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ABSTRACT
Listeria monocytogenes is a human pathogenic bacterium which can cause serious disease, and
nowadays the regulation of the bacterium in the food processing environment has become a primary
issue in the assurance of food safety. Listeriosis is mostly related to the ingestion of contaminated
food, with 99% of human cases of listeriosis connected to food sources. However, the epidemic
and sporadic incidences of listeriosis are relatively low compared to other foodborne diseases, for
instance campylobacteriosis and salmonellosis, but the mortality from listeriosis is significantly
higher. This makes listeria one of the most important pathogenic bacteria.
Various studies substantiate the ability of L. monocytogenes to contaminate food processing
environments. The main target for food enterprises is to achieve a high level of hygiene, which can
be achieved by adequate sanitation, especially disinfection practices with disinfection agents that
are effective.
The aim of this study was to determine the efficacy of five commercial disinfectants against five
L. monocytogenes strains. Disinfectants were tested in accordance with BS-EN1276 quantitative
suspension test for the evaluation of the bactericidal activity of chemical disinfectants. The
experimental part was undertaken during the period of May/June 2015.
According to European Standard BS-EN 1276:2009 disinfectants must achieve five log reduction
for assessing the ability of disinfectant to eliminate or inhibit bacterial activity. The reduction was
calculated by subtracting the log of control from sample (after disinfection) group. In this study,
during laboratory tests all five disinfectants achieved at least 6.96 log reduction, the majority of
results exceed 7 log reduction. Based on the results, it can be assumed that disinfectants used in
this study are effective against L.monocytogenes bacterium.
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L.monocytogenes - это бактерии патогенные для человека, которые могут вызвать опасное
заболевание, в настоящее время контроль листериями в производственной среде пищевой
промышленности стал основным вопросом в обеспечении пищевой безопасности.
Листериоз в основном может быть связан с употреблением контаминированной пищи, 99%
установленных случаев листериоза связаны с пищевыми продуктами. Однако,
эпидемические и спорадические случаи листериоза сравнительно низки при сопоставлении
с другими заболеваниями пищевого происхождения, как например кампилобактериоз и
сальмонеллез, но смертность от листериоза значительно выше. Все это делает листерии
одними из основных бактерии. Различные исследования подтверждают способность
листерии загрязнять производственную среду пищевой промышленности. Основной
задачей предприятии пищевых продуктов заключается в достижении высокого уровня
гигиены, который может быть достигнут надлежащей санитарией, особенно
дезинфекционной практикой с применением эффективных дезинфицирующих средств.
Цель данного исследования заключалась в определении эффективности пяти коммерческих
дезинфицирующих средств, против пяти штаммов L.monocytogenes. Дезинфектанты были
испытаны в соответствии с Европейским Стандартом BS-EN1276 «Количественный
суспензионный тест для оценки бактерицидной активности химических дезинфицирующих
средств». Экспериментальная часть исследований была проведена в период май/июнь 2015г.
В соответствии с Европейским Стандартом BS-EN 1276: 2009 дезинфектанты должны
достичь пятикратного логарифмического снижения общего числа микроорганизмов, для
подтверждения способности ингибировать активность бактерий. Снижение рассчитывали
путем вычитания логарифмов контрольной группы от опытной группы (после
дезинфекции). В данном исследовании, в ходе лабораторных испытаний, все пять
дезинфицирующих средств достигли по меньшей мере снижения на 6,96 Log, большая часть
достигла свыше 7,0 Log понижения. На основании полученных результатов, можно
предположить, что дезинфицирующие средства, используемые в данном исследовании,
являются эффективными против L.monocytogenes.
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Listeria monocytogenes-пен байланысты әр түрлі аспектілерін зерттеу жалғасуда.
L.monocytogenes даму сипаты қауіпті және асқынулары ауыр ауруын тудыруы мүмкін
адамдарға патогенді бактериялар болып табылады. Адамдардың листериозды жұқтырудың
негізгі жолы - азық-түлік арқылы, листериозды жұқтырудың 99% жағдайы L.monocytogenesпен ластанған азық-түлік өнімдерін тұтынумен байланысты. Тамақ өнеркәсіптері үшін
негізгі мәселе тиімді дезинфекциялау құралдарын қолдану арқылы дезинфекция
тәжірибесімен тазалық пен санитарияның жоғары деңгейін қамтамасыз ету болып
табылады. Кәсіпорын азық-түлік негізгі мақсаты тиісті санитария арқылы қол жеткізуге
болады гигиена жоғары деңгейін, тиімді пайдалана отырып, дезинфекциялау әсіресе
тәжірибесін қол жеткізу болып табылады.
Бұл зерттеу жұмысының мақсаты L.moncytogenes-тің бес штаммына қарсы бес
коммерциялық дезинфекциялаушы құралдардың тиімділігін анықтау болды. Барлық
дезинфекциялаушы құралдар «Химиялық дезинфекциялау құралдарының бактерицидтік
қызметін бағалаудың сандық суспензиялық сынағы» BS-EN1276 Еуропалық стандартына
сәйкес сыналған. Зерттеу жұмысының эксперименталды бөлігі 2015 жылдың
мамыр/маусым айлары аралығында жүргізілді.
Еуропалық BS-EN 1276:2009 стандартына сәйкес дезинфекциялаушы құралдар
бактериялардың
белсенділігін
тежейтін
қабілетін
растау
үшін
олардың
микроорганизмдердің жалпы санының бес есе логарифмдік азаю деңгейіне жету керек.
Азаю деңгейі эксперименттік топтан бақылау тобының логарифмін шегеру жолымен
есептелген (залалсыздандырудан кейін). Бұл зерттеу жұмысында зертханалық сынақтар
барысында, барлық бес дезинфекциялаушы құралдардың азаю деңгейі 6,96 log дейін жетті,
барлык көрсеткіші -7,0 log. Алынған нәтижелерге сүйене отырып, осы зерттеуде
қолданылған дезинфекциялаушы құралдар L.monocytogenes-ке қарсы тиімді болып
табылады деп болжауға болады.
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1 INTRODUCTION
Listeria monocytogenes is considered to be one of the leading causative agent of food borne
illnesses (Lundén et al., 2005). L. monocytegenes is a ubiquitously intra-cellular gram-positive,
pathogenic bacterium which can cause listeriosis, a dangerous infection with severe manifestations
such as septicaemia, meningitis and foetal death (Garrido et al., 2009; Farber and Peterkin, 1991).
The morbidity of human listeriosis is low, but it has a high case-fatality rate of around 30%
(Vazquez-Boland et al., 2001). In the European Union, about 2,161 human cases were reported in
2014, with a mortality rate of 15% (European Food Safety Authority, 2015). L. monocytogenes is
primarily transmitted through lightly preserved or ready-to-eat food (RTE) products in which it can
survive and grow. Listeriosis is associated with RTE products and recent recalls of contaminated
