improve traceability of
contamination along the food chain by recognising
isolates and linking them to outbreaks. A recent
review explores several innovative methods for
pathogen detection in food [4], reauging a
constantly increasing need in the industry for rapid
and sensitive tests.

A research project within the European
Commission  Sixh  Framework Programme,
CHILL-ON, is addressing the improvement of
safety in the frozen and refrigerated poultry supply
chain, focusing research activities also on the
development of innovative and improved testing
methods for bacterial contamination with molecular
biology methods.

Another project financed by the European GNSS
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Supervisory  Authority  (www.gsa.europa.eu),
MENTORE, and dealing with the European
satellite navigation systems EGNOS and Galileo, is
instead addressing the monitoring of long distance
transportation of livestock and the application of
satellite navigation technology
(www.gnsstracking.eu). This issuarcbe related to
food safety because events during transportation
impact the welfare and health of animals, leading
eventually to increase in microbial contamination
[5]. The TRACES (Trade Control and Expert
System) system of the European Commission
should in future, link the information acquired
during transportation to a central database for
sanitary information of livestock. The New Animal
Health Strategy for the European Union (2007
2013) recognises potentially heightened risks
during transport, whersanitary and animal welfare
rules should be tightly controlled.

These projects are examples of a new trend
towards integrated traceability, in which the product
fow is accompanied by information flow
concerning significant properties of the product.

II. MATERIALS AND METHODS

A. Primer design for RealTime Quantitative PCR
(gPCR)

Primers were designed to amplify candidate genes
of Campylobacter jejuni Salmonella enterica
Listeria monocytogenesStaphylococcus aureus
andPseudomonaspp.. Candidate genes forimper
design were selected on the basis of information
available in literature. In general regions showing
no or low similarity with other bacteria genomes
were selected, after a BLAST [6] search against the
microbial DNA sequences available at NCBI
(webste).

Different softwares (Oligo analyzer 1.2, Fast
PCR and Primer 3) were used to design primers in
speciesspecific regions of each candidate gene.
The selected oligonucleotides were analyzed for: i)
the annealing temperature, chosen in the range 58
60 °G ii) the amplicon size, 780 bp; iii) the
primer size, of 182 nt and; iv) the lack of
secondary structures.

B. DNA extraction

Genomic DNA isolated from certified ATCC
bacterial strains was purchased from LGC
Promochem (Teddington, UK). DNA was also
extracted from 1 gr of chicken meat using kit
Puregene (Gentra, Minneapolis, USA) after spiking
with appropriate dilutions of bacterial cultures.
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C. Quantitative Real Time PCR

Reference standard curves for quantification were
made with the selected primers usingerial
dilutions of DNA of each bacteria corresponding to
100000, 10000, 1000, 100 and 1 genome copies.
PCR reactions were carried out in ABI PRISM®
7000 (Applied Biosystems, Foster City, @4SA)
using SYBR® GreenER gPCR SuperMix
(Invitrogen, Carlsbad, CA)following the supplier
recommendations. Three replicates for each dilution
were carried out.

lll. RESULTSAND DISCUSSION

Analysis of the needs of food operators
The CHILL-ON project has acquired from food
operators information concerning the current status
of microbiological controls in the poultry supply
chain, by applying questionnaires and interviews.
The distribution list involved over 50 companies in
10 countries, in Europe and abroad: Brazil, Chile,
China, Germany, Greece, Iceland, Israel, Italy, the
Netherlands, United Kingdom.

1-Which bacteria are currently analysed in
poultry meat? Over 90% of companies perform
controls for Salmonella  Listeria  and
Campylobacter Salmonella is analysed by all

companies interviewed. More than 60% of
companies check fothe presence oEscherichia
coli and Staphylococcus  aureus Other

microorganisms are of interest to less than 40%:
PseudomonasClostridium lactic acid bacteria,
Bacillus cereus Streptococcus Other companies
indicated assays for Enterobacteriaceaeifarots,
aerobics mesophyls, enterococci, moulds and
yeasts. Most of these controls are performed as
routine analyses.

