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ABSTRACT

Sustainable development of food safety is a new issue on the global agenda. Food safety has always been of
importance for the survival of humans.  Sustainable development in food production and handling has not yet been
subject to extensive international discussion.

There exist sound conditions for sustainable food production, from environmental, safety, social and economic stand-
points. Producers realize that it is important to maintain and develop food safety in a sustainable direction. This is not only
important for the country’s domestic market, but also for international trade.

Modern consumers demand safe, natural, untreated, high quality, and wholesome food products, within the framework
of sustainable development. The search for an economically feasible combination of all these issues is a major challenge for
the food industry in the 21st century, and can only be attained by safeguarding the food chain „from farm to fork”. New
challenges to the safety of the food supply require new strategies for evaluating and managing food safety risks.

A key element of the on-going implementation of the FAO/WHO Risk Analysis framework and principles is Microbio-
logical Risk Assessment. Quantitative Microbiological Risk Assessment (QMRA) offers a framework for predicting the impact
of changes and trends on the provision of safe food. QMRA models facilitate the evaluation of active or passive changes in how
foods are produced, processed, distributed, and consumed. QMRA consists of four steps: hazard identification, exposure
assessment, dose-response assessment, and risk characterization. The knowledge in each step is combined to represent a
cause-and-effect chain from the prevalence and concentration of the pathogen to the probability and magnitude of health
effects. In risk assessment, risk consists of both the probability and impact of disease. In this way, risk reduction can be
achieved in either dimension—by reducing the probability of disease or by reducing its severity.

The overall objective of this Paper is the development and integration of QMRA modelling tools in the production of
some innovative Hungarian canned food, in one of the largest Hungarian canning industry, to enhance microbial food safety. I
have made hazard identification and exposure assessment. I have studied the processing of a “chicken with vegetables”
canned food and make a proposal for using quantitative risk assessment during sterilization.
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Introduction
Quality control and quality assurance in Hun-

garian agriculture and food industry are looking back
to a past of more than a hundred years. Due to the
development of Hungarian economy, joining to the
European Union and increasing consumer needs the
issues of quality came into prominence during the
last decades of the twentieth century.

In terms of Hungary’s accession, it was signifi-
cant that the enterprises operating in the food industry
meet the requirements of food law, food trade and
consumer needs. To meet the strict food safety rules
is not only the question of the adequacy of control
authority but it is the main condition of market pres-
ence, growing market shares and trading results and
competitiveness. So the majority of food processing
companies in Hungary has implemented up-to-date
systems of quality assurance in order to ensure uni-
form food quality. [Biacs-Vбradi, 1999].

Hungary has joined to the European Union on
1st May, 2004. So from this time, the Hungarian food
policy has been determined by the EU food policy and

legislation. The EU rules and regulations have been
put into force, being on higher level, do not need to
implement into the Hungarian Food Act. The food law
aims at ensuring a high level of protection of human
life and health, taking into account the protection of
animal health and welfare, plant health and the envi-
ronment. This integrated “farm to fork” approach is
now considered a general principle for EU food safety
policy.

The current Codex document ‘Hazard Analysis
and Critical Control Point System and Guidelines for
its Application’ is a reflection of the excellent work by
the food industry and the international scientific com-
munity in developing, over a period of many years, a
tool that is known to increase our control over food
borne safety hazards. Despite the development of
HACCP into an internationally accepted protocol, there
are calls for further refinements and improvements in
food safety control systems.

New challenges to the safety of the food supply
require new strategies for evaluating and managing
food safety risks. Changes in pathogens, food prepa-



70 Rita Fejõs

ration, distribution, and consumption, and population
immunity have the potential to adversely affect hu-
man health.

The changing epidemiology of food borne dis-
eases is a result of complex interactions and changes
in pathogens, foods, food distribution, food consump-
tion, and population immunity. Predicting the impact
of a trend in one part of the food continuum presup-
poses understanding of the whole system. Aspects of
the food processing and distribution system can am-
plify or attenuate the trend as it grows into a potential
health hazard.