batches has caused major economic losses in the food industry (Teratanavat and Hooker, 2004).
The incidences of food borne listeriosis are rising in the EU for example there was an incidence
increase of 30% in 2014 compared to 2013 (European Food Safety Authority, 2015).
A number of characteristics help the microorganism to persist and multiply in various types of
refrigerated or frozen RTE products. It can tolerate high concentrations of sodium chloride, low
temperatures and low oxygen content (Yousef and Lado, 2007). Modern lifestyle and urbanisation
lead to the rise in consumption of RTE (Garrido et al., 2009).
Today, food enterprises are facing problems connected with bacterial contamination of food
processing environment with pathogenic bacteria (Autio et al., 2004). Pathogenic bacteria are
spread ubiquitously, they can cause serious consequences and threats to public health (Nyachuba,
2010). Pathogenic microorganisms and particularly Listeria monocytogenes have the ability to
contaminate different food and food contact surfaces (Kusumaningrum et al., 2003). In European
RTE products, the highest prevalence of L.monocytogenes (10.6%) was determined in ready-to-eat
fish and fishery products (EFSA, 2015).
Preventing contamination by L. monocytogenes can be mainly achieved through efficient cleaning
of surfaces and especially disinfection measures (Yousef and Lado, 2007), which is considered to
be a critical step in reducing the level of pathogenic bacteria in the food processing environment.
Food enterprises and related industries adopt different cleaning and disinfection measures for
reduction of pathogens to acceptable levels, or for their elimination by using different chemical
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agents (Dvorak, 2008). Disinfection in the food processing environment can be done using
chemical or physical methods. Physical factors include heat treatment such as pasteurization, dry
heat sterilization, moist heat sterilization, nonionizing radiation with ultra-violet (UV) rays, and
filtration with membrane filters (Otto et al., 2011). Chemical treatments include sterilization with
addition of antimicrobial agents such as disinfectants and antiseptics (Mc Donnell, 2010). The
success of disinfection measures depends on certain conditions, such as concentration of chemical
substance, exposition time, and treated surface (Yousef and Lado, 2007). Disinfectants used in the
food industry should be able to eliminate or inhibit the growth of pathogenic bacterium (reference),
The aim of this study was to determine the efficacy of five commercial disinfection agents against
five L. monocytogenes strains. It is vital to analyse the effectiveness of the disinfectants in the food
processing environment (Breidt et al., 2006; Tompkin, 2002) as the cases of the human listeriosis
are likely caused by unsafe products for human consumption.
This study was done in the Institute of Public Health and Clinical Nutrition of the University of
Eastern Finland in May-June of the academic year 2015-2016.
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2 LITERATURE REVIEW
2.1 LISTERIA MONOCYTOGENES
The Listeria genus is a group of gram-positive bacteria with low content of guanine-cytosine,
similar to Staphylococci and Bacilli (Sallen et al., 1996). The Listeria genus consists of seven
species: L. monocytogenes, L. ivanovii, L. seeligeri, L.innocua, L. welshimeri, L. grayi and recently
discovered L. marthii (Graves et al., 2009; Sallen et al., 1996). Two members of the Listeria genus
are pathogenic, L. monocytogenes and L. ivanovii (Seeliger and Jones, 1986). L. monocytogenes is
pathogenic to humans, domestic animals and wild animals, whereas L. ivanovii is the major
pathogen for animals (Seeliger and Jones, 1986). L. seeligeri is generally recognized as avirulent,
even though it was isolated from a case of human listeriosis (Rocourt et al., 1986).
Morphologically L. monocytogenes are rods of 0.5-2 µm in length and 0.4 µm in diameter found
in short chains or as single cells and they can not form capsules or produce spores (Garrido et al.,
2009). Peritrichous flagella make the motility of L. monocytogenes possible when it is cultured
under +25ºC (Seeliger and Jones, 1986). In the temperature range between 0.5ºC to 45ºC L.
monocytogenes has the ability to persist and multiply, with optimal temperature for growth from
30-37ºC (Seeliger and Jones, 1986). Nevertheless, the growth of L. monocytogenes at the
temperatures lower than 4ºC is very slow (Garrido et al., 2009).
Depending on the type of acid and temperature L. monocytogenes can grow in the pH range 4.39.8 and can grow in acidic pH down to 4.0 (Yousef and Lado, 2007; Martin and Fisher, 1999).
L. monocytogenes can multiply in complex media with sodium chloride content up to 10 % and
different strains of L. monocytogenes can resist even 20% sodium chloride content
(Yousef and Lado, 2007; Seeliger and Jones, 1986). Consequently, L. monocytogenes can tolerate
low water activity, as low as 0.91 (Yousef and Lado, 2007). Furthermore, L. monocytogenes has
the ability to multiply with competitive microbes in the modified atmosphere (vacuum)
(Wimpfheimer et al., 1990).
The prevalence of L. monocytogenes in the outdoor environment is relatively low despite the
ubiquitous nature of the microorganism (Porsby et al., 2008). It could be isolated from different
sources in outdoor environment such as water, soil, sewage, decaying organic matter, human and
animal feces (Mohhamad et al., 2010; Rocourt, 1994).
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L. monocytogenes is divided in 13 serotypes (1/2a, 1/2b, 1/2c, 3a, 3b, 3c, 4a, 4ab, 4c, 4d, 4e, 7) due
to existence of somatic and flagellar antigens (Seeliger and Jones, 1986). Serotypes 1/2a, 1/2b, 1/2c
and 4b are responsible for at least 95% human cases of listeriosis (Swaminathan and Gerner-Smidt,
2007; Farber and Peterkin, 1991). The majority of human invasive listeriosis cases are caused by
serotype 4b, while non- invasive forms are caused by serotype 1/2 (Swaminathan and GernerSmidt, 2007) However, serotype 1/2 is commonly found in isolates obtained from food and food
processing environment (Jacquet et al., 2002).
The morbidity of human listeriosis is low, but it has a high case-fatality rate of around 30%
(Vazquez-Boland et al., 2001). In the European Union, about 1,476 human cases were reported in
2011, with a mortality rate of 12.7% (European Food Safety Authority, 2015). L. monocytegenes
is primarily transmitted through lightly preserved or ready-to-eat food (RTE) products in which it
can survive and grow. A number of characteristics help the microorganism to persist and multiply
in various types of refrigerated or frozen RTE products. It can tolerate high concentrations of
sodium chloride, low temperatures and low oxygen content (Autio et al., 2004). Modern lifestyle
and urbanisation lead to the rise in consumption of RTE (Garrido et al., 2009).