2-What are the legislation requirements for
poultry meat? All companies cited Regulation (EC)
2073/2005, with sampling of neck skin ancabysis
for total bacteria at 30°CE. coli, Salmonellaspp.,
L. monocytogenes Other acts of legislation
mentioned by companies in the questionnaires were
those specific for the different countries.

3Which analytical methods are employed by
companies? Al companies utilise official
microbiological methods, in particular 1SO
methods. About 25% of the companies reported the
use of tests based on DNA analysis with molecular
methods. These are performed by large companies
in their own facilities, or by appoiing external
laboratories. Large distribution companies may
require additional testing for their own brand
poultry products. In this case, samples are taken at
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the producer facilities with a specified frequency,
and analyses are performed either in inad¢ror in
external laboratories.

4-1s there an interest for additional testing on
poultry meat? Most companies expressed a
requirement for better tests to analyse bacteria
which they already test with conventional methods
(see also below). In 38% of compasj new tests
for Campylobacterare required, for typing and for
enumeration. Additionally, 12% of respondants
would be interested in testing for spoilage bacteria.
Few companies, slaughterhouses mainly, expressed
an interest for pathogens infecting birdsych as
Bordetella avium Riemerella anatipestiferand
Ornithobacterium rhinotracheale

5-Is there an interest for innovative methods in
testing? Many companies expressed interest for
rapid tests based on PCR amplification of DNA, to
detect Campylobacter Salmonella Listeria,
Staphylococcus The requirements in particular
were for rapid tests, with a response within the
same day of sampling, and easiness in performing
the test.

From the analysis of the questionnaires within the
project CHILL-ON, it appe&ed that companies are
willing to perform voluntarily additional tests
besides those required by legislation, within the
framework of HACCP procedures. In particular,
Campylobacterdetection s of great interest for
poultry producers, and methods for tyginand
guantifying these bacteria would be appreciated.
Methods currently used require enrichment of
bacteria with culturing, and therefore quantification
is not possible.

Development of tests for the presence of
contaminant microorganisms in poultry meat

The general objective of our work is to develop
appropriate tools to monitor the presence or absence
of microorganisms of interest in the chilled/frozen
poultry processing chain. The final goal is to
provide methods and materials along with the
information to start an efficient HACCP procedure
and for quality certification at national and
international (ISO) level. The work includes
analysis of poultry samples along the supply chain
and involves the comparison between exsting
officially prescribed method$ased on microbial
culture and those based on DNA exraction and
PCR analysis which are still in development and
have not been validated [7, 8].

On the basis of results of the survey, the research
was aimed to develop qPCR assays to detect and
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guantify Sdmonella Campylobacter Listeria,
Staphylococcus and Pseudomonas Primers
designed after in silico analysis were tested and
chosen based on quality of amplicons and
specificity. Results with dilution of genomic
bacterial DNA showed linearity down to-1D0
copies of genomes, depending on the bacteria.
Experiments with spiked meat alowed a
comparison among estimates of bacterial counts
obtained from plating and from RealTime PCR.
Results forSalmonellaare currently submitted for
publication (Figure 1).

Poultry contaminated with Salmonella

y = 1,5325x - 2,3499
R? = 0,9843

Cultivation (LogCFU/ml)
O R, N W H»OO O N

2 3 4 5
gqtRT-PCR (LogCFU/ml)

o
=

Figure 1. Linear correlation between colony count of
Salmonellaand estimation obtained through Real Time
PCR. Experiments were performed with poultry meat
spiked with known amounts &almonellebacteria.

In general, it is possible to establish a linea
correlation among the two estimates, with
RealTime PCR giving higher counts with respect to
the plating system. The results will be the basis for
developing Quantitative Risk Assessment in future
experiments.

At the moment multiplex assays are being
devdoped, switching from SybrGreen to TagMan
probes to allow relative quantification.

