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1. INTRODUCTION 

Listeria monocytogenes is a foodborne pathogen responsible for listeriosis, 
a severe infection with significant morbidity and mortality that is most 
prevalent among vulnerable populations such as older adults, pregnant 
women, neonates, and immunocompromised individuals. Its ability to 
proliferate at refrigeration temperatures and persist in diverse food 
matrices makes it a critical concern for ready-to-eat (RTE) foods, which are 
consumed without further processing (Allerberger, 2003; Osek & 
Wieczorek, 2023). Contamination of RTE products, such as smoked fish or 
heat-treated meat products, where contamination takes place after 
the treatment, and soft cheeses, poses a substantial public health risk. This 
necessitates robust food safety measures to protect consumers, especially 
those most susceptible to severe outcomes. 
 
Concurrently, consumer demand for natural and minimally processed foods 
has increased. This is driven by concerns over the long-term health impacts 
of synthetic food preservatives, which are not completely understood. Food 
plants, including fruits, vegetables, and herbs, are rich in bioactive 
compounds with antimicrobial properties, thereby offering a promising 
alternative to synthetic agents (Adunola et al., 2015; Huang et al., 2020). 
In vitro  studies have demonstrated the antimicrobial effect of natural plant-
based additives (Meremäe et al., 2025). However, their efficacy requires 
further verification in complex food matrices, where interactions with pH 
and food components like fats and proteins can alter performance (Othman 
et al., 2011; Wang et al., 2023). 
 
The aim of this thesis was to determine the prevalence and counts of 
L. monocytogenes in RTE foods and to evaluate the antimicrobial effects 
of plant-based additives in meat products. This study represents the first 
comprehensive assessment of L. monocytogenes prevalence and 
contamination levels across various RTE food categories in Estonia. 
Furthermore, it provides scientific proof on the antimicrobial properties of 
selected plant-based additives, including their effectiveness against 
L. monocytogenes. 
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2. REVIEW OF LITERATURE 

2.1. General description of Listeria monocytogenes  

L. monocytogenes is a Gram-positive, facultative anaerobic bacterium that is 
rod-shaped, appears in short chains, and is motile between 22 °C and 28 °C. 
It can grow in temperatures from -0.4 °C to +45 °C, with its optimal growth 
temperature being +37 °C (Allerberger, 2003). Its ability to survive and 
grow in extreme conditions, including a wide pH range from 4.6 to 9.5, high 
salt concentrations (up to 20%), relatively low (<0.90) water activity (aW), 
and a broad range of temperatures, poses a significant concern for the food 
industry (Osek & Wieczorek, 2023). L. monocytogenes can remain in 
the environment for at least eight weeks, with its widespread presence 
in food being linked to the ability to easily adapt to the food processing 
environment (Wiktorczyk-Kapischke et al., 2021). Additionally, 
environmental stress influences the morphology, gene expression, 
virulence, and antimicrobial resistance of L. monocytogenes (Matereke & 
Okoh, 2020). 
 
 

2.1.1. L. monocytogenes as a foodborne pathogen  

L. monocytogenes is widespread in nature and can be isolated from surface 
and underground waters, slaughter wastes, improperly fermented silage, 
sewage sludge, animal and human faeces, foodstuffs, and food industry 
plants (Ivanek et al., 2006). The main route of transmission to people is 
believed to be through the consumption of contaminated food, including 
meat, vegetables, RTE foods, seafood, and dairy products, which makes it 
a prevalent foodborne pathogen (Kurpas et al., 2018). 
 
In food processing environments and food products, pathogens face various 
stress factors, including high or low temperatures, low pH levels, high salt 
concentrations, and chemical exposure, some of which can be harmful or 
even deadly. The ability of L. monocytogenes to overcome these stressors 
ÁÎÄ ÉÔÓ ÐÏÔÅÎÔÉÁÌ ÔÏ ÃÁÕÓÅ ÉÌÌÎÅÓÓ ÁÒÅ ÃÌÏÓÅÌÙ ÌÉÎËÅÄ ɉ/ȭ"ÙÒÎÅ & Karatzas, 
2008). L. monocytogenes adapts to low temperatures by producing cold 
shock proteins in response to sudden cold stress, and cold acclimation 
proteins during steady growth at low temperatures (Bayles et al., 1996). 
Additionally, the survival of bacteria under adverse environmental 
conditions involves changes in the transcription of genes. The alternative 
stress sigma factor, sigma B, has been identified in Gram-positive bacteria 
such as Bacillus subtilis and L. monocytogenes (Becker et al., 2000). A strong 
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stress response is crucial for the pathogen to survive and persist in the food 
processing environment (NicAogáin & /ȭ"ÙÒÎÅȟ ςπρφɊȢ 
 
The capability of L. monocytogenes to form biofilms on different surfaces 
within food production environments makes its eradication challenging and 
enables long-term persistence. This increases the risk of potential food 
contamination in the food production stage (Osek & Wieczorek, 2023). 
 
The ability to withstand multiple stress factors, including heat, cold, and 
osmotic stress, presents a significant threat to food safety (Mäesaar et 
al., 2021). Consequently, there is an increasing need for alternative 
disinfection techniques in the food industry that minimise the use of acids 
and alkalis. A potential solution is the use of natural substances such as herb 
extracts, essential oils, or bacteriocins, which are safe for consumers and 
the environment (Wiktorczyk-Kapischke et al., 2021). 
 
 

2.1.2. Listeriosis cases and outbreaks in the European Union and 
Estonia 

L. monocytogenes causes the disease listeriosis, infecting both humans and 
animals (ANSES, 2020). In humans, listeriosis presents in two primary 
forms: non-invasive and invasive. The non-invasive type predominantly 
affects individuals with a healthy immune system, and typically causes mild 
symptoms such as diarrhoea, fever, headaches and muscle aches. 
In contrast, the invasive form primarily impacts immunocompromised 
individuals and leads to severe complications like meningitis and 
septicaemia (Osek & Wieczorek, 2022). Although listeriosis has a low annual 
incidence of 0.1 to 10 cases per million individuals, its mortality rate 
remains significantly high, often surpassing 15ɀ20% (WHO, 2018). 
Immunocompromised individuals, including neonates, pregnant women, 
older adults, and patients with human immunodeficiency virus, exhibit 
increased susceptibility to L. monocytogenes infections (Freitag et al., 2021). 
 
In 2023, 27 European Union (EU) member states reported a total of 2,952 
confirmed cases of invasive listeriosis in humans. The reported cases of 
listeriosis in humans demonstrated a steady increase from 2019 to 2023, 
which was the highest since 2007. According to the European Food Safety 
Authority (EFSA) and European Centre for Disease Prevention and Control 
(ECDC) report, contaminated RTE foods such as cold-smoked salmon, meat 
products, and dairy products were the most common source of infections 
(EFSA & ECDC, 2023). 
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Between 2014 and 2022, Estonia demonstrated greater variability in 
incidence rates compared with the EU and European Economic Area (EEA), 
with a pronounced peak in 2018 reaching 2.05 cases per 100,000 
population, substantially exceeding the EU/EEA average. This was followed 
by a decline in 2019 and a sharp drop in 2020 to 0.23 per 100,000 
population. In 2021 and 2022, the incidence rate rose again to 0.38 and 0.83, 
respectively, which highlights a renewed concern over listeriosis infections 
in Estonia (EFSA & ECDC, 2023; EHB, 2025). 
 
 
 

2.2. L. monocytogenes in ready -to-eat food 

The majority of listeriosis outbreaks are caused by the consumption of RTE 
foods with a long shelf life (storage time of more than ten days). Affected 
RTE foods are predominantly meat and fish products, which reflects 
the ability of L. monocytogenes to multiply at low temperatures in RTE foods 
packed in vacuum or gas environments (Stephan et al., 2015). 
 

L. monocytogenes can contaminate food at any stage of the food production 
chain, including during processing or packaging after heat treatment. 
Although most RTE foods have the potential for contamination, 
the occurrence and levels of contamination are generally low and variable 
(EURL Lm, 2021). However, the risk of listeriosis is associated with foods 
that support the survival and proliferation of bacterium, particularly under 
inadequately controlled storage parameters (e.g., temperature and 
duration) or preparation methods (ANSES, 2020). 
 
In 2022, the highest contamination rates at the manufacturing stage were 
reported in fish and fishery products (1.8%), fish (1.4%), and soft and semi-
soft cheeses (1.3%). During distribution, the highest occurrence rates were 
observed in products of meat origin (fermented sausages, 14.8%), followed 
by hard cheeses (1.8%), products of meat origin other than fermented 
sausages (1.4%), and fish (1.1%). Data on positive samples further indicated 
that the proportion exceeding 100 colony-forming units per gram (CFU/g) 
was either zero or remained consistently low across all RTE food categories. 
A proportion of 0.78%, the highest reported, was associated with fermented 
sausages (EFSA & ECDC, 2023). 
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2.2.1. Food safety criteria for ready -to-eat foods 

Food safety standards for RTE foods in the EU are established under 
the European Commission (EC) Regulation No 2073/2005 on 
microbiological criteria for foodstuffs, which outlines both food safety and 
process hygiene requirements (EC, 2005). This regulation includes specific 
criteria for L. monocytogenes, with limits expressed as CFU/g or millilitre 
(CFU/ml) or as the absence of the bacterium in a specified sample weight. 
It  also establishes sampling plans, analytical reference methods, 
the production stages where the criteria apply, and the corrective actions 
required when results are unsatisfactory (EC, 2005). 
 
Briefly, L. monocytogenes must be absent in a 25 g sample across ten sample 
units in RTE foods formulated for infants and individuals with specific 
medical requirements. For other RTE products, the bacterium is accepted at 
concentrations not exceeding 100 CFU/g throughout the prodÕÃÔȭÓ ÓÈÅÌÆ ÌÉÆÅȢ 
Furthermore, in RTE foods that support the growth of L. monocytogenes, 
the bacterium must not be detected in a 25 g sample at the point of 
departure from the production facility after analysing five sample units. 
However, the latter criterion can be exempted if the producer satisfactorily 
demonstrates to the competent authority (CA) that the product will remain 
below 100 CFU/g for the duration of its shelf life (EC, 2005). 
 
 
2.2.2. Prevalence and counts of L. monocytogenes in ready -to-eat food 

The demand for RTE foods has increased in response to changing lifestyles 
(Smigic et al., 2023). Quantitative modelling by EFSA showed that over 90% 
of invasive listeriosis cases are attributable to RTE foods containing more 
than 2,000 CFU/g of L. monocytogenes. Approximately one-third of these 
cases are additionally associated with consumer-related factors (EFSA 
BIOHAZ Panel et al., 2018). 
 
Despite the implementation of food safety criteria for L. monocytogenes 
in RTE foods since 2006 under EC (2005), the incidence of human invasive 
listeriosis in the EU/EEA has statistically significant increase between 2008 
and 2015 (EFSA & ECDC, 2016). EU-wide baseline survey was carried out in 
2010ɀ2011 to evaluate the prevalence and counts of L. monocytogenes 
in RTE foods at retail. The study assessed packaged non-frozen smoked or 
gravad fish, heat-treated meat products, and soft or semi-soft cheeses. 
At the end of their shelf life, the estimated proportion of samples exceeding 
100 CFU/g was 1.7% for RTE fish, 0.43% for RTE meat, and 0.06% for RTE 
cheese (EFSA BIOHAZ Panel et al., 2018). 
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Kurpas et al. (2018) performed a comparative analysis of L. monocytogenes 
prevalence in RTE meat products across multiple geographic regions, 
revealing substantial variability in contamination levels. In Europe, 
detection rates ranged widely from minimal levels in the United Kingdom 
(e.g., 0.24% in pâté) to substantially higher incidences in Slovakia, such 
as υψȢσϷ ÉÎ )ÐÅċÓËÜ ÓÁÕÓÁÇÅȢ ! ÓÉÍÉÌÁÒ ÔÒÅÎÄ ×ÁÓ ÏÂÓÅÒÖÅÄ ÉÎ !ÓÉÁȟ ×ÈÅÒÅ 
countries like Japan reported low contamination levels (e.g., 0.8% in heat-
treated meats), whereas Malaysia showed elevated rates, including 13.3% in 
sausages (Kurpas et al., 2018). Additionally, South American data 
indicate significant public health concerns, with Brazil reporting 
a 39.8% contamination rate in pork sausage and Chile documenting 55% in 
pâté. North America displayed a lower prevalence, with Canada reporting 
4% in fermented sausages (Kurpas et al., 2018). 
 
 

2.2.3. Challenge studies of L. monocytogenes in ready -to-eat food 

A challenge test is a laboratory-based assessment used to evaluate 
the microbiological safety of a product by determining its ability to support 
(or not) the growth of L. monocytogenes. Numerous factors influence 
L. monocytogenes growth in foods and are subsequently categorised 
as intrinsic  (pH, aw, salt concentration, moisture content, natural microflora, 
nutrient composition, preservatives, food structure) or extrinsic (packaging, 
humidity, gas composition, and temperature-time profiles) parameters 
(EURL Lm, 2021). The European Union Reference Laboratory (EURL) 
for L. monocytogenes has developed two guidance documents. The first 
document, Ȭ'ÕÉÄÁÎÃÅ ÄÏÃÕÍÅÎÔ ÏÎ Listeria monocytogenes shelf-life studies 
for ready-to-eat foods, under Regulation EC (2005) on microbiological 
ÃÒÉÔÅÒÉÁ ÆÏÒ ÆÏÏÄÓÔÕÆÆÓȟȭ is intended for food business operators (FBOs) 
to assess the risk of L. monocytogenes contamination. The second document, 
ȬEURL Lm technical guidance document on challenge tests and durability 
studies for assessing the shelf-life of ready-to-eat foods in relation to Listeria 
monocytogenes,ȭ is addressed to laboratories carrying out the shelf-life 
studies. 
 
This quantitative criterion applies if the FBO can demonstrate, to 
the satisfaction of the CA, that its product will not exceed the 100 CFU/g 
limit throughout its shelf life. Where necessary, the FBO must conduct 
studies to assess the potential growth of L. monocytogenes in the product 
during its shelf life under reasonably foreseeable storage conditions (Bergis 
et al., 2023). 
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2.3. Antimicrobial effects of plant additives  

Studies have shown that extracts from fruits and vegetables rich in phenolic 
compounds possess strong antioxidant properties, antimicrobial effects, 
and the ability to inhibit pathogens (Adunola et al., 2015; Huang et al., 2020). 
Some phenolic compounds, such as carvacrol, thymol, and eugenol, show 
significant inhibitory effects on L. monocytogenes, with varying minimum 
inhibitory concentrations (Alves et al., 2016). Other phenolic compounds, 
including flavonoids, stilbenes, and cinnamic acids, also display 
antimicrobial activity, with specific compounds like resveratrol and 
quercetin demonstrating the highest potency (Bouarab Chibane et al., 2019). 
These compounds disrupt bacterial membranes, thereby leading to cell 
damage and death by reducing adenosine triphosphate (ATP) levels and 
causing the loss of cellular content. The structure of the phenolic 
compounds, including the presence of alkyl groups or ester modifications, 
influences their antibacterial efficacy. Lipophilicity, or the ability 
of compounds to interact with bacterial cell membranes, also plays a key 
role in enhancing their antimicrobial effects (Bouarab-Chibane et al., 2019). 
 
Essential oils are receiving greater attention as natural additives to help 
extend the shelf life of food, especially with growing concerns over the use 
of synthetic preservatives (Tongnuanchan & Benjakul, 2014). 
 