2.1.1 INCIDENCE OF LISTERIA MONOCYTOGENES IN FOODS
Today, food enterprises face problems connected with bacterial contamination of food processing
environments with pathogenic bacteria (Autio et al., 2004). Pathogenic bacteria are spread
ubiquitously and they can cause serious consequences and threats to public health (Nyachuba,
2010). Pathogenic microorganisms and particularly L. monocytogenes, have the ability to
contaminate different food and food contact surfaces (Nucera et al., 2010; Wagner et al., 2007;
Vitas et al., 2004, Kusumaningrum et al., 2003). The presence of L. monocytogenes in the food
processing environment is possible even if food processing process implemented according to
hazard analysis and critical control point (HACCP) principles (Autio et al., 2004). Specific
subtypes of L. monocytogenes also have the ability to persist for around ten years in the food
processing environment (Wulff et al., 2006; Norton et al., 2001).
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Listeriosis is mostly related to the ingestion of contaminated food with 99% of human cases of
listeriosis connected to food sources (Gray et al., 2004). However, the epidemic and sporadic
incidence of listeriosis is relatively low compared to other foodborne diseases, for instance
campylobacteriosis and salmonellosis, but the mortality from listeriosis is significantly higher
(Ivanek et al., 2004). This makes listeria one of the most important pathogenic bacteria (EFSA
2015; Ivanek et al., 2004). Furthermore, listeriosis caused by the ingestion of food contaminated
with the L. monocytogenes has an extensive effect on economy and public health (Mead et al.,
1999).
Numerous studies report that the highest numbers of L. monocytogenes incidence occur in readyto-eat food products (Garrido et al., 2009). In the United States, the level of prevalence of L
monocytogenes in RTE food products was detected as 1.82% in 31,705 tested samples (Kastbjerg
and Gram, 2009). The percentages of positive samples were highest in smoked seafood 4.3%, and
in seafood salads 4.7% (Gombas et al., 2003).
In the European Union, L. monocytogenes is seldom identified in RTE food products in levels
exceeding legal food safety limits. Levels exceeding 100 CFU/g are found more often in smoked
fish and RTE fishery products (Gombas et al., 2003; Wallace et al., 2003). The highest proportion
of positive samples have been obtained from the fish based RTE food products in levels exceeding
100 CFU/g and amounted 4.6% (EFSA, 2015).
Nevertheless, despite the amount of positive samples, there are only few reported human cases of
listeriosis related with ingestion of contaminated RTE fishery products, and limited numbers of
patients were affected (Farber et al., 2000; Brett et al., 1998). The first mention about L.
monocytogenes isolated from frozen crab meat was in 1987, human cases of listeriosis linked to
ingestion of seafood or fishery products were not reported before 1989 (Facinelli et al., 1989;
Ibusquiza et al., 2011). Furthermore, different fishery food products such as shrimps, steamed
mussels, fish salads, salmon and cold smoked rainbow trout were defined as a source of L.
monocytogenes and have caused human listeriosis (Tham et al., 2000; Miettinen et al., 1999; Brett
et al., 1998; Ben Embarek, 1994).
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It is also observed that L.monocytogenes can develop and reproduce in uncooked meat and
vegetables, as well as in unpasteurized raw milk and cheese. It is suggested that L. monocytogenes
strains can be destroyed through pasteurization and excessive cooking of meat (Cartwright et.al.,
2013). However, it is also observed that processed cheese made from unpasteurized milk may also
contain L. monocytogenes.
The prevalence of L. monocytogenes in the food processing environment and its frequent detection
has increased the doubts, that the food industry could eliminate contamination of
monocytogenes effectively (Ibusquiza et al., 2011).