While a full understanding of pathogen contami-
nation, infection, and survival is difficult, a systematic
approach to assessing the impact of the pathogen on
health may improve the quality of public health deci-
sions. The World Health Organization (WHO) and the
Food and Agriculture Organization of the United Na-
tions (FAO) are in the forefront of the development of
risk-based approaches for the management of public
health hazards in food. Risk assessment offers a frame-
work for predicting the impact of changes and trends
on the provision of safe food. Risk assessment models
facilitate the evaluation of active or passive changes
in how foods are produced, processed, distributed, and
consumed.

The approach used is called risk analysis and is
made up of three components:

• Risk assessment
• Risk management
• Risk communication
The EU has been also at the forefront of the de-

velopment of the risk analysis principles and their
subsequent international acceptance. Regulation EC
178/2002 establishes in EU law that the three inter-
related components of risk analysis (risk assessment,
risk management and risk communication) provide the
basis for food law as appropriate to the measure un-
der consideration.

There are several types of risk assessment that
fall under three broad categories:

• qualitative risk assessment;
• semi-quantitative risk assessment;
• quantitative risk assessment.
All three categories provide useful information

and your choice of assessment will depend on the
speed and complexity you require from your assess-
ment. Currently, the internationally acknowledged
Hazard Analysis and Critical Control Points (HACCP)
system is used as a qualitative and subjective system,
whereby the majority of decisions are based on quali-
tative instead of quantitative data. Several studies
emphasised that a more quantitative approach to
HACCP would improve the scientific basis for hazard
analysis. It would result in a better selection of critical

control points and their corresponding control mea-
sures [Buchanan, 1995; Notermans and Louve, 1995;
Gerwen 1997; Mayes 1998; Van dev Braak and
Bloemen, 1999].

Quantitative risk assessment is an emerging tool
in the field of microbial food and water safety. Recog-
nizing the deficiencies of current approaches to evalu-
ating the risk for human illness from pathogens in food,
the Council for Agricultural Science and Technology
recommended that risk assessment provide the basis
for establishing food safety priorities and policies. Be-
cause of recent initiatives advocating the widespread
implementation of HACCP systems, quantitative risk
assessment has been proposed as a means of provid-
ing health-outcome—based specification of microbial
criteria for HACCP plans.

Method
The essence of microbial risk assessment is de-

scribing a system in which a microbial hazard reaches
its host and causes harm. Risk assessment consists of
four steps:

• hazard identification,
• exposure assessment,
• dose-response assessment,
• risk characterization.
During my research work I have used data of

HACCP plan of “chicken with vegetables” product,
the 4/1998. regulation of the Hungarian Health Minis-
ter and the controlling diaries of the Canning Food Ltd.
From the steps of risk assessment I have used the
hazard identification, which is the same as the first
step of HACCP and exposure assessment. From this
analysis those microbiological risks which can be oc-
curred are shown in Table 1.

Table 1. Occurred microbiological risks

No. Name Pathogen 

1. chicken 

Salmonella 
S. aureus 

E.coli 
Clostridium Botulinum 

C. perfringens 

2. vegetables 
Salmonella 

E.coli 
Mould fungus 

3. starch 
4. cooking-oil 
5. salt 

6. seasons 
 

Salmonella 
E.coli 

Enterobacteriaceae 
Mould fungus 

S.aureus 
Clostridium Botulinum 

A general framework for doing quantitative mi-
crobiological risk assessment the Modular Process Risk
Model (MPRM) was recently proposed [Nauta 2001].
The framework resembles the approach of the Pro-
cess Risk Model. At the heart of the proposal is the
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suggestion that to each of the steps or key activities
at the various intermediary stages of a farm-to-fork
chain at least one of six basic processes can be as-
signed, i.e. specifically, growth, inactivation, partioning,
mixing, removal and cross contamination. These ba-
sic processes are the six fundamental events that may
affect the transmission of any microbial hazard in any
food process. There are two “microbial” basic pro-
cesses, growth and inactivation, and four “food han-
dling” processes. The “microbial” processes strongly
depend on the characteristics of the microbial hazard,
as the effects of environmental conditions on growth
and inactivation differ between species. New chal-
lenges to the safety of the food supply require the need
to realistically model microbial growth and decline, and
cooking processes using thermal heat transfer equa-
tions.