 

2.3.1. Methods used for studying antimicrobial effect  

Several in vitro bioassays, such as disk-diffusion, well diffusion, and broth 
and agar dilution methods, are commonly used for studying 
the antimicrobial effect of plant extracts (Balouiri et al., 2016). Previous 
study by Venanzoni et al. (2024) has evaluated the antimicrobial properties 
of plant extracts under in vitro conditions, thus, their findings cannot be 
directly applied to complex food matrices. The exact mechanisms 
underlying possible reduced efficacy remain unclear, although 
methodological variability across studies limits the comparability of 
the resulting data (Oulahal & Degraeve, 2022). These findings indicate that 
the food matrix is a key factor influencing the activity of antimicrobial agents 
(Othman et al., 2011; Wang et al., 2023). Bombelli et al.ȭÓ ɉςπςσɊ ÆÉÎÄÉÎÇÓ 
further emphasised the critical role of the food matrix in evaluating 
the effectiveness of novel antimicrobial agents. 
 
While in vitro antimicrobial assays provide preliminary evidence of efficacy, 
the activity of plant extracts in real food matrices can be influenced by 
factors such as food composition, pH, aw, and storage conditions. 
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Therefore, durability studies in food matrices are necessary to evaluate 
practical antimicrobial effects (Wang et al., 2023). A food durability study is 
a microbiological assessment designed to evaluate the growth dynamics of 
naturally occurring bacterial populations in a food product stored under 
reasonably foreseeable environmental conditions throughout the supply 
chain, including production, distribution, retail, and domestic storage. 
Together with challenge testing, it is employed to validate the shelf life of 
food under specified storage conditions (Bergis et al., 2023). 
 
 

2.3.2. Plant additives used as natural antimicrobials  

With the growing population and consequent expansion of the food 
industry, food additives are critical in maintaining food quality and safety. 
However, concerns over health risks associated with consumption of 
synthetic food additives have led to a search for natural alternatives (Chen 
& Xia, 2024). Plant-based additives are promising replacements due to their 
availability, variety, and potential health benefits, such as antimicrobial and 
antioxidative properties. Additionally, numerous plants are rich sources of 
flavonoids and organic acids, which have antioxidative and antibacterial 
properties (Cowan, 1999). 
 
Apple 
The cultivated apple (Malus domestica Borkh.), a member of the Rosaceae 
family, is one of the most extensively grown and genetically diverse fruit 
species (Park et al., 2006). Apples are a widely consumed fruit rich in 
phytochemicals, such as quercetin, catechin, phlorizin (a glycoside 
derivative of phloretin), and chlorogenic acid, recognised for antioxidant 
properties (Boyer & Liu, 2004). Moreover, phloretin, a dihydrochalcone 
polyphenol found in apple tree bark, leaves, and fruit, exhibits significant 
antioxidant properties (Chang et al., 2012). Studies have established that 
phloretin effectively inhibits both Gram-positive and Gram-negative 
bacteria, with a stronger effect on Gram-positive strains such as 
Staphylococcus aureus and L. monocytogenes (MacDonald & Bishop, 1952; 
Barreca et al., 2014). Additionally, phloretin has demonstrated antifungal 
activity against various plant pathogens (Shim et al., 2010). 
Research indicates that phloretin exerts antibacterial activity through 
disruption of bacterial metabolism, impairment of cell membrane integrity, 
and modulation of ATP content and key enzyme activity (Barreca et al., 
2014; Zhao et al., 2022).  
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Blackcurrant 
Global blackcurrant consumption is increasing, especially in the United 
States, and rising awareness of their potential health benefits is expected to 
further drive demand (Cortez and Gonzalez de Mejia, 2019). Blackcurrant 
berries (Ribes nigrum L.) are highly valued for their nutritional profile. 
They are particularly rich in ascorbic acid (vitamin C), anthocyanins, 
phenolic acids, and various flavonoids that contribute to their strong 
antioxidant properties (Oczkowski, 2021). Additionally, their seeds contain 
polyunsaturated fatty acids, further enhancing their health benefits 
(Oczkowski, 2021). Anthocyanins exhibit antimicrobial activity against 
a broad spectrum of bacterial species (Burdulis et al., 2009), with both 
intracellular and membrane interactions (Cisowska et al., 2011). In vitro 
studies have demonstrated that Helicobacter pylori, Salmonella spp., and 
Bacillus cereus are susceptible to phenolic-induced disruption of their outer 
cell walls, while other microorganisms, such as Campylobacter jejuni and 
Candida albicans, exhibit notable sensitivity to degradation mediated by 
ellagitannins (Nohynek et al., 2006). 0ÁÕÎÏÖÉç et al. (2022) showed that 
blackcurrant berries had strong antibacterial activity against Escherichia 
coli, whereas the leaves demonstrated potential antifungal effect against 
C. albicans. 
 
Blue honeysuckle berries 
In recent years, consumer demand for natural antimicrobial agents in food 
has grown, thereby revealing a preference for plant extracts over synthetic 
food additives (Aziz & Karboune, 2018). Research has highlighted 
the antimicrobial properties of honeysuckle (Lonicera caerulea L.) berries, 
which contain phenolic acids capable of inhibiting a wide range of bacterial 
species (Palíková et al., 2008). The antibacterial effects of ethanol and 
buffered water infusions from freeze-dried fruits were examined on various 
bacterial groups, including Gram-positive bacteria (L. monocytogenes, 
Kocuria rhizophila, Bacillus subtilis), Gram-negative food-borne pathogens 
(E. coli, C. jejuni), and probiotic Gram-positive bacteria commonly used in 
dairy products (Bifidobacterium bifidum, Lactobacillus acidophilus). 
Consequently, the study found that certain blue honeysuckle infusions 
exhibit strong antimicrobial activity against food-borne pathogens, while 
ÄÉÓÐÌÁÙÉÎÇ ÍÉÎÉÍÁÌ ÉÎÈÉÂÉÔÏÒÙ ÅÆÆÅÃÔÓ ÏÎ ÐÒÏÂÉÏÔÉÃÓ ɉ0ÁĿÅÒÅÃËÁÉÔõ et 
al., 2021). 
 
Chokeberry berries 
Black chokeberry (Aronia melanocarpa Elliot) is well -known for its strong 
antioxidant properties. Numerous studies (Bushmeleva et al., 2022; Wieloch 
& Konopacka, 2025) have demonstrated its direct antioxidant capacity 
through in vitro and in vivo models, while attributing these effects to its rich 
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phenolic content. Berries are dietary sources of polyphenols such as 
anthocyanins, procyanidins, flavonols and cinnamic acid derivatives with 
reported health benefits (Zheng & Wang, 2003; Bermúdez-Soto et al., 2007; 
Rop et al., 2010). Moreover, the phenolic constituents of black chokeberry 
have been found to exhibit antimicrobial activity, mostly because of its high 
polyphenol content, which further contributes to its potential health-
promoting properties (Denev et al., 2019). Liepina et al. (2013) 
demonstrated that chokeberry extracts exhibit antibacterial activity against 
the Gram-positive bacteria Bacillus cereus and S. aureus, along with 
inhibitory effects on the growth of Gram-negative bacterium Pseudomonas 
aeruginosa. Moreover, another study demonstrated the antibacterial 
activity of ethanol extracts of black chokeberry against Gram-positive 
bacteria, which achieved complete growth inhibition of B. cereus and partial 
inhibition of S. aureus (Kim et al., 2018). 
 
Garlic 
Garlic (Allium sativum L.) is widely recognised for its strong antimicrobial 
properties, with the same being primarily attributed to its high 
concentration of organosulfur compounds including allicin, ajoene, diallyl 
sulphide, and diallyl trisulfide (Unal et al., 2001; Yin et al., 2002). 
These bioactive compounds have demonstrated effectiveness in inhibiting 
the growth of various pathogenic microorganisms, particularly foodborne 
bacteria associated with meat spoilage (Ou et al., 2025). Beyond its 
antimicrobial effects, garlic contains high levels of selenium and essential 
vitamins, including retinol (vitamin A), vitamin C, and tocopherol (vitamin 
E), which collectively augment its preservative capacity and nutritional 
benefits (Sies et al., 1992). Studies have shown that garlic powder can 
significantly reduce microbial contamination in meat, with research 
confirming its ability to lower bacterial counts in fresh pork (Park et al., 
2008). However, its antimicrobial efficacy appears to be influenced by 
the method of application, as extracted forms have shown greater potency 
than chopped garlic (Aydin et al., 2007). 
 
Onion 
Onion (Allium cepa L.) is one of the most important vegetables grown 
worldwide (Teshika et al., 2019). Studies have established its antimicrobial 
properties, which are largely attributed to its bioactive compounds such as 
quercetin and allicin (Ankri & Mirelman, 1999; Teshika et al., 2019). 
These compounds exhibit significant antibacterial activity, thereby making 
onion a viable natural preservative for meat products. Additionally, 
the presence of various phytochemicals, hydrocarbons, and phenolic 
compounds contributes to its antimicrobial efficacy (Harborne et al., 1993). 
Research has revealed that onion powder can successfully inhibit 
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the growth of bacteria, such as Enterobacteriaceae, in fresh pork (Park et al., 
2008). Moreover, onion is a valuable source of vitamins A, C, and E, beta-
carotene, along with essential minerals, which support its antimicrobial 
action while enhancing the nutritional and sensory attributes of meat 
products (Sies et al., 1992).  
 
Rhubarb 
Rhubarb (Rheum rhaponticum L.) has traditionally been used for its 
antibacterial and anti-inflammatory properties, with its phenolic 
compounds demonstrating pharmacological potential across multiple 
therapeutic applications (Xiang et al., 2020). Free anthraquinones have been 
reported to exhibit significant antimicrobial properties (Wang et al., 2010). 
Raudsepp et al. (2013) demonstrated that plant infusions made from 
Siberian rhubarb petioles exhibit strong antibacterial activity against 
foodborne pathogens like L. monocytogenes, E. coli, and C. jejuni, while 
minimally inhibiting beneficial probiotics, particularly B. bifidum. 
Consequently, when these plant infusions are combined with the tested 
probiotic bacteria, they have the potential to be used as antioxidants, 
antimicrobials, and functional ingredients in food processing. 
The methanolic extract of rhubarb has demonstrated superior antimicrobial 
efficacy against E. coli, L. monocytogenes, Klebsiella pneumoniae, and 
B. subtilis when compared to conventional antibiotic agents, thereby 
indicating its potential as an alternative antimicrobial compound (Keser 
et al., 2020). 
 
Rowanberries 
Rowanberries (Sorbus aucuparia) are rich in vitamins, essential minerals, 
and polyphenols, which underlie their medicinal properties (Sarv 
et al., 2020). They contain biphenyl phytoalexins with antifungal and 
antimicrobial effects, and have demonstrated potent antioxidant and 
antimicrobial activities, particularly against Gram-negative bacteria 
(Arvinte et al., 2023). Kylli et al. (2010) analysed the phenolic composition 
and bioactivities of wild and cultivated rowanberries, and highlighted their 
antimicrobial properties. Phenolic extracts from both wild and cultivated 
rowanberries exhibited bacteriostatic effects against S. aureus. Additionally, 
Zoltaja phenolics weakly inhibited Salmonella Typhimurium , while both 
cultivated sweet rowanberries, Zoltaja and Granatnaja extracts, slowed 
E. coli growth. 
 
Tomato 
Tomatoes (Solanum lycopersicum L.) are among the most popular vegetables 
globally, and valued for their appealing taste, diverse shapes, and vibrant 
ÃÏÌÏÕÒÓȢ 4ÈÅÙ ÁÒÅ ÒÉÃÈ ÉÎ ÂÉÏÁÃÔÉÖÅ ÃÏÍÐÏÕÎÄÓ ÓÕÃÈ ÁÓ ÌÙÃÏÐÅÎÅ ÁÎÄ ɻ-
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tomatine, and have been extensively studied for their health benefits, 
including antioxidant properties and antibacterial effects (Friedman, 2013). 
While their antioxidant effects are well known, their ability to inhibit 
harmful microbes has been less studied. Kwon et al. (2024) demonstrated 
that tomato juice possesses strong antimicrobial activity against Salmonella 
Typhi and also inhibits uropathogenic E. coli (Kwon et al., 2024). 
 
 
2.3.3. Antimicrobial effect of plant additives in meat and fish products  

Rising global meat consumption, with concerns over microbial spoilage and 
foodborne pathogens, has driven increasing demand for effective 
preservation strategies (Adegoke et al., 2000). Synthetic preservatives have 
long been used to extend shelf life, but potential health risks associated with 
them have influenced a shift toward natural alternatives (Chen & Xia, 2024). 
Both synthetic food additives and natural alternatives have their own 
strengths and limitations. Replacing synthetic food additives in meat 
products remains challenging due to their role in maintaining sensory 
characteristics and ensuring food safety (Sbardelotto et al., 2023). Plant-
based additives, including powders, extracts, and oils, have shown 
antimicrobial effects similar to synthetic preservatives (Cowan, 1999; 
Tongnuanchan & Benjakul, 2014). Also, essential oils are a promising 
natural alternative. However, their strong flavour and aroma can alter 
the taste of meat, particularly when used in higher concentrations (Pateiro 
et al., 2021). 
 
Sharma et al. (2017) showed that essential oils such as clove oil (0.25%), 
holy basil oil (0.125%), cassia oil (0.25%), and thyme oil (0.125%) 
significantly increased the shelf life of chicken meat under cold storage by 
inhibiting spoilage bacteria, including Salmonella spp. 
 
Further, Meremäe et al. (2024) concluded that rhubarb powder was 
the most effective plant material for inhibiting microbial growth in both 
minced pork and beef, followed by blackcurrant pomace powder, with 
both materials exhibiting potential to enhance the value of minced meat 
products. 
 
Onion and garlic have been widely studied for their antibacterial properties, 
largely due to their high sulphur and phenolic compound content 
(Benkeblia, 2005). Research indicates that adding onion and garlic extracts 
to meat can help reduce bacterial growth, boost antioxidant properties, and 
improve overall meat quality (Aydin et al., 2007; Park et al., 2008). 
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Roasto et al. (2023) demonstrated a good antimicrobial effect of selected 
plant pomaces in the composition of marinades of fish products. Water 
extracts from apples, blackcurrant, rhubarb, and tomato pomaces were 
incorporated into fish marinade solutions, and effectively maintained 
mesophilic aerobic microorganisms, Pseudomonas spp., yeasts, and moulds 
at acceptable levels during storage. Challenge tests showed that 
L. monocytogenes ÇÒÏ×ÔÈ ÐÏÔÅÎÔÉÁÌ ɉɿɊ ÒÅÍÁÉÎÅÄ ЅπȢυ log CFU/g in all 
marinated rainbow trout samples, thereby indicating no pathogen growth. 
Sensory evaluations confirmed that these extracts maintained acceptable 
sensory properties, thus supporting their application in marinated fish 
products to improve safety and extend shelf life (Roasto et al., 2023). 
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3. AIMS OF THE STUDY 

The main aim of this thesis was to determine L. monocytogenes in RTE food 
and assess the antimicrobial effect of plant additives in meat products. 
 
The specific aims of the work were to: 
 

1. Determine the prevalence and counts of L. monocytogenes in various 
RTE food product categories in Estonia from 2012 to 2016 (I); 

2. !ÓÓÅÓÓ ÔÈÅ ÁÎÔÉÍÉÃÒÏÂÉÁÌ ÅÆÆÅÃÔÓ ÏÆ ÓÅÌÅÃÔÅÄ ÐÌÁÎÔ ÐÏ×ÄÅÒÓ ÏÎ ÔÈÅ ɿ 
and growth dynamics of L. monocytogenes in enriched cooked 
minced pork samples (II ; III ); 

3. Analyse the effects of plant powders such as fruit, berry, and 
vegetable processing residues on microbial growth dynamics in raw 
and cooked minced pork samples within a determined time period 
(II ; III ). 
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4. MATERIALS AND METHODS 

4.1. Materials  

This thesis includes the study of RTE products for the prevalence and counts 
of L. monocytogenes in various RTE food categories (I). Additionally, minced 
meat enriched with selected plant additives was used to study 
the antimicrobial effect of plant additives (II ; III ). 
 