L.

Since complete elimination of L.

monocytogenes in conditions of food enterprises is impracticable, legal limits for its control are
provided by legislation and implemented through effective hygiene practices.
2.2 CONTROL OF LISTERIA MONOCYTOGENES IN FOOD PROCESSING
The food legislation regarding the safe limits of L. monocytogenes varies in different countries, for
instance in the United States, it is zero tolerance for L. monocytogenes in RTE. In the European
Union, food safety requirements for L. monocytogenes are established in accordance with
Regulation (EC) No. 2073/2005 which requires the following:


The level of L. monocytogenes should not exceed 100 CFU/g during the shelf-life of the
food product.



L. monocytogenes must not be detected in 25 g of samples in food products intended for
vulnerable groups of people (YOPI: young, old, pregnant, immunosuppressed).

These levels have been set as acceptable to healthy and vulnerable groups of people (Buchahan et
al., 1997; Farber et al., 1996).
The Eurasian Economic Union (EEU) was established in 2010 and includes five member states
(Russia, Kazakhstan, Belarus, Armenia, and Kyrgyzstan) whose food legislation is regulated by
the Technical Regulations to Customs Union (TR CU 021/2011 “Food Safety”) which requires the
following:


L. monocytogenes should not be detected in 25 g samples in milk and dairy products, meat
and meat products, fish and fishery products, frozen vegetables.
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For efficient control at the level of food enterprises, potential sources of L. monocytogenes should
be monitored and cross-contamination should be avoided (Hellström, 2011; Gravani, 1999). The
problem of cross-contamination is represented by contamination of the final product from different
environmental sources, such as food processing enterprises, retail network, and household kitchen
(Soumet et al., 2005; Tompkin, 2002). Pathogenic bacteria can stay viable on different food contact
surfaces for weeks, and cause consequent contamination of food products (Lappi et al., 2004;
Lunden et al., 2000).

2.2.1 HYGIENE MANAGEMENT
A lack of awareness related to the food hygiene practices among the food manufacturers and
suppliers pose a serious threat to entire communities. Currently, in developed countries such as the
UK, USA, and the European Union food manufacturers, suppliers and handlers are instructed to
follow good manufacturing practices (GMP) at adequate levels (Gall, 2008).
GMP could be defined as a system, which describes practices and conditions for the food industry
to produce safe food. GMP includes the basis for determination of the safety of applied techniques
during food processing, food handling and food storage. GMP are considered to be a basic of
overall HACCP system. Food manufacturers should implement and develop practices in
accordance with GMP requirements to protect the end product from contamination with pathogens
(Gall, 2008).
In this context, relevant courses for food hygiene management on the governmental level are being
designed to create awareness among the food retailers and food handlers (Gall, 2008). It is
important to recognize that these hygiene management training are directed to enhance food safety
and quality (Early, 2012). Hence, these training sessions shall be designed as such that it may
communicate personal health, personal hygiene, and essential kitchen hygiene.