V. CONCLUSION

Integrated approach to meat safety and traceability
Objective monitoring of safety and quality
parameters along the food supply chain provides
information which gives added value to the
conventional traceability information [9]. Whereas
traceability is usualy a documentary trail
accompanying movement of goods, data from
objective monitoring provide additional information
to be used in case of recalls, complaints,
withdrawals. In the MENTORE project a specific
portion of the supply chain has been addressed:
long distance transportation of livestock. This
sector of animal management is covered by
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Abstractd Analytical methods for determination
of three food additives usedin meat products are
developed: method for determination of
carrageenan (E 407) and coloursi cochineal
(carminic acid E 120) and ponceau 4R (E 18.
The application of these methods has been
verified on control and experimental samples of
meat products. Developed methods are HPLC
with UV/Vis detection for determination of E
120 and E 124 and FTIR ATR method for
determination of E 407. HPLC system s
WATERS ALLIANCE with UV/Vis detector
and for the infrared spectroscopy, BRUKER
FTIR spectrophotometer TENSOR 27 with
MVP Pro Diamond ATR accessory. Recowery
for the E 120 was in the from 86.48% to
107.49% in the concentration range from
1mg/kg to 100 mgkg, for E 124, recovery was
45.62% to 102.55% in the concentrations
interval from 5 mg/kg to 100 mg/kg while
recovery of E407 was from 80.83% to 139.43%
for the concentrations range from 0.2% to 2%.
Testing of analytical methods on model samples
showed their applicability in determination of
three food additives

Authors are with the Institute of Meat Hygiene and T echnology,
Belgrade, Serbia, (phone: +381 11 2650 655; fax: +381 11 2651
825; email: lazar@inmesbgd.com).

Index Termsd Food aditives,
Cochineal, Ponceau 4R.

Carrageenan,

[. INTRODUCTION

Large number of papers and scientific studies deals
with the area of food additives determination in
foodstuffs, alcoholic and nealcoholic beverages.
However, few papers that cover the field of
determinationof E 120, E 124 and E 407 in meat
products are available. Improvement of sensory
properties of meat products, primarily their
appearance by addition of colors as well as
achieving water binding and more favorable texture

Proceedings:

by adding carrageenan became comrpaactice in
meat products manufacturing. Therefore, the need
for development of new, or modification of existing
analytical methods for the determination of these
food additives in meat products appeared. In
accordance with all this, and in the interedt o
consumersé protection,
on model samples, analytical methods for
determination of three food additives in cooked
sausages of frankfurter type, finely chopped cooked
sausages in 75 mm casing diameter, finely chopped
cooked sausage of «Parisian» type, chopped
cooked sausages of «Tirol» type and chopped meat
cans The quality of meat products, besides its
sensory properties and basic chemical composition,
consists also of the microbiological status and
safety parameters, i.e. the pemce of absence of
environmental contaminants, toxic elements,
pesticides and residues of veterinary drugs. Also,
the inspection of meat
sensory analysis and declaration inspection as well
as determination of basic chemicarameters and
food additives. Food additives, among the other,
influence on appearance and sensory properties of
meat products. It is not uncommon that nutritive
properties of the product are not in accordance with
general appearance and high sensory gra@elors

can mask some cheaper filling components such as
skins. In that case, the consumer can have the
wrong i mpression on the
by its desirable appearance and color, which is
often the decisive factor when buying the product.
Carrageenan improves the texture of meat products.
However, since this food additive is also a
hydrocolloid, it increases the incorporation of water
into the filing of the meat products. The aim of this
paper is to develop reliable analytical methods for
rapid and efficient determination of three food
additives commonly used in meat products:
carrageenan, E 407 and colors cochineal
(carminic acid), E 120 and ponceau 4R, E 124 and
to verify the applicability of developed methods on
specified meat products
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II. MATERIALS AND METHODS