 

4.1.1. Sampling and sample preparation  

In total, 30,016 RTE food samples, including most of the main food 
categories such as meat, fish, milk, culinary products, pastry, fruit and 
vegetable-based foods, mixed salads, meals, food intended for infants, 
and other RTE products, were collected and tested during the period from 
2012 to 2016 for the detection of L. monocytogenes (I). 
 
Additionally, 14,342 RTE food samples were collected and analysed during 
the same time period to determine the numbers of L. monocytogenes. 
Thus, the total number of analysed samples was 44,358 (I). 
 
Samples were collected within the framework of official controls outlined by 
ÔÈÅ 6ÅÔÅÒÉÎÁÒÙ ÁÎÄ &ÏÏÄ "ÏÁÒÄ ÁÎÄ ÁÌÓÏ ÂÙ ÔÈÅ ÆÏÏÄ ÉÎÄÕÓÔÒÙȭÓ ÓÅÌÆ-control 
systems. Sample collection involved random selection, with the weight of 
each sample being at least 100 g. Samples were taken in accordance with the 
self-control plans of the FBOs, and official samples in accordance 
with  the ÓÔÁÔÅȭÓ ÓÕÒÖÅÉÌÌÁÎÃÅ ÐÌÁÎ ÆÏÒ L. monocytogenes. Samples were 
collected at the food processing level, stored under refrigeration at 
temperatures not exceeding 5 ± 1 °C, and promptly transported to the 
laboratory. All the collected samples were analysed at The National Centre 
for Laboratory Research and Risk Assessment (LABRIS, former Estonian 
Veterinary and Food Laboratory), where they were stored under 
appropriate temperature conditions in accordance with the product 
labelling instructions. The detection method was applied upon arrival, while 
ÅÎÕÍÅÒÁÔÉÏÎ ×ÁÓ ÃÏÎÄÕÃÔÅÄ ÏÎ ÔÈÅ ÆÉÎÁÌ ÄÁÙ ÏÆ ÔÈÅ ÆÏÏÄȭÓ ÓÈÅÌÆ ÌÉÆÅȢ 
The sample portion for analysis was 10 g and 25 g for enumeration and 
detection, respectively. 
 
Minced pork was obtained from a local supermarket and was sourced from 
a single batch in modified atmosphere packaging (AS HKScan, Estonia). 



26 

Fat content (27.9 ± 1.10%) and fatty acid profile, including linoleic acid 
(2.9 ± 0.18 g/100  g), were determined at LABRIS (II ). 
 
The plant materials used in the study (II ) were freeze-dried using a VirTis 
AdVantage 2.0 EL freeze-dryer (SP Industries Inc, USA). Briefly, rhubarb 
roots and tomato were dried thermally at 50 °C in a dryer Binder FED 115 
(Binder GmbH, Germany). The dried materials were ground into powder 
using a blender (Stollar (SIA B.T.U. COMPANY, Latvia) /Sage Kinetix 
(Breville Pty Ltd, UK) and sieved using a laboratory sieve shaker AS300 
Control (Retsch GmbH, Germany) with a 2 mm mesh size. Further, minced 
meat samples treated with plant powders and other substances were 
prepared in two batches. Minced meat and plant powders were thoroughly 
mixed with a hand mixer Clatronic HM 2935 (Clatronic International GmbH, 
Germany) for three minutes at speed level one using kneading hooks. 
 
An experiment was conducted using minced meat as a base to compare 
different additives. The samples were prepared as follows: (1) control 
sample with plain minced meat; (2) minced meat with 1% sodium chloride 
(NaCl); (3) minced meat with 1% NaCl and 150 milligrams per kilogram 
sodium nitrite  (NaNO2); (4) minced meat with 1% rhubarb root and 
1% blackcurrant berries; (5) minced meat with 1% rhubarb root and 1% 
blackcurrant leaves; (6) minced meat with 1% rhubarb root and 
1% chokeberry berries; (7) minced meat with 1% blackcurrant leaves 
and 1% blue honeysuckle berries; (8) minced meat with 1% rhubarb 
petioles and 1% tomato; (9) minced meat with 2% blue honeysuckle berries; 
(10) minced meat with 2% rhubarb petioles; (11) minced meat with 2% 
tomato; (12) minced meat with 80 milligrams per kilogram rutin; and (13) 
minced meat with 80 milligrams per kilogram gallic acid (GA). 
 
Thereafter, 13 treated samples were shaped as meatloaves (900 g each), 
wrapped in baking paper and aluminium foil, and cooked at 225 °C for 
20 min. Internal temperature was monitored using a digital meat 
thermometer with a stainless-steel probe. The samples were cooled down 
to room temperature, crushed with a fork, and thoroughly mixed with 
the hand mixer. Subsequently, all samples were packed into sterile screw-
cap jars, stored at 4 ± 1 °C and analysed at days 0, two, four, six, and eight 
(raw samples only up to the 6th day). Chemical and microbiological analyses 
were performed simultaneously in duplicate. 
 
To ensure maximal freshness and a low-fat content (13%), pork meat used 
in the first test series (III ) was obtained directly from the meat industry and 
ground by the research group. 
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Commercial minced pork was used (fat content of 27%) for the second test 
series (III ). Fresh ground pork packed in a modified atmosphere was 
purchased from a retail outlet and immediately transported to 
the laboratory at refrigerated temperatures. The meat samples were stored 
at temperatures not exceeding 5 °C. 
 
Most of the plant materials used were by-products of fruit, berry, or 
vegetable processing, e.g., press cakes from juice production. The plant 
materials were dried using two different methods: convection and freeze-
drying. Materials were added to the minced meat as a powder (III ). 
 
Two test series (III ) were performed at different time periods with the same 
fruit, berry, and vegetable additives. Plant powder materials were prepared 
by the Polli Horticultural Research Centre and the Food Hygiene laboratory 
of Estonian University of Life Sciences from pomace derived from juice 
pressing of apples (Malus domestica Borkh.), blackcurrants (Ribes 
nigrum L.), rowanberry (Sorbus sp.), and black chokeberry (Aronia 
melanocarpa (Michx.) Elliott), as well as petioles of rhubarb (Rheum sp.), 
fruit flesh of tomato (Solanum lycopersicum L.), onion (Allium cepa L.), and 
garlic (Allium sativum L.). A VirTis AdVantage 2.0 EL freeze-dryer 
and an Alpfrigo CFD 1400 SS condensation fruit dryer (Alpfrigo d.o.o., 
Slovenia) were implemented. The dried material was ground to obtain a fine 
powder using a Retsch GM 300 grinding mill and a Retsch MM 400 mixer 
mill (Retsch GmbH). 
 
A hand mixer, Clatronic HM 2935, was used for three minutes at speed level 
one to thoroughly mix minced meat with the plant powders. An experiment 
was conducted using minced meat with 13% and 27% fat content and the 
samples were prepared as follows: (1) control sample with plain minced 
meat; (2) minced meat with 3% apple; (3) minced meat with 3% apple and 
2% blackcurrant berries; (4) minced meat with 3% apple and 2% 
rowanberries; (5) minced meat with 3% apple and 2% tomato; (6) minced 
meat with 3% apple, 1% onion, and 2% blackcurrant berries; 
(7) minced meat with 3% apple, 1% garlic, and 2% tomato; (8) minced meat 
with 3% apple and 2% chokeberries; (9) minced meat with 3% apple, 2% 
chokeberries, and 2% rowanberries; (10) minced meat with 3% apple, 
2% tomato, and 1% rhubarb petioles; (11) minced meat with 2% garlic; (12) 
minced meat with 2% onion; and (13) minced meat with 2% rhubarb 
petioles, with the last three samples used only in the challenge test series. 
Samples were formed into meatballs (20 ± 1 g each), and half of them were 
cooked at 145 °C for 17 min until they reached an internal temperature of 
75 °C, which was measured using a digital meat thermometer with a 
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stainless-steel probe. Subsequently, the samples were cooled to room 
temperature and had a final weight of 15 ± 1 g. 
 
 
 

4.2. Methods  

4.2.1. Detection and enumeration of microorganisms  

Detection and enumeration analyses of L. monocytogenes were carried out 
at LABRIS laboratories in Tallinn, Tartu, Kuressaare, and Rakvere (I). 
 
Detection, followed by the confirmation tests, was carried out in accordance 
with the standard EVS-EN ISO 11290-ρȡςπππȾ!ρȡςππτȟ Ȭ-ÉÃÒÏÂÉÏÌÏÇÙ ÏÆ 
food and animal feeding stuffs ɀ Horizontal method for the detection and 
enumeration of Listeria monocytogenes ɀ 0ÁÒÔ ρȡ $ÅÔÅÃÔÉÏÎ ÍÅÔÈÏÄȢȭ 
This included primary and secondary enrichments for examination of 
L. monocytogenes (I). Initially, all samples were incubated in half Fraser 
broth (Oxoid Ltd, England; Biolife Italiana S.r.l.; Mascia Brunelli S.p.A., Italy) 
at 30 °C for 24 h. Following incubation, 0.1 ml of the solution was added to 
10 ml of full-strength Fraser broth and incubated at 37 °C for 48 h. 
Thereafter, both the half- and full-strength Fraser broths were plated on 
agar Listeria according to Ottaviani and Agosti (ALOA) for enumeration of 
L. monocytogenes (Lab M Ltd, UK; Biolife Italiana S.r.l.) and polymyxin 
acriflavine lithium chloride ceftazidime aesculin mannitol (PALCAM) 
Listeria selective agar (Oxoid Ltd; Biolife Italiana S.r.l.). Selective agar plates 
were incubated at 37 °C for 24 to 48 h. The blue-green colonies surrounded 
by an opaque halo were considered presumptive L. monocytogenes. 
Colonies presumed to be Listeria spp., characterised by blue-green colony 
colouration with or without a halo (n = 5), were isolated from both PALCAM 
and ALOA agar plates and streaked onto tryptone soy yeast extract agar 
(TSYEA) from single components (Oxoid Ltd; Biolife Italiana S.r.l.). 
Subsequently, the plates were incubated at 37 °C for 24 h. Single colonies on 
TSYEA were used for confirmation tests, which included catalase reaction, 
Gram staining, and microscopy for genus-level identification, along with the 
haemolysis reaction, Christie-Atkins-Munch-Petersen (CAMP) test, and 
carbohydrate utilisation tests to confirm L. monocytogenes. Isolates that 
were catalase-positive, Gram-positive, and exhibited typical tumbling 
motility were further inoculated onto 5% sheep blood agar plates (Oxoid 
Ltd; Biolife Italiana S.r.l.) to assess haemolytic activity, with 
L. monocytogenes ÅØÐÅÃÔÅÄ ÔÏ ÓÈÏ× ɼ-haemolysis. For confirmation, 
LȤrhamnose and D-xylose utilisation tests were conducted, with 
L. monocytogenes being L-rhamnose positive and D-xylose negative. 
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The CAMP test also showed a positive reaction to S. aureus and 
a negative reaction to Rhodococcus equi, thereby confirming the presence of 
L. monocytogenes. 
 
Enumeration (I) of L. monocytogenes was performed in accordance with 
the standard method outlined in EVS-EN ISO 11290-2:2000/A1:2004, 
Ȭ-ÉÃÒÏÂÉÏÌÏÇÙ ÏÆ ÆÏÏÄ ÁÎÄ ÁÎÉÍÁÌ ÆÅÅÄÉÎÇ ÓÔÕÆÆÓ ɀ Horizontal method for 
the detection and enumeration of Listeria monocytogenes ɀ Part 2: 
%ÎÕÍÅÒÁÔÉÏÎ ÍÅÔÈÏÄȭȢ "ÕÆÆÅÒÅÄ ÐÅÐÔÏÎÅ ×ÁÔÅÒ ɉ/ØÏÉÄ ,ÔÄȠ "ÉÏÌÉÆÅ )ÔÁÌÉÁÎÁ 
S.r.l.) was used for the preparation of initial suspensions and serial dilutions 
(10-1 to 10-3). The procedure included a one-hour recovery step in buffered 
peptone water at room temperature, followed by surface plating of 1.0 ml 
from the 10-1 dilution and 0.1 ml from the 10-2 and 10-3 dilutions onto two 
ALOA agar plates (plate diameter 140 mm). The plates were incubated 
at 37 °C for 24 to 48 h. Typical colonies, characterised by blue-green 
colouration with or without a halo (n = 5), were selected and subcultured 
onto 5% sheep blood agar (Oxoid Ltd; Biolife Italiana S.r.l.). Confirmation of 
L. monocytogenes was carried out as previously described. 
 
In the following studies (II ; III ), for the determination of microbial counts, 
standards EVS-EN ISO 4833-ςȡςπρσȟ Ȭ-ÉÃÒÏÂÉÏÌÏÇÙ ÏÆ ÔÈÅ ÆÏÏÄ ÃÈÁÉÎ ɀ 
Horizontal method for the enumeration of microorganisms. Part 2: Colony 
ÃÏÕÎÔ ÁÔ σπ Ј# ÂÙ ÔÈÅ ÓÕÒÆÁÃÅ ÐÌÁÔÉÎÇ ÔÅÃÈÎÉÑÕÅȭȠ %63-ISO 21527-1:2009, 
Ȭ-ÉÃÒÏÂÉÏÌÏÇÙ ÏÆ ÆÏÏÄ ÁÎÄ ÁÎÉÍÁÌ ÆÅÅÄÉÎÇ ÓÔÕÆÆÓȢ (ÏÒÉÚÏÎÔÁÌ ÍÅÔÈÏÄ ÆÏÒ 
the enumeration of yeasts and moulds. Part 1: Colony count technique in 
ÐÒÏÄÕÃÔÓ ×ÉÔÈ ×ÁÔÅÒ ÁÃÔÉÖÉÔÙ ÇÒÅÁÔÅÒ ÔÈÁÎ πȢωυȭȠ %63-EN ISO 11290-2:2017, 
Ȭ-ÉÃrobiology of the food chain ɀ Horizontal method for the detection and 
enumeration of L. monocytogenes and of Listeria spp. Part 2: Enumeration 
ÍÅÔÈÏÄȭȠ %63-%. )3/ ρσχςπȡςπρπȟ Ȭ-ÅÁÔ ÁÎÄ ÍÅÁÔ ÐÒÏÄÕÃÔÓ ɀ Enumeration 
of presumptive Pseudomonas ÓÐÐȢȭɉIII ) were followed. 
 
Ten grams of sample was weighed into a Stomacher bag (Seward Ltd, UK) 
and diluted with 90 ml sterile buffered peptone water (Lab M Ltd) to obtain 
the initial 10-fold dilution. Samples were blended for one minute at 230 rpm 
using a Stomacher 400 Circulator (Seward Ltd). Plate count agar (PCA) was 
used for the enumeration of microorganisms (Lab M Ltd), and dichloran rose 
bengal chloramphenicol (DRBC) agar (Lab M Ltd) for the enumeration of 
yeast and moulds, ALOA agar for enumeration of L. monocytogenes (Bioli fe 
Italiana S.r.l.), and cephaloridine fucidin cetrimide (CFC) Pseudomonas agar 
base (Biolife Italiana S.r.l.) for enumeration of Pseudomonas spp. (III ). 
 
The surface plating technique was used for all enumerations. For small 
plates (90 mm), 100 µl, and for large (120 mm), 1000 µl of the initial dilution 
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of the sample and further decimal dilutions were transferred onto 
the surface of the agar and spread evenly using a spatula. PCA plates were 
incubated under aerobic conditions at 30 °C for 72 ± 3 h; DRBC agar plates 
at 25 °C for five days; CFC plates at 25 °C for 44 ± 4 h; and ALOA plates 
at 37 °C for 24ɀ48 h. Following incubation, colonies were counted and 
results were represented as log CFU/g. 
 