14

It is suggested that the use of disinfectants shall be deemed compulsory in the good manufacturing
practices formulary and the hygiene management practices shall be implemented vigorously
(Early, 2012). It is important to prevent microbial accumulation resulting into bio-film formation
that is extremely difficult to break (Early, 2012; Seaman and Eves, 2008).
The role of food hygiene training in improving food safety and in the implementation of food safety
management systems in the industry has been examined in different research studies (Early, 2012;
Seaman and Eves, 2008). It is found that providing awareness about the food safety procedures is
not sufficient for changing attitudes prevalent within the food industry (Seaman and Eves, 2008).
Findings of another study (Käferstein et al., 1997) suggested that formally accredited training shall
be provided to food handlers providing care to the elderly, children, as the food prepared at care
settings are made for a vulnerable population. In care settings, the effect of contaminated food
intake could be highly disastrous and could be life-threatening for the diseased population. An
appropriate culture of food safety in the working environment of food manufacturing facilities
needs to be incorporated for facilitating changes in behaviour and attitude of working staff (Seaman
and Eves, 2008). The importance of training shall be emphasized by providing an understanding
that the working personnel have the responsibility to protect the well-being of people. Käferstein
et al. (1997) also stressed on the fact that high-level safety management training shall be provided
in care settings for making the workforce competent enough to make decisions about the food
safety issues.
The job performance records should also be linked to working procedures and reinforcement of
safety practices into work regimes of food handlers. Incentives should be offered to food businesses
and personnel working in food industries for maintaining sanitization and use of disinfectants in
their food manufacturing and food processing procedures. The study findings (Seaman and Eves,
2008) revealed that the course content designed individually for certain food manufacturing and
supplying facilities have shown desirable results and have influenced behavioural changes among
the food handlers.
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Technical knowledge should be supported with documented workplace observations and in-house
training sessions to reduce the potential risks associated with food contamination (Seaman and
Eves, 2008). It is also observed that on-going supervisions of safety practices and pre-training of
the workforce in food industries are the factors that limit the hygiene management and
implementation of food safety management systems.
As Listeria species are prone to produce infection in meat and dairy products so studies are also
conducted on the food safety practices applied in slaughterhouses and meat processing plants.
Smigic et.al (2016) established that the food safety knowledge score of the meat handlers was not
adequate and they do not have the relevant standard operating procedures to reduce the chances of
bacterial growth.

2.2.2 Hazard Analysis Critical Control Point (HACCP)
An effective management system for ensuring food safety from raw material production and
handling to manufacturing, distribution and consumption of final product is Hazard Analysis
Critical Control Point (HACCP) (U.S. Food and Drug Administration, 2003; Khandke and Mayes,
1998). The aim of the HACCP system is the prevention of contamination of final food products
from physical, chemical, and biological hazards, which may occur during food processing process
(Khandke

and

Mayes,

1998).

HACCP

consists

of

seven

basic

principles

(Khandke and Mayes, 1998).
1) Hazard analysis: food processing plants determine the potential food safety hazards that
should be prevented, reduced or eliminated
2) Identification of Critical Control Points (CCP): identification of CCP where control is
essential to prevent, reduce or eliminate hazard
3) Establishing critical limits: determination of values of hazards to acceptable levels
4) Monitoring procedures for Critical Control Points: (implementation of effective monitoring
procedures at CCP
5) Corrective actions: establishing corrective actions
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6) Verification procedures: establishing procedures for verification of efficient working of a
program
7) Record keeping and documentation: procedures for verification of successful
implementation of a program

In the HACCP system, when deviations appear and control has been lost, the deviations should be
identified, and appropriate steps must be taken to re-establish control and ensure food safety
(Mortimore and Smith, 1998). For successful implementation of HACCP principles, a number of
prerequisite programs should be developed. Basic environment and operating conditions which are
essential for the safe production of food are provided by these programs. Prerequisite programs
must be documented and regularly reviewed, and they should be supported and defined
independently from the HACCP plan.
The aim of the prerequisite programs is to prevent the contamination of the food processing
environment and the final product with pathogenic bacteria such as L. monocytogenes
(Kornacki and Gulter, 2007). In order to achieve this:
1) The microbiological quality of the raw products should be within the legal limits.
2) The employees of the food processing plants should have thorough knowledge about food
hygiene management.
3) Food processing plants and equipment should be designed so they could be effectively
cleaned and disinfected, in order to avoid possible cross contamination.
4) Critical control points of the processing line where contamination is possible should be
identified and controlled.
According to Rocourt and Cossart (1997), L. monocytogenes can contaminate processing plants
through various media, for example, dirt on work shoe and clothes of the employee, transport
equipment, animals which excrete the pathogen in the environment, raw food of animal origin, raw
plant tissue, and probably, healthy human carriers.
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2.2.3 Codex
In 1963 the Food and Agriculture Organization (FAO) of the United Nations (UN) in collaboration
with the World Health Organization (WHO) established the Codex Alimentarius Commission
(FAO and WHO, 2005).