Material

Chemicals were purchased from the following
manufacturers: ethanol, 96%, Zorka Pharma,
Serbia; methanol, HPLC grade, J. T. Baker, the
Netherlands; water, HPLC grade, Sigimaldrich,
Switzerland; hydrochloric acid 338% p.a., J. T.
Baker, the Netherlands; ammonium hydroxide 25%
p.a., Zorka Pharma, Serbia and sodium hydroxide,
p.a., Centrohem, Serbia. Analytical standard of
carminic acid 6.0%, Fluka, Sigma Aldrich,
Switzerland; analytical standard of ponceau 4R,
Sigmai Aldrich, USA, carrageenan of commercial
purity, type 1, Sigmai Aldrich, USA. For the
preparation of standards stock solutions, 10mg of
each color was weigh and transél in separated
100 mL volumetric flasks. The standards were
dissolved in water. Stock solution concentration
was 0.1 mg/mL. These solutions were used for
working standards preparation. Carrageenan was
determined in powdered form.

Manufacture of meatrmpducts

Meat products were manufactured in semi
industrial conditions. The following types of
products were produced: cooked sausages of
frankfurter type, finely chopped cooked sausages in
75 mm casing diameter, finely chopped cooked
sausages of «Parisiantype, chopped cooked
sausages of «Tirol» type and chopped meat cans.
The experimental group of products was
manufactured of beef and pork, fatty tissue, ice,
additives (except investigated colors and E 407),
while control group was manufactured of beef,
pork, mutton and chicken meat, ice, fatty tissue,
additives, spices and soy proteins (soybean flour
and soy isolates, depending on the product),
carrageenan and E 120.

All products were subjected to sensory evaluation.
Basic chemical composition was deténed by
accredited analytical methods (water content, total
proteins content, relative content of connective
tissue proteins in total proteins, fat content and ash,
pH and aw value). Also, the presence of proteins of
animal origin, presence and contefisoy proteins,
content of E 120 and presence of E 407 were
determined. Model meat product was produced in
laboratory conditions from beef, pork, fatty tissue,
ice and addities, with the addition of E 124
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color(control sample was made without the color
addition).

After the thermical treatment, pasteurisation and
sterilisation, content of E 124 was determined.
Samples without the label are control samples,
experimental samples were labeled as follows:

A and Al (cooked sausages of frankfurter type);

B and Bl (finely chopped cooked sausages in 75
mm casing diameter);

C and C1 (finely chopped cooked sausages of
«Parisian» type;

D and D1 (coarsely chopped cooked sausages in
«Tirob> type and

E and E1 (chopped meat cans). Sample preparation
E 120- Weigh 1gof sample, add 10mL of 96%
ethanol and 1mL 0,1mol/dm3 HCI. Homogenise on
the ultraturrax for 5min.

Centrifugate for 10min at 4000 rpnDecant the
supernatant into the 100mL round bottom flask and
evaporate on rotary evaporator at 550C up to the
volume d about 1mL.
Transfer the supernatant to polyamide SPE
cartridges. Wash the cartridges with 1 mL of
deionised water and 1mL of methanol. Elute with
ImL of 0,1% TFA in methanol 1:1.[1] Filter the
extract into the HPLC vials trough 0.45um nylon
syringe fiters. E 124- Weigh 1g of sample, add
10mL of 96% ethanol and 1mL of 25% ammonia.
Homogenise on the ulwrrax for 5min.
Centrifugate for 10min at 4000 rpm. Decant the
supernatant into the 100mL round bottom flask and
evaporate on rotary evaporator &0o& up to the
volume of about 1mL. Transfer the supernatant to
polyamide SPE cartridges. Wash the cartridges with
1mL of deionised water and 1mL of methanol.
Elute with 1mL of 0.5% ammonia:methanol 1:1.[2]
Filter the exract into the HPLC vials trough
0.46um nylon syringe filters. E 407Weigh 10g of
sample, add 150mL of 0,1mol/ldm3 sodium
hydroxde solution in the mixture 96%
ethanolwater 30:70 v/v. Homogenise on the ultra
turrax for 5min..
Heat the sample in microwave oven up to the
boiling point (23 min). Stir and leave over night.
Decant into the 100mL centrifuge tubes.
Centrifugate for 10 min at 4000rpm. Discard the
supernatant. Transfer the residue into the 100mL
round bottom flask. Evaporate on rotary evaporator
to dryness at 600C. Scratch the #$namount of
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film from the flask wall using spatula and record
the infrared ATR  spectrum. HPLC
Chromatographic system for determination of E
120 and E 124 consisted of quaternary pump with
degasser, autosampler and column heater (Alliance
separation model 2695, Waters, Milford, MA,
USA) and UV detector (2487 Duaabsorbance
detector, Waters). Chromatographic separation was
carried out on Phenomenex Luna C18(2) column,
150 x 3 mm 5 pum with C18 guard column from the
same manufacturer.