 

4.2.2. pH and water activity determination  

The pH values of the samples were established in homogenates composed 
of 1 g of sample and 9 ml of distilled water. Results were read with a Consort 
C833 digital pH-meter (Consort bvba, Belgium) at room temperature (II ). 
 
In the following study (III ), to measure the pH values of the samples, 
homogenates were prepared by mixing 10 g of the sample with 100 ml of 
distilled water. The pH readings were taken at room temperature using 
a digital HandyLab680 pH meter (SI Analytics GmbH, Germany). Values of 
aw were measured at 25 °C using an Aqualab Decagon 3TE aw meter 
(Decagon Devices Inc, USA), following the manufacturer's instructions. 
All the analyses were performed in duplicate. 
 
 

4.2.3. Challenge test 

#ÈÁÌÌÅÎÇÅ ÔÅÓÔÉÎÇ ÔÏ ÁÓÓÅÓÓ ÔÈÅ ɿ ÏÆ L. monocytogenes in cooked minced pork 
samples was performed at LABRIS in accordance with the EURL for 
L. monocytogenes technical guidance, document version 3, for conducting 
shelf life studies on L. monocytogenes in RTE foods (Beaufort et al., 2014) 
(II ). The second study (III ) was conducted at the Estonian University of Life 
Sciences, in the Chair of Veterinary Biomedicine and Food Hygiene, Food 
Hygiene and Safety Unit, following the updated technical guidance 
document, version 4 (EURL Lm, 2021). 
 
Three batches of cooked meat samples containing plant additives were 
artificially contaminated with a microbial suspension of L. monocytogenes 
strains using a syringe. A microbial suspension of two strains of 
L. monocytogenes (12MOB045LM ɀ serotype 1/2c and 12MOB089LM ɀ 
serotype 4b) chosen from a set of 25 EURL L. monocytogenes strains was 
used. The chosen strains were classified according to their growth rates 
related to temperature, pH, aw, genoserotypes, and origins. Both strains with 
known growth characteristics originated from meat. The suspension was 
prepared following the instructions of the challenge test guidance 
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document. Two of the bacterial strains were grown in tryptone soy broth 
(TSB, Biolife Italiana S.r.l.) at 37 ± 1 °C for 16 h to obtain subculture 1 in 
the early stationary phase (at about 9.20 log CFU/ml). Subculture 1 was 
transferred into another tube of TSB and incubated at 10 °C for three days 
to obtain subculture 2. Subsequently, subculture 2 of both strains was mixed 
in equal proportion. This was followed by successive dilutions of 
the mixed culture in physiological saline water to obtain an inoculum 
of the desired concentration (100 CFU/g). 
 
The inoculum volume introduced into the food matrix did not exceed 1% of 
the total mass of the sample. The mixture with an appropriate concentration 
of L. monocytogenes was injected into three different points of the sample, 
with 100 ʈÌ ÏÆ ÔÈÅ ÓÕÓÐÅÎÓÉÏÎ ÁÔ ÅÁÃÈ ÐÏÉÎÔ ÔÏ ÁÃÈÉÅÖÅ Á ÃÏÎÃÅÎÔÒÁÔÉÏÎ ÏÆ 
100 CFU/g in the product. Following inoculation, the samples were packed 
separately into sterile screw-cap jars and kept in an incubator (Panasonic 
Corp, Japan) at 7 ± 1 °C until the time of analysis. 
 
On each analysis day, total microbial count, pH, aw, and Pseudomonas spp. 
×ÅÒÅ ÍÅÁÓÕÒÅÄ ÉÎ ÄÕÐÌÉÃÁÔÅȢ 4ÈÅ ɿ of L. monocytogenes was determined 
based on the pathogen enumeration. 
 
In accordance with the challenge test guidance document, a portion of 
the samples was inoculated with a suspension of L. monocytogenes, and 
the rest (for pH and aw measurements) were inoculated with physiological 
saline to equalise the amount of liquid added to all samples. Samples were 
individually packed in sterile screw-cup jars and stored at 7 ± 1 °C in 
a ÃÏÏÌÉÎÇ ÉÎÃÕÂÁÔÏÒ ɉ"ÉÎÄÅÒ 'ÍÂ(Ɋ ÐÒÉÏÒ ÔÏ ÁÎÁÌÙÓÉÓȢ 4ÈÅ ɿ ÏÆ 
L. monocytogenes was calculated based on the numbers of L. monocytogenes. 
 
 

4.2.4. Statistical analyses  

All individual results (I; II ; III ) were documented using MS Excel 2010 
software (Microsoft Corp, USA). The prevalence and 95% confidence 
intervals (95% CI), based on probabilities derived from the binomial 
distribution for proportions, were calculated using the R Statistical Software 
version 3.5.3 (R Foundation for Statistical Computing, Austria). 
The statistical significance of differences in prevalence across different food 
categories was assessed using the Chi-squared test, with p-values < 0.05 
considered statistically significant. Additionally, the Chi-squared test was 
applied to compare proportions across different years, and p-values were 
adjusted for multiple comparisons using the Holm method. 
 



32 

To assess the differences between treatments in sensory data (II ), 
a generalised linear mixed model (GLMM) was applied, while considering 
treatment and panellist as fixed effects, and session as a random effect. 
The effects of additives and storage time on colour measurements, total 
microbial counts, yeast and mould counts, as well as total organic carbon 
and malondialdehyde levels, were analysed using GLMM, with treatment 
and time considered fixed effects, and random effects being based on 
triplicates (for  colour measurements) or batches and duplicates (for 
antimicrobial activity and fatty acid oxidation). After modelling, Dunnett's 
post-hoc test was used to compare treatments with the meat control. 
Additionally, the average values with standard errors for pH were calculated 
for each treatment. Spearman correlation analysis was used to assess 
relationships between the studied variables across all storage times and on 
the final storage day. Correlations were calculated between microbial 
quality indicators, including total microbial counts, such as yeast and mould 
counts and total plate counts, as well as pH values, in order to assess how 
these parameters were associated with each other under different 
treatments and during storage. The analysis was performed separately for 
raw and cooked meat samples, allowing evaluation of whether the strength 
and direction of correlations differed between sample treatments and 
storage times. All results were considered statistically significant at p-values 
Ѕ 0.05. Statistical analyses were performed using R version 3.5.3. 
 
The significant differences in counts between minced meat control and 
minced meat containing plant powders (day five, seven, nine, and 
12 combined) were analysed using the Kruskal-Wallis rank sum test 
followed by multiple pairwise comparisons between groups using the 
Wilcoxon rank sum test with Benjamini-Hochberg continuity correction 
(III ). Statistical analyses were performed using R version 4.1.2 (R 
Foundation for Statistical Computing), p-values < 0.05 were considered 
statistically significant. 
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5. RESULTS 

5.1. Prevalence and counts of L. monocytogenes in various ready -to-
eat foods (I)  

A total of 30,016 RTE food samples collected in Estonia from 2012 to 2016 
were analysed for L. monocytogenes, with an overall detection rate of 3.6% 
(95% CI: 3.4ɀ3.8). The highest prevalence was found in RTE fish products 
(11.6%), which was significantly higher (p < 0.0001) than in all other food 
categories (Table 1). Among fish products, lightly salted (28.6%) and cold-
smoked (26.5%) items exhibited the highest contamination, whereas hot-
smoked (3.0%) and heat-treated fish products (4.3%) showed significantly 
lower proportion of positive samples. L. monocytogenes was not detected in 
canned fish products. 
 
Among other RTE food categories, culinary products, salads, and fruit and 
vegetable-based products showed prevalence ranging from 2.1% to 3.9%. 
Pastry products, dairy, meat products, and meals from retail outlets 
exhibited lower contamination rates between 0.2% and 0.9%. 
No L. monocytogenes was detected in gravy sauces or in foods intended for 
infants or medical purposes (Table 1). 
 
Over the five years of the study period, the annual prevalence of 
L. monocytogenes in all RTE foods varied from 1.5% to 6.8% (Table 1), and 
peaked in 2013. Statistically significant differences in the prevalence of 
L. monocytogenes across all RTE food categories were observed between 
most years, except for comparisons between 2012 and 2015, 2012 and 
2016, and 2015 and 2016. 
 
For RTE milk products, L. monocytogenes was detected in 0.5% (33/6,287 
samples), with predominance in soft and semi-soft cheeses made from 
pasteurised milk (1.5%). Other dairy products, including pasteurised milk, 
hard cheeses, ice cream, and milk-fat-based products, tested negative. 
 
In fruit and vegetable-based products, L. monocytogenes was found in 3.9% 
of samples, with a notably high prevalence of 11.3% in 2013 (Table 1). 
 
Among RTE meat products, contamination was highest in smoked meats 
(2.5%) and cooked meats (1.4%), whereas smoked sausages and fried 
meat products exhibited substantially lower prevalence (0.1ɀ0.2%). 
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Table 1. Listeria monocytogenes in various ready-to-eat foods in Estonia, 2012ɀ2016 

Samples Positive %  95%  CI 

2012  2013  2014  2015  2016  Total  

Meat products 1.2 0.8 1.0 0.2 1.1 0.9 (n = 8,334) 0.7ɀ1.1 
Fish products 7.7 22.3 13.7 4.4 5.8 11.6 (n = 7,652) 10.9ɀ12.3 
Milk products 0.2 1.1 0.7 0.4 0.2 0.5 (n = 6,287) 0.4ɀ0.7 
Culinary products 1.6 1.5 1.4 0.0 5.2 2.1 (n = 1,368) 1.4ɀ3.0 
Gravy sauces 0.0 0.0 0.0 0.0 0.0 0.0 (n = 200) 0.0ɀ2.4 
Pastry products 0.0 0.0 0.0 0.9 0.0 0.2 (n = 461) 0.0ɀ1.4 
FVBP 0.6 11.3 0.0 4.8 0.0 3.9 (n = 565) 2.5ɀ5.9 
Mixed salads 0.0 0.0 0.0 9.3 0.0 2.2 (n = 312) 0.9ɀ4. 8 
Meals from retail 
outlets 

0.1 1.3 0.1 1.2 0.3 0.7 (n = 4,199) 0.5ɀ1.0 

FIIMP 0.0 0.0 0.0 0.0 0.0 0.0 (n = 195) 0.0ɀ2.4 
Other RTE 
products 

0.0 7.1 0.0 0.0 0.0 1.4 (n = 443) 0.6ɀ3.1 

Total %  
 
95%  CI 

1.5 
(n = 5,587)  

1.2ɀ1.9 

6.8 
(n = 6,800)  

6.2ɀ7.4 

4.9 
(n = 6,519)  

4.4ɀ5.4 

1.9 
(n = 5,640)  

1.5ɀ2.3 

2.2 
(n = 5,470)  

1.8ɀ2.6 

3.6  
(n = 30,016)  

3.4ɀ3.8 

 

95% CI ɀ 95% confidence interval of total positive %; n ɀ total number of samples; FVBP ɀ fruit and vegetable-based products; FIIMP ɀ food 
intended for infants and for medical purposes; RTE ɀ ready-to-eat  
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5.1.1. Counts (I)  

The enumeration of L. monocytogenes in 14,342 RTE food samples collected 
between 2012 and 2016 confirmed that the pathogen was generally present 
at low levels across most food categories (Table 2). In 99.3% of the samples, 
L. monocytogenes counts were below 10 CFU/g, which indicated either 
absence or minimal contamination. Only a small proportion of samples 
(0.5%) exceeded the EU food safety criterion of 100 CFU/g, with 0.3% of 
samples containing between 10ɀ100 CFU/g and 0.2% exceeding 100ɀ
1,000 CFU/g. Seventeen samples (0.1%) had counts over 1,000 CFU/g, with 
the highest levels detected in RTE meat (24,000 CFU/g), fruit and vegetable-
based products (18,000 CFU/g), and fish products (12,000 CFU/g). 
 
Most culinary products, gravy sauces, pastries, and mixed salads had 
L. monocytogenes levels below the limit of quantification. RTE fish products 
exhibited the highest risk, with 0.5% of samples exceeding legal limits, 
particularly in cold-smoked and salted fish products. Despite isolated cases 
of high contamination, 98.9% of RTE fish products and 99.5% of RTE meat 
products were within acceptable safety standards. Milk and egg products 
showed occasionally high counts but remained largely compliant with food 
safety criteria. 
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Table 2. Numbers of Listeria monocytogenes in various ready-to-eat foods, 2012ɀ2016 

Samples Number  
of 

samples 

Count of CFU/g 
< 10*  І 10ɀ100 > 100ɀ1000  > 1000  

Meat products 2,104 2,094 6 3 1 
Fish products 5,545 5,484 33 21 7 
Milk products 425 419 2 2 2 
Culinary products 236 236 0 0 0 
Egg products 21 20 0 0 1 
Gravy sauces 130 130 0 0 0 
Pastry products 329 329 0 0  
FVBP 517 509 0 2 6 
Mixed salads 1,309 1,309 0 0 0 
Meals from retail 2,175 2,166 8 1 0 
FIIMP 50 50 0 0 0 
Other RTE products 1,501 1,501 0 0 0 
Total  
% 
95%  CI 

14,342  
- 
- 

14,247  
99.3 

99.2ɀ99.5 

49 
0.3 

0.2ɀ0.5 

29 
0.2 

0.1ɀ0.3 

17 
0.1 

0.07ɀ0.2 

* ɀ limit of quantification; CFU ɀ colony-forming unit; FVBP ɀ fruit and vegetable-based 
products; FIIMP ɀ food intended for infants and for medical purposes; RTE ɀ ready-to-eat; 
95% CI ɀ 95% confidence interval 

 
 
 
5.2. Antimicrobial effect of plant powders in raw and cooked minced 

pork (II)  

5.2.1. Mesophilic aerobic count (II)  

The initial number of aerobic mesophilic microorganisms in raw minced 
pork samples on day 0 ranged from 3.31 to 4.49 log CFU/g, and increased to 
3.92 to 7.41 log CFU/g by day six. According to microbiological criteria, 
the aerobic colony count limit was set at 5 × ρπϑ CFU/g for two out of five 
units and 5 × ρπϐ CFU/g for the remaining three units. 
 
Among the plant additives tested, the powder of rhubarb petioles showed 
the greatest inhibitory effect on microbial growth in raw minced pork, with 
the microorganism count increasing from 3.31 to 3.92 log CFU/g over six 
days. In contrast, despite their low pH, blue honeysuckle berries exhibited 
limited efficacy in inhibiting bacterial growth. A moderate positive 
correlation was observed between aerobic colony counts and pH (r = 0.53, 
p = 0.034 in raw samples; r = 0.66, p = 0.005 in cooked samples). 
 
Larger variations in microbial counts were observed in cooked samples. 
On day 0, counts ranged from 2.00 to 3.01 log CFU/g, but by day eight, 
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depending on treatment, values varied between 1.70 and 7.93 log CFU/g. 
Compared to the control, seven treatments, including tomato, rhubarb 
petioles, rhubarb petioles + tomato, and rhubarb root + blackcurrant 
berries, showed significantly (p < 0.05) greater efficacy in inhibiting 
microbial growth during storage. At the end of the storage period, the total 
microorganism counts in the most effective treatments remained within 
1.70 to 2.56 log CFU/g. 
 
Overall, the application of various plant powders generally resulted in 
reduced mesophilic microorganism counts compared to the control, thereby 
suggesting different inhibition mechanisms. Although the impact of 
polyphenols appeared modest, rhubarb petioles, despite having the lowest 
polyphenol content, exhibited the strongest microbial growth inhibition 
in both raw and cooked samples. 
 
 

5.2.2. Yeasts and moulds (II)  

The variations in yeast and mould counts in raw minced pork during 
refrigerated storage were evaluated. Initial counts ranged from 2.09 to 
3.68 log CFU/g. Although no official standards exist for yeast and mould 
counts in raw minced meat, a threshold of 4.0 log CFU/g at the end of shelf 
life was defined for the purposes of this study. By the final day of storage, 
this limit was exceeded in seven treatment groups. 
 