The Codex Commission provides worldwide harmonization of food

safety standards by coordination of the work undertaken between international governments and
non-governmental organizations (FAO and WHO, 2005). The Codex Alimentarius, also known as
a “Food Code” was created to reduce the number of risks related to food production, trade and
consumption. The Codex operations are based on science and focused on risk assessment,
management, and risk communication (FAO and WHO, 2005). The Codex Commission promotes
to the consumer confidence in food quality, to retailers confidence in food suppliers (FAO and
WHO, 2005). Codex aims to develop food safety standards and guidelines intended to protect the
health of consumers and to ensure the practice of fair-trade (FAO and WHO, 2005).
The Codex Commission has the jurisdiction in the area of the food safety, on food hygiene,
different types of food and food products (raw, semi-processed, and processed), food additives,
labeling of food products, residues of veterinary drugs and pesticides, contaminants of food, and
methods for assessing the food safety (FAO and WHO, 2005). Today, Codex Alimentarius
Commission includes 188 Members, 187 of them are Member Countries and one Member
Organization (European Union) (FAO and WHO, 2005).
Recommendations for food manufacturers concerning the prevention L. monocytogenes in food
processing environment are outlined in CAC/GL 61- 2007 “Guidelines on the application of
general principles of food hygiene to the control of Listeria monocytogenes in foods”.
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2.3 DISINFECTANTS USED IN FOOD INDUSTRY
It is has been suggested that common places in the food processing environment, where L.
monocytogenes might propagate and grow, include food processing equipment and utensils made
up of polyvinylchloride, polypropylene, and polystyrene (Møretro et al., 2004) or on the surface of
processed or cooked food (Kusumaningrum et al., 2003; Autio et al., 1999) which facilitates the
growth of L.monocytogenes and formation of a biofilm (Møretro et al., 2004).
It has been observed that L. monocytogenes has the capacity to survive even after the performance
of routine cleaning procedures in food industries (Fouladynezhad et al., 2013) which makes it
highly resistant to sanitizing compounds and disinfectants. Therefore, the L.monocytogenes strain
is considered to be a serious concern and a challenge in order to ensure microbiological safety in
food industries.
The cross- contamination of products being manufactured and processed in food manufacturing
facilities isalso a serious threat to the food industry (Yousef and Lado, 2007; Møretro et al., 2004).
This accounts for the fact that the persistence of bacteria strains due to the formation of unbreakable
bio-film is a major issue to be resolved by removing food contamination (Yousef A.H., 2007;
Møretro et al., 2004). This pathogenic bacterium on the food surfaces increases the risk of
transmission to wide-spread whereabouts because of unlimited reciprocation of its strains (Cabeça,
Pizzolitto, and Pizzolitto, 2012).
Studies have indicated (Otto et al., 2011; Yousef and Lado, 2007; Breidt et al., 2006) that
L.monocytogenes strains are unable to survive chemical treatment. However, Frank (1990)
suggested that the resistance of L.monocytogenes to heat may increase if they persist on glass and
stainless steel. Growth of the bacterium on the utensil surfaces is dependent upon the type and
design of the surface (Hellström, 2011). Further, L.monocytogenes strains are more resistant to
disinfection when observed in practical food processing environment as compared to its
development in the laboratory media at standardized conditions(Autio et al., 2004; Farber et al.,
2001).
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Chmielewski (2006) also supported the previous observations during the study of bacterium
resistance through predictive probability models. He also proved that high temperatures may cause
total inactivation of the bacterial cells.
The quest for highly efficient disinfectants is extremely important for preventing spoilage and
contamination caused by L. monocytogenes. The prime goal of disinfection is to remove organic
compounds of the food surfaces, and to reduce the microorganisms from the food contact surfaces.
Chemical disinfection techniques are most widely used in the food industry and the factors that
may affect the disinfection process may include disinfectant efficacy and strain sensitivity
(Hellström, 2011). Therefore, it should be kept in mind that the disinfectant should have the
spectrum required for activity so that it could eliminate the contaminants appropriately. It is
furthermore suggested that the sessile microbial cells offer more resistance to disinfectants as
compared to suspended bacterial cells (Early, 2012). Hence, the presence of

L. monocytogenes

forming a cake on the surface can decrease the efficacy of disinfectant, thus; inactivating its
destructive action.
Disinfectants should have a broad spectrum i.e. they should be effective against a wide range of
fungi, bacteria, and viruses. A wide range of disinfectants is therefore available in the food industry
which could be used on the basis of their appropriateness. They are divided into different classes
(Table 1) such as alcohols, biguanides, aldehydes, peroxygens, halogen-releasing agents and QAC
( Katsbjerg and Gram, 2009; Asselt and Giffel, 2005; Gilbert and Moore, 2005)
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Table 1. Disinfectant agents used in food processing industry (Asselt and Giffel, 2005; Gilbert and
Moore, 2005).
Class of disinfectant

Active compound

Characteristics

Alcohol

Ethanol
Isopropanol
Polymeric Biguandines
Chlorhexidine

Use in high concentrations is needed (60-90%),
not for large industrial application.
Particularly used by food processing industry,
biocides due to absence of toxicological
properties.
Not frequently used in food processing
industry, highly toxic.
Frequently used in food processing industry,
effective
against
organic
matters.
Disadvantage: corrosive.
Majority of available disinfectants are chlorine
based, since it is cheap and effective.
Disadvantage: corrosive.
Frequently used in food processing industry,
expensive than chlorine.
Advantages: non-corrosive.

Biguandines
Aldehydes
Peroxygens
Halogen-releasing
agents
Quaternary
ammonium
compounds