For the determination of E 120, the following
gradient elution was performed:

0-5min 0,1% TFA in methanol:0,1%TFA
10:90 v/v

5-10min 0,1% TFA in methanol:0,1%TFA
60:40 v/v

10-15min 0,1% TFA in methanol:0,1%TFA

10:90 v/v.

Column temperature was maintained at 350C at the
flow rate of 1mL/min.

Total run time was 15 minutes, injectiorolume
oul. E 120 was detected at 494nm.
Chromatographic conditions for determination of E
124 were the following: flow 1,00mL/min, column
temperature 300C. Elution was isocratic, the mobile
phase was 0,2% ammonia in methanol: 0,2%
ammonia 10:90 v/v. Runtime was 7 min.
Injection volume was 10ul. Detector wavelenght
was 510nm. Empower Pro software was used for
system control, data acquisition and procegsi
FTIR-ATR spectrophotometry.

For the determinaton of E 407, FTIR
spectrophotometer (Tensor 27, uBer Optics,
Germany) with ATR accessory (MVP Pro
Diamond, Harrick Scientific, USA) was used. The
following recording conditions were applied
recording interval was 156800cm1, number of
scans was 128 at the resolution of 2tf8].
Quantitation was adbved by measuring peak
intensity in the range of 1110 950cm1. OPUS
software was used for instrument control, spectra
recording, processing and quantification. Sensory
evaluation Sensory evaluation was carried out by 6
experienced auditors by applyindhe simple
descriptive test. The evaluated parameters were
graded on the scale from 1 to 10. Descriptive
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statistics was applied for the processing of the
results. Using Microsoft Excel software.
Comparison of the results obtained from different
groups ofproducts was carried out using analysis of
variance (ANOVA: single factor) and-tést (two
sample assuming unequal variance).

Ill. RESULTS AND DISCUSSION

Determination of E 120 Calibration was performed
in the concentrations range from 1mg/l (mg/kg) to
100mgl (mg/kg). Good linearity was achieved,

correlation coefficient square (R2 ) was 0.9948.
Recovery for each determined concentration is
shown in Table 1.

Table 1 Recovery ofE 120

. Mean
Concentration .
concentration

of added E12( Recovery (%) STD

E120 (n = 9)
(mg/kg) (mgkg)
1 0,96 95,81 0,12
25 21,62 86,48 1,02
50 53,74 107,49 7,42
75 71,57 95,42 3,59
100 91,29 91,29 6,57

Determination of E 124 Method for determination
of E 124 (Ponceau 4R) was carried out in the
concentrations range from 5mg/(mg/kg) to
100mg/l (mg/kg). Good linearity was achieved,
correlation coefficient square (R2 ) was 0.9945.
Recovery for each determined concentration is
shown in Table 2.

Table 2 Recovery of 124

) Mean

Concentration .

of added E12: (I:Ecinz(ilentratl_on Recovery (%) STD
(mg/kg) (n =9

(mg/kg)

5 2,28 45,62 0,17
10 5,44 54,39 0,21
25 16,07 64,29 0,57
50 38,78 77,56 1,43
75 65,37 87,16 2,04
100 102,55 102,55 3,53

Determination of E 407 Method for determination
of E 407 (carrageenan) was primarily é®ped for
gualitative investigation of E 407 presence in meat
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