A slight decrease in yeast and mould counts was observed in samples 
treated with tomato (from 2.27 to 1.85 log CFU/g by day two), NaCl + .Á./Ϝ 
(from 2.09 to 1.85 log CFU/g by day four), and GA (from 2.20 to 
1.85 log CFU/g by day four). Additionally, these treatments demonstrated 
notable antimicrobial activity against aerobic mesophilic microorganisms. 
Treatments with GA, tomato, NaCl + .Á./Ϝȟ ÒÕÔÉÎȟ ÒÈÕÂÁÒÂ ÐÅÔÉÏÌÅÓȟ ÁÎÄ 
NaCl were the most effective in suppressing yeast and mould growth, with 
counts remaining below 4.0 log CFU/g throughout the storage period. 
 
Yeast and mould counts were generally below the detection limit 
(100 CFU/g) in cooked samples. Only samples treated with NaCl and 
NaCl + .Á./Ϝ ÅØÈÉÂÉÔÅÄ ÄÅÔÅÃÔÁÂÌÅ ÆÕÎÇÁÌ ÇÒÏ×ÔÈȟ ×ÈÉÃÈ ÒÁÎÇÅÄ ÆÒÏÍ ρππ 
to 200 CFU/g during the eight-day storage period. 
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5.2.3. Challenge test (II)  

4ÈÅ ÃÈÁÌÌÅÎÇÅ ÔÅÓÔ ÒÅÓÕÌÔÓ ÄÅÍÏÎÓÔÒÁÔÅÄ ÔÈÁÔ ÔÈÅ ɿ ÏÆ L. monocytogenes was 
ÈÉÇÈ ɉɿ > 0.5 log CFU/g) in all cooked minced meat samples (Table 3). 
 
Among the treatments, the combination of rhubarb petioles and tomato 
powder exhibited the strongest inhibitory effect on L. monocytogenes 
growth relative to other formulations, although complete suppression was 
not achieved (Table 3). Throughout the storage period, total microbial 
counts generally remained low across all samples evaluated in the challenge 
test. 
 
Cooked minced pork enriched with selected plant powders was found 
to support the growth of L. monocytogenes. Calculation of the maximum 
growth rates confirmed that all cooked meat samples supplemented with 
plant powders supported L. monocytogenes growth to varying extents. 
 
The combination of rhubarb root and chokeberries exhibited relatively 
weak inhibitory effects. In cooked samples, rhubarb petioles + tomato, 
tomato alone, and rhubarb petioles exhibited comparable levels 
of antimicrobial  activity. Notably, rhubarb petiole powder alone (at 2% 
concentration) demonstrated the strongest inhibitory effect against 
microbial growth in both raw and cooked samples. 
 
!ÌÔÈÏÕÇÈ ÔÈÅ ÃÈÁÌÌÅÎÇÅ ÔÅÓÔ ÒÅÖÅÁÌÅÄ ÎÏ ÓÉÇÎÉÆÉÃÁÎÔ ÒÅÄÕÃÔÉÏÎ ÉÎ ÔÈÅ ɿ of 
L. monocytogenes, the incorporation of plant powders extended shelf life in 
six out of eight treatments by maintaining lower total microbial counts 
during storage. 
 
 
Table 3. Growth potential of L. monocytogenes calculated from the challenge test 

Sample Storage 
Day 

'ÒÏ×ÔÈ ÐÏÔÅÎÔÉÁÌ ɉɿɊ 
(log CFU/g)*  

Meat (control)** 0ɀ14 5.72 
NaCl + NaNO2 0ɀ14 5.97 
Rhubarb petioles + Tomato 0ɀ14 4.54 
Rhubarb root + Blackcurrant berries 0ɀ14 5.30 
Tomato 0ɀ14 5.67 

* ɀ ×ÈÅÎ ɿ > 0.5 log #&5ȾÇȟ ÔÈÅ ÆÏÏÄ ÉÓ ÃÌÁÓÓÉÆÉÅÄ ÁÓ ȬÒÅÁÄÙ-to-eat food able to support the 
growth of Listeria monocytogenesȭ; CFU ɀ colony-forming unit ; ** ɀ minced meat without 
additives 
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5.3. Microbial growth dynamics in minced meat enriched with plant 
powders (III)  

5.3.1. Microbial enumeration (III)  

The inhibitory effects of selected plant powder mixtures on microbial 
growth in raw and cooked minced pork were evaluated by enumerating 
mesophilic microorganisms, yeasts and moulds, and presumptive 
Pseudomonas ÓÐÐȢ !ÄÄÉÔÉÏÎÁÌÌÙȟ ÔÈÅ ɿ ÏÆ L. monocytogenes in selected 
enriched RTE minced pork samples was investigated using a challenge test. 
 
Microbial counts in plant powders  
Enumeration of the tested plant powders showed that total viable 
mesophilic microorganisms and yeasts and moulds ranged from 100 to 
4,500 CFU/g and 20 to 1,900 CFU/g, respectively. 
Meanwhile, Pseudomonas spp. was below the detection limit (<100 CFU/g) 
in fruit, berry, and vegetable powders. 
 
Total viable counts in raw meat samples 
The total microbial counts in raw minced pork samples containing 13% fat 
ranged from 4.30 to 4.75 log CFU/g on day 0 and increased to over 
8 log CFU/g by day 12. Further, samples supplemented with 
apple + onion + blackcurrant berries, apple + garlic + tomato, and 
apple + chokeberries + rowanberries showed lower microbial counts until 
day nine, with significant growth starting after day nine. Statistically 
significant reductions in microbial counts relative to the control (p < 0.05) 
were observed only for the apple + onion + blackcurrant berries treatment. 
In minced pork with higher fat content (27%), microbial growth inhibition 
was less pronounced than in 13% fat samples, with microbial counts 
increasing from 3.49ɀ4.82 log CFU/g to 7.40ɀ9.75 log CFU/g by day 12. 
The plant powder treatments did not show significant inhibition in this case. 
 
Pseudomonas spp. counts in raw meat samples 
Pseudomonas spp. counts in 13% fat minced pork ranged between 4.19ɀ
4.74 log CFU/g on day one, increasing to 4.88ɀ9.26 log CFU/g by day 12. 
However, the counts remained low (4ɀ6 log CFU/g) throughout storage in 
the apple + onion + blackcurrant berries and apple + tomato + rhubarb 
petioles treatments, with significant differences (p < 0.05) compared to 
the control. A similar inhibitory effect was observed for 
apple + garlic + tomato until day nine of storage. In the 27% fat samples, 
Pseudomonas spp. counts were highest in the control, while 
the apple + garlic + tomato treatment maintained a stable level of growth. 
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Statistically significant differences (p < 0.05) in Pseudomonas spp. counts 
were noted between control and plant powder-enriched samples. 
 
Yeast and mould count in raw meat samples 
Initial yeast and mould count in the 13% and 27% fat minced pork samples 
were 3.37ɀ3.91 log CFU/g and 2.04ɀ3.89 log CFU/g, respectively. By day 12, 
the count in the 13% fat samples increased to 4ɀ6 log CFU/g, with slight 
inhibition observed for apple + onion + blackcurrant berries and 
apple + garlic + tomato up to day nine. Additionally, higher yeast and mould 
counts were observed at the end of storage in the 27% fat samples. Notably, 
plant powder additives in high-fat minced pork samples resulted in more 
significant inhibition of yeast and mould growth, with statistically 
significant differences (p < 0.05) observed for apple + garlic + tomato and 
apple + tomato treatments. 
 
Microbial counts in cooked meat samples 
Cooked meat samples had a longer storage period, with microbiological 
analysis performed on days one, 12, and 21. Overall, microbial counts 
remained low throughout the storage period in all cooked samples. 
Pseudomonas spp. and yeast and mould counts were below the detection 
limit (10  CFU/g) for the entire storage duration. The initial mesophilic 
microorganism counts were also below 10 CFU/g, and increased to 10ɀ
400 CFU/g by the end of the study.  
 
 

5.3.2. pH and aW(III)  

Throughout the experimental period, control minced pork samples (either 
13% or 27% fat content) exhibited consistently higher pH values, ranging 
from 5.88 to 6.84, compared with samples supplemented with plant 
powders. The lowest pH values were observed in 
the apple + tomato + rhubarb petioles formulation (pH 5.1ɀ5.2), followed by 
apple + chokeberries + rowanberries and apple + garlic + tomato (pH 4.9ɀ
5.5), and subsequently apple + blackcurrant berries and 
apple + onion + blackcurrant berries (pH 5.1ɀ5.6). Across all treatments, aw 
ranged from 0.977 to 0.987, with control samples consistently displaying 
higher aw values than plant powder-enriched samples throughout 
the storage period. 
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5.3.3. Challenge test (III)  

The initial total viable counts in the cooked minced pork samples ranged 
from 10 to < 100 CFU/g and increased to 20ɀ250 CFU/g by the end of 
the storage period. Notably, the total bacterial counts remained particularly 
low in samples supplemented with garlic, onion, and rhubarb petioles, and 
ranged from 20 to 55 CFU/g. 
 
All cooked minced pork samples supported the growth of L. monocytogenes, 
ÁÓ ÔÈÅ ɿ ÅØÃÅÅÄÅÄ πȢυ log #&5ȾÇ ÏÖÅÒ ÔÈÅ ÄÅÆÉÎÅÄ ÓÈÅÌÆ ÌÉÆÅȢ 4ÈÅ ÈÉÇÈÅÓÔ ɿ ×ÁÓ 
observed in onion-ÃÏÎÔÁÉÎÉÎÇ ÓÁÍÐÌÅÓ ɉɿ = 7.92 log CFU/g), followed by 
ÇÁÒÌÉÃ ɉɿ = 7.85 log CFU/g), and the control sample without additives 
ɉɿ = 7.30 log CFU/g). These formulations were associated with higher 
pH values (6.30ɀ6.73) in contrast to other samples with pH < 6. 
 
Over the 12-ÄÁÙ ÓÔÏÒÁÇÅ ÐÅÒÉÏÄȟ ÔÈÅ ÌÏ×ÅÓÔ ɿ ÏÆ L. monocytogenes was 
observed in the RTE minced pork samples enriched with rhubarb 
ɉɿ = 2.74 log CFU/g). Additionally, the apple + onion + blackcurrant berries 
ɉɿ = 3.63 log CFU/g) and apple + tomato + rhubarb petioles 
ɉɿ = 3.74 log CFU/g) mixtures demonstrated greater inhibitory effects 
against L. monocytogenes compared to the other treatments evaluated. 
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6. DISCUSSION 

6.1. Prevalence and counts of L. monocytogenes in various ready -to-
eat foods (I)  

6.1.1. Prevalence of L. monocytogenes in various ready -to-eat foods (I)  

Analysis of 30,016 RTE food samples revealed L. monocytogenes in 3.6% of 
samples, with the highest prevalence (11.6%) in RTE fish products, 
particularly lightly salted and cold-smoked varieties, showing significantly 
higher prevalence and counts compared to an earlier Estonian study from 
2008ɀ2010 (Kramarenko et al., 2013). Other RTE food categories, such as 
culinary products, salads, fruit and vegetable-based products, pastry, dairy, 
and meat products, exhibited lower prevalence. This indicates that 
manufacturing practices, thermal treatments, and cold-chain management 
likely limit contamination in these matrices (EFSA BIOHAZ Panel 
et al., 2018). L. monocytogenes was undetected in gravy sauces or in foods 
intended for infants or medical use over the entire five-year surveillance 
period, thereby underscoring the efficacy of stringent regulatory standards 
and targeted microbiological controls for high-risk food 
categories (EC, 2005). A comparable survey with similar sample numbers by 
Gombas et al. (2003) reported an overall L. monocytogenes prevalence of 
1.8% in RTE foods, with notably fewer positive samples in RTE fish products 
than in the current Estonian study. However, the results of such studies are 
often not comparable due to differences in methodologies and study plans. 
A comprehensive review of 100 studies, each including at least 100 samples, 
estimated L. monocytogenes prevalence at 2.9% in deli meat, 2.4% in soft 
cheese, and 2.0% in packaged salads (Churchill et al., 2019). The substantial 
inter -study variability indicates that global prevalence estimates may be 
of limited applicability for risk assessment. However, characterising these 
risks and their variability is essential for education and targeted risk 
assessment strategies (Churchill et al., 2019). 
 
Within the five-year study period (I), the overall prevalence of 
L. monocytogenes in various RTE food products varied between 1.5% and 
6.8%. The highest total prevalence was observed in 2013, when 6.8% of 
samples studied were found to be positive for L. monocytogenes. Among 
the analysed RTE milk products, 0.5% tested positive for L. monocytogenes 
from a total of 6,287 samples. The highest prevalence (1.5%) 
of L. monocytogenes among RTE milk products was detected in soft and 
semi-soft cheeses made from pasteurised milk. This result is similar to 1.3% 
reported by EFSA and ECDC (2016) for the same types of cheese products in 
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2015. L. monocytogenes was not detected in pasteurised milk, curd cheese, 
hard or semi-hard cheeses, ice cream, and milk-fat-based products. 
Soft cheeses, characterised by high moisture, low acidity, low salt content, 
and a requirement for refrigeration, provide conditions conducive to the 
growth of L. monocytogenes even under appropriate cold storage. As RTE 
products are typically consumed without further heat treatment, these 
cheeses are frequently implicated in listeriosis cases and outbreaks 
(Campagnollo et al., 2018). Moreover, despite pasteurisation, 
L. monocytogenes contamination may still occur due to inadequate thermal 
control, equipment malfunctions during processing, or post-pasteurisation 
cross-contamination (Lundén et al., 2004).  
 
Fruits and vegetables 
A total of 565 fruit and vegetable products were analysed and revealed 
an overall proportion of L. monocytogenes positive samples of 3.9% (I). 
The tested items comprised washed, peeled, chopped, or grated fruits 
and/or vegetables, packaged in a vacuum. The highest L. monocytogenes 
contamination in these products was found in 2013, with 11.3% of samples 
testing positive, representing a significantly higher contamination 
proportion compared to other years. The risk of L. monocytogenes 
contamination in fresh produce has been recognised for decades (Zhu et 
al., 2017). Harvey and Gilmour (1993) proposed that contamination 
primarily occurs during processing, potentially explaining the presence of 
L. monocytogenes in fresh fruits and vegetables, with the same being 
observed in the Estonian study (I). In a meta-analysis of 165 studies, 
Crépet et al. (2007) found that the prevalence of L. monocytogenes in salad 
vegetables was generally below 5%, which is consistent with the findings of 
the present study (I). Heaton and Jones (2007) reported contamination 
rates in vegetables of up to 85% in their review of microbial 
contamination in fruits and vegetables. Due to the persistent threat of 
L. monocytogenes in fresh produce, preventing outbreaks linked to fresh 
fruits and vegetables continues to present a major food safety challenge 
(Zhu et al., 2017). More recently, frozen vegetables were identified as the 
source of a multi-country outbreak of invasive L. monocytogenes infections 
(EFSA and ECDC, 2018). The Belgian study by Van Paepeghem et al. (2024) 
revealed that plant-based RTE foods, such as vegetarian/vegan deli slices 
and multi-ingredient salad bowls, are susceptible to L. monocytogenes 
contamination, with prevalence detected in 1/51 and 6/48 batches, 
respectively, though concentrations remained below 10 CFU/g. Challenge 
tests conducted by Van Paepeghem et al. ɉςπςτɊ ÆÏÕÎÄ ÓÉÇÎÉÆÉÃÁÎÔ ɿ ÉÎ ÓÉØ ÏÆ 
nine products, with fresh-cut iceberg lettuce exhibiting the highest at 
3.60 log CFU/g. These differences were driven by variations in product 
composition, physicochemical properties, and preservation methods. 
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Collectively, these findings highlight the need for tailored risk management, 
including stringent hygiene and storage control, to ensure 
the microbiological safety of plant-based RTE foods. 
 