Formaldehyde
Glutaraldehyde
Peracetic Acid
Hydrogen Peroxide
Hypochlorite
Iodine

Chlorine based, peroxygens and QUAC are the most frequently used disinfectants for
L.monocytogenes in the food industry (Ibusquiza et al., 2011; Katsbjerg and Gram, 2009). The
choice among these three disinfectants depends on the site of applying in the food processing plant.
Chlorine-based compounds are not a good choice for L.monocytogenes as they can be easily
deactivated by the presence of organic material contamination (Ibusquiza et al., 2011; Katsbjerg
and Gram, 2009). Peroxygens are efficient and are not affected by organic debris to much extent.
However, both the compounds have a corrosive nature which limits their efficacy (Ibusquiza et al.,
2011; Katsbjerg and Gram, 2009). QAC are the most widely used as they are non-corrosive in
nature and have adequate results over Listeria species even after coming into contact with the
organic material (Cabeça, Pizzolitto, and Pizzolitto, 2012).
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The destruction probability of Listeria species has been assessed by using different disinfectants.
It is assessed that the quaternary ammonium compounds (QAC) are useful in destroying L.
monocytogenes strains in double concentrations (Carballo, 2012). QAC is also effective against the
planktonic L. monocytogenes at temperatures higher than 85°C (Carballo, 2012). It is therefore
suggested that the combination of both heat and chemical treatment is a reasonable approach in
disinfecting food surfaces (Carballo, 2012). Moorman et al., (2005) presented similar results that
Listeria species is more sensitive to QAC at sub-lethal disinfectant concentrations. Furthermore, it
is also deduced from experimentation that use of ultra-sonication techniques with quaternary
ammonium-based or chlorine disinfectants are highly effective in destroying the resistant
bacterium bio-film (Hellström, 2011)
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3 OBJECTIVES
The aim of the present study was to determine the efficacy of five commercial disinfection agents
against five L. monocytogenes strains. In order to substantiate the efficacy, disinfection agents used
in this study should ensure the >5 Log10 reduction of L. monocytogenes to the safe limits
CFU/g), or inhibit the growth completely.

(≤100
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4 MATERIALS AND METHODS
4.1 MATERIALS
The laboratory studies were conducted in the microbiological laboratory of the Institute of Public
Health and Clinical Nutrition at the University of Eastern Finland. The bacterial activity was
evaluated using L. monocytogenes strains 4030, 4322, 4323, 3144 and 3476 as test organisms.
These strains have been isolated from a local fish processing plant, and they have been identified
and characterized by Finnish Food Safety Authority (Evira),
Five following commercial disinfectants used in fish industry were obtained to determine
antimicrobial efficacy:
1) Mida 165 (Oy Christeyns Nordic AB, Finland), sodium chlorite and sodium hydroxide.
2) Mida Chriox 5 (Oy Christeyns Nordic AB, Finland) peracetic acid, hydrogen peroxide.
3) Mida Flow 109 (Oy Christeyns Nordic AB, Finland), sodium chlorite and sodium
hydroxide.
4) Mida Foam 193 (Oy Christeyns Nordic AB, Finland), sodium hydroxide, sodium
hypochlorite.
5) F17 Sendes (KiiltoClean Oy), Alkaline foam detergent.
4.2 METHODS
According to European Standard BS-EN 1276:2009 the following are main steps for assessing
ability of disinfectant detergent to eliminate or inhibit bacterial activity (Figure 1):
1) Preparing a subculture from the stock culture.
2) Preparing of neutralization solution.
3) Preparing of disinfection solution.
4) Making a serial dilution for control and sample groups.
5) Transferring on TSA-agar plates.
6) Incubation 48h.
7) Counting the CFU/ml
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Figure 1. Assessment procedure of disinfectant detergents on the elimination or inhibition of L.
monocytogenes.

4.2.1 Preparation of suspension culture, growth media used and conditions
Stock cultures were maintained on BAP (Blood agar plates), cultivated 24 hours at 37ºC and kept
at 4ºC. Subcultures were inoculated on TSA (Tryptic soy agar) plates and incubated at 37ºC for 48
hours.
Colonies from TSA were suspended in fresh TSB (Tryptic soy broth) medium and incubated at
37ºC for 24 hours. In order to separate supernatant from bacterial cells, overnight cultures in 35 ml
tubes with TSB medium were centrifuged for 10 min at 3000 rpm. Supernatant was discarded and
35 ml of 0.9% NaCl (sodium chloride) added to wash bacterial cells. TSB tubes were centrifuged
a second time (10 min at 3000 rpm), the supernatant discarded and 35 ml of 0.9% sodium chloride
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added. Before further experiments, the bacterial cell density was measured with a
spectrophotometer (Genesys, Germany) to achieve 108 CFU/ml (A625 nm of approximately 2.0).
Subsequently, for the experiments, 1 ml of bacterial suspension was mixed with 1 ml of 1.5% BSA
solution (Bovine serum albumin) in order to imitate “contaminated conditions” of the food
processing environment.

4.2.2 Preparation of disinfection solution
Five commercially available disinfectants Mida Flow 109, Mida 165, Mida Foam 193, Mida 5
Chriox, F17 Sendes were obtained for laboratory experiments. They were used following the
manufacturer’s instructions to get the solutions with recommended concentrations. Disinfectants
were diluted with clean tap water to make an imitation of conditions close to food processing
environment.