Heat transfer mechanics can be used to develop
mathematical relationships between the rate at which
a food is heated and the temperature of the coldest
portion of the food. Models have been developed for a
large portion of the different types of food processing
systems currently used. However, not all food process-
ing systems are easily modelled. In similar fashion,
mathematical relationships have been developed to
describe the kinetics of thermal destruction of micro
organisms.

Thermal destruction of micro organisms tends to
follow first order rate reaction kinetics and have tradi-
tionally been described by the rate, at a specific tem-

perature, required to reduce a population of organisms
by 90%. This value is referred to as the D value, or
decimal reduction time value. The change in D value
with temperature also follows a first order relation-
ship. The temperature increase required to reduce a
micro organism’s D value by 90% is referred to as the
z value. For thermal processes, understanding a micro
organism’s D and z values allows a processor to mea-
sure the amount of microbial destruction delivered by
the process.

From the basic processes I have chosen the in-
activation, in this case the sterilization and I have stud-
ied that how can we analyse quantitatively the inacti-
vate effect of sterilization. From the sterilization val-
ues, knowing the maximum permissible level of mi-
crobes, we can determine the requested number of
microbes before sterilization, and inversely, from the
microbes level of the contamination before inactiva-
tion we can count the number of microbes in the final
product.

I have studied the contamination changes of
mezofil aerobe soporiferous microbes and the
Clostridium Botulinum.

Discussion
I represented the temperature penetration curve

of the “chicken with vegetables” product (Figure 1.)
and the temperature fluctuation of heating substance
(Figure 2.). The changes of both temperature are
shown on Figure 3.

Figure 1. The temperature penetration curve of the “chicken with vegetables” product
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Figure 3. shows that the heat treatment of the
product can be divided into three parts: firstly the prod-
uct has to reach the temperature of heat-treatment,
than it has to be kept on that temperature and finally
comes the refrigeration. On Figure 3. also can be seen
that the heat-treatment does not happen on constant
temperature so it follows that the level of microbial
destruction is not constant. To average this, I have
counted the sterilization equivalence (F0) with finite
differences. I have divided the temperature penetra-
tion curve into j number interval with ∆ t = 3 min and
the changes of sterilization equivalence belong to the
intervals I have counted as follows:

∆ F0, j = [ (F/t)i + (F/t)i+1] /2 x ∆ t
Where:
(F/t) – inactivation ratio;

i – level of intervals, , t = 0 →  i = 1,  and

t = tn →  i = n;
j – number of Intervals: j = n – 1;

∆ t = 3 min
The data of product temperatures were used to

calculate the inactivation ratio (F/t) for each process
time. The equation used was:

F/t = 10 ([T - Tref]/z)

Where F is the pasteurization time describing the
equivalent process time (minutes) at the reference
temperature Tref (121,1°C) and t is the process time
(minutes) at the actual temperature T (degrees Cel-
sius). The z value of 10°C was used, because I
analysed the mesofil microbes and Clostridium Botuli-
num and while the pH value of this product is 4,5-5, I

Figure 2. The temperature of heating-substance

Figure 3. The temperature of heating substance and the product
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used the D121,1 = 1,5 value as decimal reduction time
value.

Counted results are shown in Table 2, while the
change of Fo during the sterilization procedure can be

seen in Figure 4.
The emphasised part of the table shows the final

value of sterilization equivalence so it follows that the
Fo = 8,931.

Table 2. Changes of sterilization temperatures and the sterilization equivalence (F0)