Meat products 
A total of 8,334 samples of RTE meat products (I) were examined, with 
75 (0.9%) testing positive for L. monocytogenes. The prevalence of 
L. monocytogenes in RTE meat products was significantly lower (p < 0.0001) 
than in RTE fish products. This difference is likely attributable to the fact 
that most RTE meat products in Estonia undergo cooking or hot-smoking, 
whereas fish products are typically subjected to milder preservation 
methods such as light salting or cold smoking. In hot-smoked or cooked RTE 
meat products of Estonian origin, core temperatures reach at least +72 °C, 
which is sufficient to eliminate L. monocytogenes (Branciari et al., 2016). 
Further, L. monocytogenes contamination in RTE meat products varied by 
food category: smoked meat products showed 2.5% and cooked meat 
products 1.4%, while smoked sausages and fried meats had lower rates at 
0.1% and 0.2%, respectively (I). Modzelewska-Kapitula and Maj-Sobotka 
(2014) reported 26.1% prevalence in raw RTE sausages versus 1.8% in 
cooked sausages. Similarly, RTE meat products in Belgium exhibited a 
prevalence of 1.1% (Uyttendaele et al., 2009), which is comparable to 
the 0.9% prevalence found in the present study (I). EFSA and ECDC (2016) 
reported a 4.0% prevalence in the EU RTE meat products, while a Greek 
study described a seven-fold higher prevalence (Manios et al., 2014). 
Further, L. monocytogenes presents a significant risk in regions with non-
controlled storage temperatures for meat products. Meza-Bone et al. (2023) 
investigated its prevalence in 1,000 samples of five popular RTE meat 
products in Quevedo, Ecuador, across dry and rainy seasons. Of the samples, 
16.3% tested positive for L. monocytogenes, with varying product-
dependent prevalence: 22.5% in mortadella, 19% in hamburger meat, 15% 
in bacon, 14.5% in chorizo paisa, and 10.5% in salami. Most positive samples 
showed L. monocytogenes concentrations of 4ɀ6 log CFU/g or higher (Meza-
Bone et al., 2023). These findings highlight the need for enhanced hygiene 
practices and proper storage temperature control in such countries to 
reduce the risk of foodborne listeriosis. In Latvia, vacuum-packaged RTE 
meats exhibited high contamination rates: 57% for cold-smoked beef and 
20% for cold-ÓÍÏËÅÄ ÐÏÒË ɉ"ÅÒÚÉÎĤ et al., 2009). Contamination factors 
include injection brining, personnel handling, and prolonged cold smoking, 
×ÉÔÈ ÐÅÒÓÉÓÔÅÎÔ ÓÔÒÁÉÎÓ ÉÎ ÆÁÃÉÌÉÔÉÅÓ ɉ"ÅÒÚÉÎĤ et al., 2007; 2010). EFSA (2018) 
reported 270 listeriosis-related deaths in the EU in 2015, with 99% of cases 
attributed to food, predominantly involving RTE products like meat, fish, 
and dairy. A report noted that RTE meat products, together with fish and 
cheese, remain significant vehicles for listeriosis, with contamination 
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frequently arising during processing as a result of improper hygiene and 
biofilm formation. An Australian study (Ross et al., 2009) identified 
the decrease in initial contamination and in-pack pasteurisation as critical 
control measures. A Greek quantitative microbial risk assessment model 
(Tsaloumi et al., 2021) associated elevated listeriosis risk with low-nitrite 
RTE meats, including mortadella and smoked turkey. 
 
Fish products 
Over the five-year study period, RTE fish products exhibited a significantly 
higher L. monocytogenes contamination rate (11.6% positive samples, 
p < 0.0001) compared to other RTE food categories (I). The EFSA and ECDC 
(2016) reported an overall L. monocytogenes prevalence of 3.5% in RTE fish 
and fishery products in 2015, while the EU-wide prevalence in 2014 was 
10.6%, which aligns closely with the five-year average from the present 
study (I). Additionally, multiple research groups from various countries 
have consistently reported elevated L. monocytogenes contamination in RTE 
fish products. Research conducted in Northern Spain (Garrido et al., 2009) 
found a 25.0% contamination rate, while studies in Austria (Wagner et 
al., 2007), Bulgaria (Gyurova et al., 2015), and Iran (Fallah et al., 2013) 
reported rates of 19.0%, 12.0%, and 10.0%, respectively, in RTE fish 
products. A previous Estonian study by Kramarenko et al. (2016) reported 
a 16.8% prevalence of L. monocytogenes in Estonian-origin, vacuum-
packaged, long shelf life RTE fish products, primarily in non-heat-treated 
items like cold-smoked or lightly salted fish. Similarly, a Lithuanian study 
reported a 32.5% prevalence of L. monocytogenes in different RTE cold-
ÓÍÏËÅÄ ÓÁÌÍÏÎ ÐÒÏÄÕÃÔÓ ɉ3ÉÍÏÎÁÖÉéÉÅÎõ et al., 2021). These and other 
studies indicate that the minimal processing of cold-smoked fish makes it 
particularly susceptible to contamination, with slicing equipment and 
storage conditions identified as critical risk factors (Beaufort et al., 2007; 
Di Ciccio et al., 2012). In Estonia, lightly salted fish products (1.3ɀ
1.5% sodium chloride) and cold-smoked fish showed high L. monocytogenes 
contamination rates of 28.6% and 26.5%, respectively (I). Rising consumer 
demand for low-salt, nutritious, non-heat-treated fish products such as 
vacuum-packed salmon and trout, driven in part by high hypertension rates 
(Kloss et al., 2015), presents food safety challenges. Reduction of salt 
concentration in food products to comply with EU food reformulation 
guidelines may compromise product safety and shelf life. Unlike open-sea 
fish, which rarely harbour L. monocytogenes (Akkaya et al., 2011), 
freshwater fish used in these products are more susceptible to 
contamination. Consequently, high contamination in RTE fish products is 
a public health concern, especially for vulnerable groups (EFSA, 2018), and 
requires proper countermeasures. In Estonia, hot-smoked and heat-treated 
fish products showed lower L. monocytogenes contamination rates (3.0% 
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and 4.3%) compared to lightly salted and cold-smoked fish (28.6% and 
26.5%), thereby highlighting the effectiveness of heat treatment in reducing 
contamination in RTE fish products (I). Further, caviar, dried fish, and fish 
culinary products had even lower prevalence (0.7%ɀ1.8%), with 
no L. monocytogenes being detected in canned fish (I). 
 
 

6.1.2. Enumeration of L. monocytogenes in various ready -to-eat 
foods (I)  

According to EC (2005), RTE foods capable of supporting L. monocytogenes 
growth must show the absence of the pathogen in 25 g samples before 
leaving FBOs control. A limit of 100 CFU/g applies throughout shelf life if 
FBOs demonstrate compliance to CAs. In Estonia, most RTE food producers 
ÐÒÉÍÁÒÉÌÙ ÆÏÌÌÏ× ÔÈÅ ȬÁÂÓÅÎÃÅ ÉÎ ςυ Çȭ criterion, while using 
L. monocytogenes detection methods for 30,016 samples analysed in this 
study (I). The enumeration was conducted on 14,342 samples at the end of 
shelf life.  
 
From 2012ɀ2016, enumeration of L. monocytogenes across RTE food 
categories showed that culinary products, gravy sauces, pastries, and mixed 
salads had levels below the limit of quantification, with 99.3% of samples 
containing <10 CFU/g, thereby indicating minimal or no contamination (I). 
The majority of samples had <10 CFU/g, with only 0.6% exceeding 10 CFU/g 
and 0.1% (17 samples) exceeding 1,000 CFU/g (Table 2). However, higher 
prevalence rates in certain RTE foods do not necessarily correlate with 
increased listeriosis risk, as most invasive cases are linked to heavily 
contaminated products (Pouillot et al., 2015). 
 
The enumeration of L. monocytogenes in RTE foods (I) revealed peak levels 
in meat products (24,000 CFU/g), fruit/vegetable products (18,000 CFU/g), 
and fish products (12,000 CFU/g). Six fruit/vegetable products exceeded 
1,000 CFU/g, which is attributed to nutrient-rich cut surfaces facilitating 
pathogen growth and invasion, thereby necessitating stringent washing and 
hygiene protocols (Takeuchi & Frank, 2000). The maximum contamination 
level in milk products was 7,700 CFU/g (I). Milk product processing relies 
on thermal treatments, such as pasteurisation or sterilisation, which are 
highly effective in inactivating pathogenic microorganisms. The detection of 
L. monocytogenes in milk despite thermal processing is most likely 
attributable to insufficient pasteurisation or post-pasteurisation 
contamination (Lee et al., 2019). In RTE meat products, 99.3% of samples 
contained L. monocytogenes levels below the quantification limit, while 
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0.1% exceeded the EU-established 100 CFU/g safety criterion, in addition to 
the highest peak of this study (I). 
 
The EU food safety criterion was exceeded by 0.5% of the RTE fish samples. 
This is higher compared to a similar Estonian study by Kramarenko et 
al. (2016). The highest numbers of L. monocytogenes were established for 
cold-smoked fish products. For seven samples, the numbers of 
L. monocytogenes were within the range of 1,100 to 12,000 CFU/g. 
The official criterion was exceeded for five products from the salted fish 
category. EFSA (2013) reported that 1.7% of fish samples in the EU had 
L. monocytogenes counts above 100 CFU/g when tested at the end of their 
shelf life. However, in the present study (I), the numbers of 
L. monocytogenes were below the limit of quantification for 98.9% of RTE 
fish products. 
 
Quantitative modelling indicates that over 90% of invasive listeriosis cases 
arise from consuming RTE foods with L. monocytogenes levels exceeding 
2,000 CFU/g (Pouillot et al., 2015; EFSA, 2018). Six RTE food samples (I) 
exceeded 2,000 CFU/g, and 46 samples (0.3%) exceeded the limit of 
100 CFU/g (EC, 2005). To ensure compliance with the numerical criterion, 
FBOs should conduct challenge testing of their products. RTE food-
producing FBOs are strongly encouraged to fully implement the EURL for 
L. monocytogenes technical guidance (EC, 2013; Beaufort et al., 2014) 
for shelf life studies to demonstrate conformity with EC (2005). 
Additionally, the use of predictive microbiology and durability studies is 
recommended to assess L. monocytogenes growth in long-shelf-life RTE 
foods (Beaufort et al., 2014). 
 
Preventing listeriosis requires a comprehensive, integrated strategy that 
spans the entire food supply chain from production to consumption, thereby 
emphasising the identification of high-risk foods and the implementation of 
effective risk-reduction measures (EFSA BIOHAZ Panel et al., 2024). 
The current study (I) identified lightly salted and cold-smoked fish products 
as particularly high-risk RTE foods in Estonia, especially for vulnerable 
populations, due to their elevated levels and frequency of L. monocytogenes 
contamination. The fact that these products often exceed legal safety 
thresholds highlights their significant threat to public health. Compared to 
data from a previous Estonian study (Kramarenko et al., 2013), the current 
findings show an increase in both the prevalence and concentration 
of L. monocytogenes in these fish products, thereby indicating an area of 
growing concern and underscoring the need for increased attention among 
food producers, regulatory authorities, and at-risk consumers. 
Although reformulating foods to reduce ingredients like nitrite salts is vital, 
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such changes must carefully consider food safety. Moreover, the recent 
ÉÍÐÌÅÍÅÎÔÁÔÉÏÎ ÏÆ ÍÏÌÅÃÕÌÁÒ ÔÙÐÉÎÇ ÉÎ %ÓÔÏÎÉÁȭÓ ÓÕÒÖÅÉÌÌÁÎÃÅ ÓÙÓÔÅÍÓ ÆÏÒ 
human listeriosis and L. monocytogenes in food represents a significant 
advancement, which enhances epidemiological tracking and improves 
the detection and investigation of foodborne outbreaks. Strengthening 
surveillance through the incorporation of molecular characterisation is 
crucial for improving outbreak response and reinforcing food safety 
controls (Mäesaar et al., 2021). 
 
Despite its strengths, this study also has a couple of limitations. No specific 
data is available regarding the size, type, technology and other background 
information of FBOs. Additionally, there is no genomic data available for 
L. monocytogenes isolates. Nevertheless, this study design successfully 
determined the prevalence and concentration of L. monocytogenes in 
different RTE food categories. 
 
 
 

6.2. Antimicrobial effect of plant powders in minced pork products 
(II)  

The microbiological quality and shelf life of raw food samples were assessed 
to quantify aerobic mesophilic microorganisms (II ). Microbial counts in 
most raw samples increased over a six-day storage period, from ~3 to ~4ɀ
7 log CFU/g, which is consistent with previous reports that microbial counts 
in meat products may reach 6ɀ8 log CFU/g (Björkroth, 2005). According to 
EC (2005), which establishes microbiological criteria for foodstuffs, the 
process hygiene criteria for raw minced meat specify a maximum aerobic 
colony count of 5 × ρπϑ CFU/g for two of five sample units and 5 × ρπϐ CFU/g 
for the remaining three. In this study, most raw samples exceeded these 
limits by the end of the storage period, with the exception of those treated 
with rhubarb petioles, NaCl + .Á./Ϝȟ ÁÎÄ ÒÕÔÉÎȟ ÔÈÅÒÅÂÙ ÉÎÄÉÃÁÔÉÎÇ ÂÅÔÔÅÒ 
microbial control in these samples (II ). 
 
Rhubarb petiole powder exhibited the greatest efficacy in suppressing 
aerobic mesophilic microorganism growth in raw minced pork, with 
microbial counts increasing only from 3.31 to 3.92 log CFU/g by day six. This 
inhibitory effect is likely attributable to a significant pH reduction, 
consequently creating conditions less favourable to microbial proliferation 
(Hmelak Gorenjak & #ÅÎÃÉéȟ ςπρσɊȢ !ÄÄÉÔÉÏÎÁÌÌÙȟ ÔÈÅ ÐÒÅÓÅÎÃÅ ÏÆ ÎÉÔÒÁÔÅÓ ÉÎ 
rhubarb petioles, which can convert to nitrites, may contribute to this effect 
(Colla et al., 2018). However, pH had a variable influence on microbial 
counts across treatments. Despite its low pH, blue honeysuckle berries were 
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among the least effective inhibitors of bacterial growth in raw minced pork. 
A moderate statistically significant positive correlation between aerobic 
colony counts and pH was observed both in raw and cooked minced pork 
samples (II ). 
 
Cooked samples exhibited greater variation in microbial counts than raw 
samples. Seven treatments, including tomato, rhubarb petioles, rhubarb 
petioles + tomato, and rhubarb root + blackcurrant berries, significantly 
(p < 0.05) suppressed microbial growth compared with the control in 
cooked samples, with counts remaining between 1.7 and 2.56 log CFU/g at 
the end of storage. Overall, multiple treatments exhibited significantly 
(p < 0.05) lower average microbial counts compared to the control 
throughout the storage period. Complex plant extracts often contain 
multiple bioactive compounds that act synergistically. Using natural 
antimicrobials in combination, either with each other or with other 
preservation methods, can improve their overall effectiveness (Negi, 2012). 
 
Plant materials were incorporated into minced meat as powders, which 
were found to be highly effective due to their ability to mix evenly and easily 
(II ). While methods such as using marinades with plant materials were also 
considered, Björkroth (2005) noted that marinating does not extend meat 
ÐÒÏÄÕÃÔ ÓÈÅÌÆ ÌÉÆÅȟ ÁÓ ÔÈÅ ÍÅÁÔȭÓ ÂÕÆÆÅÒÉÎÇ ÃÁÐÁÃÉÔÙ ÎÅÕÔÒÁÌÉÓÅÓ ÁÃÉÄÉÃ 
marinades, thereby causing dissociation of lipophilic acids. Hence, the study 
opted for direct mixing of plant powders with minced meat. 
 