4.2.3 Suspension test
Control:
1 ml of bacterial suspension was mixed with 24 ml of sterile water and stored for 5 minutes in cold
room. After the serial dilution series, 100 µl was pipetted to 12 TSA plates marked in accordance
to concentrations and then placed to the incubator at 37ºC for 48 h.
Samples:
1 ml of bacterial suspension was mixed with 24 ml of diluted disinfection agent and stored for 5
minutes in cold room. 0.5 ml of ready solution (disinfectant plus bacteria) was mixed with 4.5 ml
of neutralization liquid to reduce the effect of the disinfectant and stored in a cold room for 5
minutes. Subsequently, after the serial dilution series 100 µl was pipetted to 12 TSA plates marked
in accordance to concentrations and then placed to the incubator for 48 h at 37ºC.
Laboratory tests conducted in this study were implemented once, not in triplicate, all five bacterial
strains were tested with five disinfectants.
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4.2.4 Determination of the antibacterial activity
After 48 hours, all TSA plates were removed from the incubator and viable bacterial cells were
counted using colony counter. Colony-forming unit (CFU) concentrations were expressed in
logarithms. The data obtained was analyzed by the comparison with >5 Log10 reduction, to
substantiate the efficacy in accordance with European Standard BS-EN 1276:2009. The
antibacterial activity (AA) was calculated using equation: AA= Log Nc – Log Nd, where Nc is
CFU/ml before disinfection and Nd after disinfection treatment.
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5

RESULTS

In this study, the efficacy of five different commercially available disinfectants, namely Mida
165, Mida Chriox 5, Mida Flow 109, Mida Foam 193 and F17 Sendes against five Listeria
monocytogenes strains was observed, as shown in Table 2.
Table 2. The effect of five disinfectants against five Listeria monocytogenes strains in
quantitative suspension test according to European Standard BS-EN 1276:2009.
Log10 reduction for different disinfectant test solutions1
Bacteria

L. monocytogenes
L. monocytogenes
L. monocytogenes
L. monocytogenes
L. monocytogenes
1

Strain
No.
3144
3476
4030
4322
4323

F 17
Sendes

Mida 165

7.28
7.29
7.24
7.65
7.56

7.06
6.96
7.12
7.37
7.47

Mida
Flow 109
7.57
7.37
7.39
8.06
7.07

Mida 5
Chriox
7.13
7.38
7.29
7.15
7.36

Mida
Foam
193
7.22
7.03
7.31
7.30
7.33

According to EN 1276 standard to determine the efficacy of tested disinfection solutions requires >5 Log

10

reduction to pass the test.

The highest value of efficacy for all strains of L. monocytogenes was demonstrated by Mida
Flow 109 disinfectant with log10 reduction range equal to 8.06 log units, whereas the lowest
value of efficacy was given by Mida Foam 193 with 7.33 units of log10 reduction range
respectively. Mida 165 and Mida 5 Chriox had a reduction value of 7.47 and 7.38 log units,
respectively.
When compared with the positive controls of L. monocytogenes 4322 strain, there were no
viable cells after disinfection treatment with sodium chlorite and sodium hydroxide (Mida Flow
109). Treatment with alkaline foam detergent (F17 Sendes) was also effective against L.
monocytogenes 4322 strain, 7.65 Log units. After disinfection treatment with Mida 165 against
L. monocytogenes 3476 strain, the Log reduction value was lower in comparison with other
results indicated in this study, 6.96 Log units.
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Among the five strains of L. monocytogenes tested, L. monocytogenes 4322 and L. monocytegenes 4323 had higher values of Log10 reduction than the other listeria strains with Mida Flow
109 and F17 Sendes. L. monocytogenes 3476 showed lower log10 reduction values for Mida
165.
All selected disinfectants demonstrated log10 reduction values significantly higher than 5 log
units.
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6 DISCUSSION AND CONCLUSION
Low levels of hygiene and insufficient sanitation practices have been determined as a major factor
in outbreaks of foodborne illnesses (Cabeça et al., 2012; Chmielewski, 2003). In this study five
commercially available disinfectants Mida 165, Mida Chriox 5, Mida Flow 109, Mida Foam 193
and F17 Sendes industrially used in fish processing, were selected to determine the efficacy against
five L. monocytogenes strains 3144, 3476, 4030, 4322 and 4323. To substantiate bactericidal
activity, disinfectants should demonstrate at least 5 Log10 reductions in the growth of L.
monocytogenes.
All selected disinfectants demonstrated log10 reduction values significantly higher than 5 log units
implying that selected disinfectants eradicate the growth of L. monocytogenes with the
concentrations recommended by manufacturers. The results showed that L. monoctyogenes 4322
and 4323 had higher log10 reduction rates in growth than other strains, with the disinfectants Mida
Flow 109 and Mida 165. This might reflect that these two strains are more sensitive to the tested
disinfectants in comparison with other strains. However, based on the data obtained, statistical
differences between the bacterial strains and disinfectants cannot be proved.
These data demonstrates that the disinfectant Mida Flow 109 was the most effective against L.
monocytogenes, whereas, Mida 165 was least effective. Carruthers et al., (2012) reported similar
results where four commercial disinfectants tested against L. monocytogenes were effective, with
the best results demonstrated by sodium hypochlorite (6.46 Log10 reduction).Frank, 2003 reported
that sodium chlorite and peracetic acid based disinfectant was the most effective against L.
monocytogenes, >5Log reduction after 1 min exposure.Aarnisalo et al., 2000 reported that
disinfectans containing hydrogen peroxide, peracetic acid and acetic acid are considered to be
effective against L. monocytogenes (more than 4 Log units reduction).
A number of different factors could have an impact on the efficiency of disinfectants, such as
concentration, exposure time, water hardness, temperature. Working temperature is critical in the
case of L. monocytogenes, as it can grow at low temperatures, disinfectants could be less effective
or ineffective in cold conditions. Furthermore, laboratory experiments were conducted once, not in
triplicate. With this in mind, this data can only be considered preliminary and is thus not conclusive.
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