t (min) T (C°) (F/t) ∆ F0 F0 (min) 
0 22,6 1,41253752E-10 0 0 
3 22,7 1,44543977E-10 4,28699028E-10 4,28699028E-10 
6 27,1 3,98107170E-10 8,13976710E-10 1,256846612E-9 
9 37,9 4,78630092E-9 7,77661210E-9 9,033458717E-9 
12 50,6 8,91250938E-8 1,40867092E-7 1,499005507E-7 
15 62,1 1,25892541E-6 2,02207575E-6 2,171376307E-6 
18 71,6 1,12201845E-5 1,87186648E-5 2,089064117E-5 
21 79,4 6,76082979E-5 1,18242723E-4 1,391333647E-4 
24 85,9 3,01955191E-4 5,54345234E-4 6,934785989E-4 
27 91,2 0,0010232929 0,0019876724 0,002681150 
30 95,6 0,0028183829 0,0057625682 0,008443719 
33 99,5 0,0069118310 0,0145953208 0,023039040 
36 102,7 0,0144543977 0,0320502430 0,055089283 
39 105,5 0,0275422870 0,0629950270 0,118084310 
42 107,7 0,0457088189 0,1098766588 0,227960968 
45 109,6 0,0707945784 0,1747550959 0,402716064 
48 111 0,0977237221 0,2527774507 0,655493515 
51 112,1 0,1258925411 0,3354243949 0,990910568 
54 113 0,1548816618 0,4211613044 1,412079215 
57 113,8 0,1862087136 0,5116355631 1,923714778 
60 114,4 0,2137962090 0,6000073839 2,523722162 
63 114,8 0,2344223815 0,6723278857 3,196050047 
66 115,2 0,2570395782 0,7371929395 3,933242987 
69 115,6 0,2818382931 0,8083168069 4,741559794 
72 115,8 0,2951209227 0,8654388237 5,606998617 
75 116,1 0,3162277660 0,9170230330 6,524021651 
78 116,4 0,3388441561 0,9826078831 7,506629534 
81 114,6 0,2238721138 0,8440744048 8,350703939 
84 109,6 0,0707945784 0,4420000383 8,792703977 
87 102 0,0123026877 0,1246458991 8,917349876 
90 93,3 0,0016595869 0,0209434119 8,928229328 
93 84,0 1,94984460E-4 0,0027818575 8,931075145 
96 79,4 6,76082979E-5 0,0003938891 8,931469034 
99 70,7 9,12010919E-6 0,0001150926 8,931584127 

It can be seen that the growth of F0 – value
starts after 45-50 min. From the Fig. 1. it can be
appointed that the internal temperature of the prod-
uct is above 100°C. The product weight is 350 g.
Knowing the F0 value from the following connection
the number of microbes before sterilization can be
determined:

F0 = D121,1 * [log(Ni) – log(Ne)]
 Where:
D121,1 = 1,5;
Ni = the number of microbes before sterilization;
Ne = the number of microbes after sterilization;

So if we know, that the counted F0 = 8,931
min. and the permitted level of mezofil aerobe sopo-
riferous microbes is 102/g (according to the food
safety regulations of 4/1998. regulation of the Hun-
garian Health Minister and the controlling diaries of
the Canning Food Ltd.) we can determine the desir-
able level of microbes before sterilization. Substitut-
ing the counted values we get the following equa-
tion:

8,931 = 1,5 * log (350 * 10x) – log (350 * 102)
6 = log 350 + log 10x – log 350 – log 102
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6 = 2,54 + x – 2,54 – 2
4 = x
The result is 104, which means that before ster-

ilization the number of mezofil aerobe soporiferous
microbes should be under this value in order to reach
the required limit value. And also with this method
from the number of microbes before sterilization the
number of microbes of final product is predictable.

 In case of Clostridium Botulinum the permitted
level is 0. So if the number of Clostridium Botulinum is
102 before sterilization we can count its number in the
final product as follows:

8,931 = 1,5 * log (350 * 102) – log (350 * 10x)
6 = log 350 + log 102 – log 350 – log 10x

6 = 2,54 + 2 – 2,54 – x
x = - 4
It means that 10-4 is the number of Clostridium

Botulinum (1/104) namely there is one microbe in ev-
ery thousandth product.

Summary
Analysing the “chicken with vegetables” prod-

uct it can be declared that the sterilization of the prod-
uct is effective. Comparing the counted data with the
data measured by the microbiological laboratory of the
company there were not any significant differences.
Of course this method does not substitute the mea-
sures of laboratories but it can quantitatively support
the risk assessment and food safety systems.
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Figure 4. Change of Fo during the sterilization procedure
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