The initial yeast and mould levels (2.09ɀ3.68 log CFU/g) likely reflect 
the natural microflora of unsterilised plant powders, which commonly carry 
fungal contaminants from harvesting and drying environments (Gurtler and 
Keller, 2019; Karam et al., 2021). The increase in counts during storage 
aligns with earlier work showing that fungal species can proliferate under 
chilled conditions in minced meat (Doulgeraki et al., 2012). 
However, treatments containing GA and tomato showed reduced counts by 
day six, which indicates notable antifungal activity that is likely linked to 
their phenolic compounds and organic acids (Nazzaro et al., 2013). 
Since plant powders contribute both beneficial bioactives and microbial 
load, a decontamination step such as irradiation is advisable as it effectively 
reduces fungal contamination without compromising product quality 
(Farkas, 1998). Although no official limit exists for raw minced meat, 
a 4.0 log CFU/g threshold was applied in this study, and treatments 
including GA, tomato, NÁ#Ì Ϲ .Á./Ϝȟ ÒÕÔÉÎȟ ÒÈÕÂÁÒÂ ÐÅÔÉÏÌÅÓȟ ÁÎÄ .Á#Ì 
successfully maintained counts below this level. 
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In cooked samples, yeast and mould counts generally remained below 
the detection limit of 100 CFU/g. The low yeast and mould counts are likely 
due to effective thermal processing (Dagnas & Membré, 2013; Mukhtar et 
al., 2024). 
 
Overall, plant powders reduced both mesophilic microorganism and yeast 
and mould counts in many samples compared to the control during 
the storage period, thereby indicating varied inhibition mechanisms. 
The study (II ) found that the impact of polyphenols was limited. 
Notably, rhubarb petioles, despite having the lowest polyphenol content, 
exhibited the strongest inhibition of microbial growth in both raw and 
cooked samples. The strong antimicrobial effect of rhubarb may be due to 
the high content of organic acids (Golubkina et al., 2022). 
 
The challenge test results revealed that L. monocytogenes exhibited 
ÓÉÇÎÉÆÉÃÁÎÔ ɿ ÉÎ ÁÌÌ ÃÏÏËÅÄ ÍÅÁÔ ÓÁÍÐÌÅÓȢ )Ô ÉÓ ÅÖÉÄÅÎÔ ÔÈÁÔ ÐÌÁÎÔ ÐÏ×ÄÅÒÓ 
alone are insufficient to suppress L. monocytogenes growth in meat products 
formulated without synthetic preservatives (Gokoglu, 2019). The observed 
ɿ ÖÁÌÕÅÓ ɉII ) underscore the need to prevent post-heat treatment 
contamination in meat products. To ensure the microbiological safety of RTE 
meat products susceptible to L. monocytogenes growth, the pathogen must 
be absent in a 25 Ç ÓÁÍÐÌÅ ÂÅÆÏÒÅ ÔÈÅ ÐÒÏÄÕÃÔ ÌÅÁÖÅÓ ÔÈÅ ÐÒÏÄÕÃÅÒȭÓ ÃÏÎÔÒÏÌȢ 
Additionally, implementation of a relatively short shelf life, alongside 
the legal requirement of non-detection in 25 g, is necessary to prevent 
L. monocytogenes from exceeding the regulatory limit of 100 CFU/g in 
accidentally contaminated products. 
 
In the challenge test (II ), rhubarb petioles + tomato showed the strongest 
inhibitory effect of L. monocytogenes compared to other treatments. 
!ÃÃÏÒÄÉÎÇ ÔÏ %# ɉςππυɊȟ Á ȬÚÅÒÏ ÔÏÌÅÒÁÎÃÅȭ ÐÏÌÉÃÙ ÆÏÒ L. monocytogenes 
(absence in 25 g) is necessary for such RTE meat products to ensure food 
safety. 
 
Generally, rhubarb petioles exhibited the highest inhibitory effect on 
microbial growth in both raw and cooked samples. Tomato was particularly 
effective against yeasts and moulds, and displayed antifungal properties. 
Recent studies suggest that the antifungal properties of plant extracts are 
primarily attributed to phenolic and flavonoid compounds (Simonetti et al., 
2020; Zhou et al., 2023). 
 
Despite limited impact on L. monocytogenes, six of eight plant powder 
treatments extended shelf life by maintaining low total microbial counts. 
Notably, the rhubarb petioles + tomato combination enhanced the visual 
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appeal and flavour of meat products, even with reduced salt, thereby 
suggesting its potential for developing high-quality, low-salt concentration 
meat products. Moreover, Meremäe et al. (2024) found that plant powders 
like rhubarb and blackcurrant pomace effectively inhibited microbial 
growth and boosted antioxidant capacity in minced pork and beef, thus 
serving as natural preservatives. These powders maintain similar 
polyphenolic profiles and microbial dynamics, with rhubarb showing 
the highest antimicrobial effect. This supports their use in the composition 
of meat products to assure sufficient shelf life and meet consumer demand 
for healthier alternatives. 
 
 
 

6.3. Microbial growth dynamics in minced meat enriched with plant 
powders (III)  

Most of the plant materials used in this study (III ) were selected based on 
the results of the previous study by Raudsepp et al. (2018) and the study 
(II ). Raudsepp et al. (2018) conducted in vitro tests using ethanol infusions 
of various plants against key foodborne pathogens, consequently identifying 
rhubarb roots as the most effective in inhibiting bacterial growth, while 
berries exhibited the highest antioxidative activity. In study (II ), 
the strongest antimicrobial effect was found for rhubarb petioles, tomato, 
and their blends. 
 
Study (III ) used the most effective plant materials identified in the previous 
study (II ) to assess their ability to inhibit microbial growth in minced meat 
samples enriched with plant powders and their combinations. Unlike 
the earlier study (II ), several plant powders used here (e.g., apple, 
blackcurrant, rowanberry, and black chokeberry pomace) were obtained 
from juicing byȤproducts, thereby supporting their valorisation and waste 
minimisation. 
 
The greatest inhibition of microbial growth was observed in raw minced 
pork samples treated with apple + onion + blackcurrant berries, 
apple + garlic + tomato, and apple + tomato + rhubarb mixtures (III ). 
No significant differences were observed between samples with varying fat 
contents (13% and 27%); however, microbial counts were generally higher 
in samples with higher fat content. These results align with Hurtado et 
al. (2014), who reported significantly elevated microbial counts in pork 
samples with high fat content (20ɀ30%) under low-temperature conditions. 
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Study (III ) demonstrated that incorporation of plant powder blends into 
raw minced pork was more effective at suppressing the growth of 
microorganisms than the use of single plant powders or the additive-free 
ȬÃÏÎÔÒÏÌȭ. Similarly, study (II ) showed that rhubarb petioles in raw meat, and 
tomato, rhubarb petioles, or their blend in cooked meat, caused microbial 
growth inhibition comparable to NaCl + .Á./ϜȢ 3ÐÅÃÉÆÉÃÁÌÌÙȟ 
the apple + blackcurrant berries combination required 1% onion 
supplementation to be effective, while the apple + tomato combination was 
effective only with the addition of 1% rhubarb petioles or 1% garlic. Onion 
and garlic, widely used in meat product formulations, can further enhance 
these effects. Numerous studies have demonstrated that plant materials 
such as garlic and onion, which are rich in allicin, other sulphur compounds, 
and phenolic substances, exhibit strong antimicrobial properties against a 
range of pathogens (Singh et al., 2001; Unal et al., 2001; Yin et al., 2002; 
Liaqat et al., 2019). In vitro research by Ortiz (2015) showed that onion 
possesses significant antibacterial activity against S. aureus. However, its 
antimicrobial efficacy varies depending on onion type, extract 
concentration, and target bacteria (Kabrah et al., 2016). 
 
This study (III ) found that plant powders processed under strict hygienic 
conditions exhibit low initial microbial counts, thereby making them 
suitable for enriching meat or other food products without requiring 
irradiation. Microbiological testing of plant materials is important before 
their use in foods, as high microbiological quality cannot always be assumed. 
The results showed that rhubarb petioles and specific berry and fruit 
powder blends effectively inhibited microbial growth in meat samples. 
This iÓ ÃÏÎÓÉÓÔÅÎÔ ×ÉÔÈ ÆÉÎÄÉÎÇÓ ÂÙ "ÁÂÁÏøÌÕ et al. (2022), who reported 
lower bacterial counts in beef patties with berry pomace extracts compared 
to controls, with black chokeberry pomace being the most effective 
preservative under refrigerated conditions. 
 
A previous study by Xi et al. (2011) highlighted the need to reformulate RTE 
food recipes to improve microbial safety by inhibiting L. monocytogenes 
growth. According to the EURL for L. monocytogenes technical guidance, 
a ɿ below 0.5 log CFU/g indicates whether an RTE food supports 
L. monocytogenes growth (EURL Lm, 2021). In the present study (III ), all 
cooked minced pork samples supported L. monocytogenes growth, with the 
ÈÉÇÈÅÓÔ ɿ ÏÂÓÅÒÖÅÄ ÉÎ ÏÎÉÏÎ-ÃÏÎÔÁÉÎÉÎÇ ÓÁÍÐÌÅÓ ɉɿ = 7.92 log CFU/g), 
followed by garlic and control samples, whereas 
the lowest ɿ ɉɿ = 2.74 log CFU/g) was recorded in samples with 2% rhubarb 
petioles. These findings are consistent with those of previous studies 
identifying rhubarb as a highly effective antimicrobial plant material 
(Kosikowska et al., 2010; Raudsepp et al., 2013). The second-
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lowest ɿ ɉɿ = 3.63 log CFU/g) was observed in samples with 
apple + onion + blackcurrant berries. This is supported by the antioxidant 
and antimicrobial properties of blackcurrant berries, namely, being rich in 
phenolic acids, anthocyanins, and flavonoids (Raudsepp et al., 2013; 
0ÁÕÎÏÖÉç et al., 2017). 
 
This study (III ) demonstrated that plant powders alone were insufficient to 
adequately suppress L. monocytogenes and meet the 0.5 log CFU/g 
ɿ criterion outlined by the EURL for L. monocytogenes (EURL Lm, 2021). 
However, plant powder blends exhibited partial inhibitory effects on 
L. monocytogenes growth compared to the control. Previous studies 
similarly confirm the antimicrobial potential of plant materials, particularly 
berries. For instance, Wu et al. (2008) reported that cranberry concentrate 
disrupted L. monocytogenes cell walls and membranes, and led to cell lysis. 
Zhang et al. (2020) demonstrated that plant extracts rich in flavonoids 
inhibit Gram-positive bacteria by compromising cell wall and membrane 
integrity, inhibiting intracellular enzyme activity, altering gene expression, 
and inducing apoptosis. Similarly, Ravichandran et al. (2011) highlighted the 
antibacterial activity of naturally occurring phenolic compounds against 
L. monocytogenes and other pathogens. Despite exceeding 
the L. monocytogenes ɿ ÃÒÉÔÅÒÉÏÎȟ ÁÅÒÏÂÉÃ ÐÌÁÔÅ ÃÏÕÎÔÓ ÒÅÍÁÉÎÅÄ ÌÏ× ÄÕÒÉÎÇ 
the storage period, thereby suggesting that meat products enriched with 
plant powders can maintain good microbiological quality within shelf life. 
 
The limitations of the studies (II ; III ) were that the mechanisms of action 
regarding to antimicrobial effect of the plant materials were based solely on 
findings from previous research. 
 
Further, this study (III ) indicates that by-products from the primary 
processing of horticultural crops, such as fruits, berries, and vegetables, can 
be effectively utilised to enhance meat products. This study proved that 
additional intrinsic, extrinsic, or implicit factors are needed to totally inhibit 
L. monocytogenes growth, because plant materials alone did not exhibit 
listericidal effect. Therefore, using by-products from horticultural 
processing increases the nutritional value of meat products, while 
supporting circular bioeconomy and zero-waste principles. 
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7. CONCLUSIONS 

Study (I) detected L. monocytogenes in 3.6% of 30,016 RTE food samples, 
with the highest prevalence (11.6%) observed in RTE fish products, 
particularly in lightly salted and cold-smoked fish. Among RTE meat 
products, smoked and cooked meats displayed the highest proportions of 
positive samples, while other RTE food categories, including plant-based 
foods, showed lower prevalence. Enumeration data indicated that 99.3% of 
samples contained <10 CFU/g of L. monocytogenes. However, certain fish, 
meat, and fruit/vegetable products exceeded the EU safety criterion of 
100 CFU/g. Increased prevalence and concentrations in fish products 
emphasise the need for enhanced risk mitigation measures, particularly 
among fish producers (I). 
 
In challenge testing (II ), L. monocytogenes had significant growth in all 
samples, indicating that plant powders alone are insufficient to suppress its 
growth in meat products. Among the studied samples, the combination of 
rhubarb petioles and tomato was the most effective against 
L. monocytogenes growth. The results further demonstrated that microbial 
growth is more effectively suppressed when blends of different plant 
powders are used in minced meat products. Consistently, in the challenge 
testing study (IIIɊȟ ÔÈÅ ÌÏ×ÅÓÔ ɿ of L. monocytogenes was found for rhubarb 
petioles and blends of apple + onion + blackcurrant. Similar to study (II ), 
results showed that the best effect against microbial growth can be achieved 
with blends of plant materials in minced meat products. 
 
Study (II ) examined the antimicrobial effects of plant powders on microbial 
growth dynamics in raw and cooked minced pork, identifying rhubarb 
petiole powder to be the most effective treatment. In cooked samples, 
treatments with rhubarb petioles, tomato, and their combination exhibited 
the best antimicrobial effect. In study (III ) powders of pomaces were mostly 
used. In raw minced meat samples, blends of apple + onion + blackcurrant 
berries, apple + garlic + tomato, and apple + tomato + rhubarb showed 
the strongest growth inhibition of total counts of microorganisms. Study 
(III ) demonstrated that juice-processing residues can be effectively 
valorised in meat products, which aligns with the circular bioeconomy. 
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SUMMARY IN ESTONIAN 

Listeria monocytogenes valmistoidus ning taimsete lisandite 
antimikroobne toime lihatoodetes  

 
Sissejuhatus 

 
Listeria monocytogenes (edaspidi nimetatud ka listeeriabakter) on üks 
ohtlikumaid toiduga levivaid patogeene, mis põhjustab listerioosi ɀ haigust, 
mida iseloomustab kõrge haigestumus ja suremus. Kõige enam on ohustatud 
riskirühmadesse kuuluvad inimesed, nagu eakad, rasedad, vastsündinud ja 
nõrgenenud immuunsüsteemiga inimesed. Patogeeni eripäraks on võime 
kasvada ja paljuneda külmkapitemperatuuridel (Allerberger, 2003; Osek ja 
Wieczorek, 2023). L. monocytogenes kujutab suuremat haigestumisriski 
eelkõige kuumtöötlemata valmistoitude, näiteks külmsuitsukala ja -liha, 
õrnsoolakala ja pehmete juustude söömisel. L. monocytogenesȭÅÇÁ 
saastunud valmistoit on tõsine rahvatervise risk, mistõttu peavad 
valmistoidu tootjad pöörama suurt tähelepanu toiduohutusmeetmetele. 
 
Viimastel aastatel on märgatavalt suurenenud tarbijate huvi loodusliku ja 
vähetöödeldud toidu vastu. Üheks põhjuseks on mure sünteetiliste 
säilitusainete pikaajalise tervisemõju pärast. Taimsed toiduained, näiteks 
puu- ja köögiviljad, marjad ja maitsetaimed, sisaldavad antimikroobsete 
omadustega ühendeid. Need bioaktiivsed ühendid pakuvad alternatiivi 
sünteetilistele säilitusainetele (Adunola jt, 2015; Huang jt, 2020). In vitro 
laboriuuringud on näidanud, et paljudel bioaktiivsetel ühenditel on 
antimikroobsed omadused, kuid nende ühendite toime keerukates 
toidumaatriksites vajab täiendavat uurimist (Meremäe et al., 2025). Tegurid 
nagu pH ning rasva- ja valgusisaldus võivad ühendite toimet oluliselt 
mõjutada (Othman jt, 2011; Wang jt, 2023).  
 
Käesolev uuring on esimene põhjalik ülevaade L. monocytogenesȭÅ 
levimusest ja arvukusest erinevates valmistoitudes Eestis. Lisaks annab 
uurim istöö uut teavet valitud taimsete lisandite antimikroobsete omaduste 
kohta nii tooretes kui ka kuumtöödeldud hakklihatoodetes ning 
L. monocytogenesȭÅ ËÁÓÖÕÐÏÔÅÎÔÓÉÁÁÌÉ ËÏÈÔÁ ÔÁÉÍÓÅÔÅ ÌÉÓÁÎÄÉÔÅÇÁ ÒÉËÁÓÔÁÔÕÄ 
proovides. 
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Väitekirja eesmärgid  
 

Väitekirja eesmärk oli uurida L. monocytogenesȭÅ ÅÓÉÎÅÍÉÓÔ ÖÁÌÍÉÓÔÏÉÔÕÄÅÓ 
ning hinnata taimsete lisandite potentsiaali looduslike antimikroobsete 
ainetena lihatoodetes.  
 
Väitekirja alaeesmärgid:  

1. määrata L. monocytogenesȭÅ ÌÅÖÉÍÕÓ ÊÁ ÁÒÖ ÖÁÌÍÉÓÔÏÉÔÕÄÅ 
kategooriate kaupa Eestis aastatel 2012ɀ2016 (I); 

2. hinnata valitud taimsete lisandite antimikroobset toimet 
L. monocytogenesȭÅ ËÁÓÖÕÐÏÔÅÎÔÓÉÁÁÌÉÌÅ ɉə , growth potential) ja 
kasvudünaamikale taimseid lisandeid sisaldavates kuumtöödeldud 
seahakkliha proovides (II , III ); 

3. analüüsida puu-, marja- ja köögiviljatöötlemise jääkidest saadud 
pulbrite mõju mikroobide arvule nii tooretes kui ka kuumtöödeldud 
lihatoodetes kindlaksmääratud säilitamisperioodi jooksul (II , III ). 

 
Eesmärgi saavutamiseks analüüsiti esmalt L. monocytogenesȭÅ ÌÅÖÉÍÕÓÔ ÊÁ 
saastatuse taset erinevates valmistoitudes Eestis ajavahemikul 2012ɀ2016 
ning anti ülevaade patogeeni esinemisest. Hilisemates uuringutes 
keskenduti taimsete lisandite antimikroobsete omaduste uurimisele: 
hinnati nende mõju L. monocytogenesȭÅ ËÁÓÖÕÐÏÔÅÎÔÓÉÁÁÌÉÌÅ ÊÁ -dünaamikale 
taimseid lisandeid sisaldavates kuumtöödeldud hakklihaproovides. Samuti 
analüüsiti puu-, marja- ja köögiviljatöötlemise jääkidest saadud pulbrite 
mõju mikroobide arvule nii tooretes kui ka kuumtöödeldud lihatoodetes 
säilimisaja jooksul. Kokkuvõttes näitavad need uuringud, missugune 
toiduohutusrisk on L. monocytogenes valmistoitudes ning toovad esile 
taimsete lisandite potentsiaali lihatoodete mikrobioloogilise kvaliteedi 
tagamisel sünteetiliste säilitusainete alternatiivina. Mikrobioloogilise 
ohutuse tagamiseks on edasiste uuringutega vaja leida taimsete lisandite ja 
sünteetiliste lisaainete kombinatsioonid, mis suudaksid vältida 
L. monocytogenesȭÅ ÐÁÌÊÕÎÅÍÉÓÔ ÌÉÈÁÔÏÏÄÅÔÅÓȢ 
 
 
 

L. monocytogenesȭÅ ÌÅÖÉÍÕÓ ÊÁ ÁÒÖ ÖÁÌÍÉÓÔÏÉÔÕÄÅÓ ɉ)ȟ ))ȟ )))Ɋ 
 
L. monocytogenesȭÅ ÔÕÖÁÓÔÁÍÉÓÅËÓ ÊÁ ÌÏÅÎÄÁÍÉÓÅËÓ ÖÁÌÍÉÓÔÏÉÔÕÄÅÓ ËÁÓÕÔÁÔÉ 
standarditel EVS-EN ISO 11290-1:2000/A1:2004 ja EVS-EN ISO 11290-
2:2000/A1:2004 põhinevaid meetodeid. 
 
Viieaastase ajavahemiku jooksul (2012ɀ2016) analüüsiti 44 358 
valmistoidu proovi (30 016 L. monocytogenesȭÅ ÔÕÖÁÓÔÁÍÉÓÅËÓ ÊÁ ρτ 342 
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patogeenide arvu määramiseks) erinevates toidukategooriates, nagu liha-, 
kala-, piima-, kulinaaria- ja pagaritooted, puu- ja köögiviljad, segasalatid, 
imikutoidud ning muud kategooriad. L. monocytogenesȭÅ ÓÕÈÔÅÓ ÐÏÓÉÔÉÉÖÓÅÉÄ 
proove oli kõige rohkem kalatoodete kategoorias (11,6%).  
 
Eriti kõrge (28,6%) oli patogeeni esinemine kergelt soolatud ja 
külmsuitsutatud kalas (26,5%), samas kui kuumsuitsutatud (3,0%) ja 
kuumtöödeldud kalatoodetes (4,3%) oli saastumine väiksem. 
Konserveeritud kalas patogeeni ei tuvastatud.  
Teistes kategooriates, nagu salatid, kulinaaria- ning puu- ja köögiviljatooted 
jäi L. monocytogenesȭÅ ÅÓÉÎÅÍÉÎÅ ÖÁÈÅÍÉËËÕ ςȟρɀ3,9%. Kõige väiksem oli 
saastumine pagari- ja piimatoodetes (0,2ɀ0,5%). Kastmetes ning imiku- ja 
meditsiinilistes eritoitudes listeeriabakterit ei leitud. Valmistoitude 
saastumine varieerus aastati vahemikus 1,5ɀ6,8%, olles kõrgeim 2013. 
aastal. 
 
Uuringu raames määrati L. monocytogenes'e arv 14 342 valmistoidus. 
Enamuse proovide puhul (99,3%) oli listeeriabakterite arv kas väga väike 
või alla määramispiiri ehk < 10 pesa moodustavat ühikut grammi kohta 
(PMÜ/g). Siiski ületas 0,5% proovidest EL-i toiduohutuskriteeriumi 
(100 PMÜ/g), neist 0,3% proovide puhul jäi L. monocytogenesȭÅ ÁÒÖ 
vahemikku 10ɀ100 PMÜ/g ja 0,2% proovides vahemikku 100ɀ1000 PMÜ/g. 
Väga kõrge L. monocytogeneśe arv (> 1 000 PMÜ/g) tuvastati 17 proovis 
(0,1%), kusjuures suurim listeeriabakterite arv määrati lihatoodetes 
(24 000 PMÜ/g), puu- ja köögiviljatoodetes (18 000 PMÜ/g) ning kalas 
(12 000 PMÜ/g). 
 
Enim saastunud valmistoidud olid külmsuitsutatud ja soolatud kalatooted ɀ 
selles kategoorias ületas 0,5% proovidest toiduohutuskriteeriumi (100 
PMÜ/g). Siiski vastasid 98,9% kalatoodetest ja 99,5% lihatoodetest 
ohutusnõuetele. Kulinaaria- ja pagaritooted, kastmed ja segasalatid olid 
enamasti patogeenivabad. Piima- ja munatoodete kategoorias oli 
listeeriabakterite arv kõrge vaid üksikutes proovides. 
 
 
 

Taimsete ühendite antimikroobne mõju hakklihatoodetes (II , III)  
 

II ja III  uuringus määrati toiduproovides mikroobide arv 
standardmeetoditega: EVS-EN ISO 4833-2:2013 (mesofiilsete 
mikroorganismide üldarv), EVS-ISO 21527-1:2009 (pärm- ja 
hallitusseened), EVS-EN ISO 11290-2:2017 (L. monocytogenes) ning EVS-EN 
ISO 13720:2010 (Pseudomonas spp., III ).  
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II  uuringus määrati 0. päeval tooretes hakklihaproovides mesofiilsete 
aeroobsete mikroorganismide algseks arvuks 3,31ɀ4,49 log PMÜ/g, mis 
suurenes 6. päevaks 3,92ɀ7,41 log PMÜ/g-ni. Kõige tõhusam mikroobide 
paljunemise pidurdaja oli rabarberivars ɀ taime pulbrit sisaldavates 
toodetes suurenes mikroobide arv vaid 0,62 log PMÜ/g võrra. Seevastu oli 
sinise kuslapuu pulber vaatamata madalale pH väärtusele vähem efektiivne. 
Küpsetatud lihaproovides jäid 0. päeval määratud mikroobide arvud 
vahemikku 2,00ɀ3,01 log PMÜ/g-ni ning ulatusid 8. päevaks 1,70ɀ
7,93 log PMÜ/g-ni. Seitse pulbrilist lisandit, sh tomat, rabarberivars, 
rabarberivars koos tomatiga ning rabarberijuur koos mustsõstramarjadega 
vähendasid oluliselt (p < 0,05) mikroobide kasvu võrreldes taimsete 
lisanditeta lihaproovidega. Kõige tõhusamad taimsed lisandid hoidsid 
mesofiilsete aeroobsete mikroobide arvu madalal katse lõpuni (1,70ɀ
2,56 log PMÜ/g).  
 
II uuringus oli tooretes hakklihaproovides pärm- ja hallitusseente algne 
kontsentratsioon 2,09ɀ3,68 log PMÜ/g. Katse lõpuks ületas seitse lisandit 
uuringus kehtestatud piirväärtuse 4,0 log PMÜ/g. Tomati, NaCl + .Á./Ϝ ÊÁ 
gallaathappega töödeldud proovides täheldati pärm- ja hallitusseente 
vähenemist. Tomati lisamisel langes pärm- ja hallitusseente arv 2. päevaks 
2,27-lt 1,85 log PMÜ/g-ni; NaCl + .Á./Ϝ ËÁÓÕÔÁÍÉÓÅÌ τȢ päevaks 2,09-lt 
1,85 log PMÜ/g-ni, ja gallaathappe puhul 4. päevaks 2,2-lt 1,85 log PMÜ/g-
ni. Tomati pulber, NaCl + .Á./Ϝȟ ÇÁÌÌÁÁÔÈÁÐÅȟ ÒÁÂÁÒÂÅÒÉÖÁÒÒÅÐÕÌÂÅÒȟ ÒÕÔÉÉÎ 
ja NaCl olid mikroobide paljunemise pärssimisel kõige tõhusamad, hoides 
mikroobide arvu kogu säilimisaja jooksul < 4,0 log PMÜ/g. Küpsetatud 
lihaproovides jäi pärm- ja hallitusseente arv enamasti alla määramispiiri 
(100 PMÜ/g), välja arvatud NaCl ja NaCl + .Á./Ϝ ÌÉÓÁÎÄÉÔÅÇÁ ÐÒÏÏÖÉÄÅ 
puhul, mille pärm- ja hallitusseente arv oli 100ɀ200 PMÜ/g. Hoolimata 
suhteliselt madalast polüfenoolide sisaldusest pärssis rabarberivarrepulber 
mikroobide paljunemist kõige tõhusamalt nii tooretes kui ka küpsetatud 
proovides.  
 
III  uuringu 13% rasvasisaldusega tooretes hakklihaproovides oli algne 
mikroobide arv 4,30ɀ4,75 log PMÜ/g, mis suurenes 12. päevaks üle 
8 log PMÜ/g. Proovid, kuhu oli lisatud pulbrisegud 
õun + sibul + mustsõstramarjad, õun + küüslauk + tomat või 
õun + aroonia + pihlakas, näitasid madalamaid mikroobide arve kuni 9. 
päevani, seejärel suurenes mikroobide arv märkimisväärselt. Pulbrilise 
lisandiga õun + sibul + mustsõstramarjad hakklihaproovi mikroobide arv 
erines lisanditeta proovist oluliselt (p < 0,05).  
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Kõrgema rasvasisaldusega (27%) lihaproovides suurenes 12. päevaks 
mikroobide arv 3,49ɀ4,82-lt 7,40ɀ9,75 log PMÜ/g-ni, kusjuures taimsed 
lisandid ei pärssinud mikroobide paljunemist märkimisväärselt. 
 
Madalama rasvasisaldusega (13%) hakklihas oli 1. päeval Pseudomonas spp. 
arv 4,19ɀ4,74 log PMÜ/g, mis suurenes 12. päevaks 4,88ɀ9,26 log PMÜ/g-
ni. Pulbriliste lisandite õun + sibul + mustsõstramarjad ja 
õun + tomat + rabarberivars puhul püsis mesofiilsete mikroobide arv kogu 
katse vältel madal (4ɀ6 log PMÜ/g), erinedes oluliselt (p < 0,05) 
kontrollproovist. Pulbrite segu õun + küüslauk + tomat pärssis 
Pseudomonas spp. bakterite paljunemist kuni 9. päevani.  
 
Suurema rasvasisaldusega proovides oli kõrgeim mesofiilsete mikroobide 
arv kontrollproovis. Pulbriline lisand õun + küüslauk + tomat hoidis 
hakklihas mikroobide arvu stabiilsena, erinedes oluliselt (p < 0,05) 
kontrollproovist.  
 
Algne pärm- ja hallitusseente arv oli 13% rasvasisaldusega proovides 3,37ɀ
3,91 log PMÜ/g ning 27% rasvasisaldusega proovides 2,04ɀ3,89 log PMÜ/g. 
Pärm- ja hallitusseente arv suurenes 13% rasvasisaldusega proovides 12. 
päevaks 4ɀ6 log PMÜ/g-ni, kusjuures pulbrilised lisandid 
õun + sibul + mustsõstramarjad ja õun + küüslauk + tomat pärssisid pärm- 
ja hallitusseente paljunemist kuni 9. päevani. Kõrgema rasvasisaldusega 
(27%) proovides oli 12. päevaks mesofiilsete aeroobsete mikroobide arv 
kõrgem kui 13% rasvasisaldusega proovides, kuid pulbrilised lisandid 
õun + küüslauk + tomat ja õun + tomat pidurdasid lihaproovides pärm- ja 
hallitusseente kasvu oluliselt (p < 0,05).  
 
Küpsetatud lihaproove analüüsiti 1., 12. ja 21. päeval ning selgus, et 
mikroobide arv püsis väike kogu katse vältel. Pseudomonas spp. ning pärm- 
ja hallitusseente arv jäi alla määramispiiri (10 PMÜ/g). Mesofiilsete 
mikroorganismide algne arv oli < 10 PMÜ/g, tõustes uuringu lõpuks 10ɀ
400 PMÜ/g-ni. 
 
 
 

L. monocytogeneś e kasvupotentsiaal ja -dünaamika taimsete 
lisanditega rikastatud hakklihatoodetes (II, III)  

 
II  ja III  uuringus viidi küpsetatud hakklihaproovides L. monocytogenesȭÅ ɿ 
hindamiseks läbi nakatamiskatsed. II  uuringus järgiti EL-i 
L. monocytogenesȭÅ referentlaboratooriumi tehnilisi juhiseid (3. versioon, 
juuni 2014) ning katsed korraldati Veterinaar- ja Toidulaboratooriumis 
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(nüüd Riigi Laboriuuringute ja Riskihindamise Keskus). III  uuringus järgiti 
sama juhendi 4. versiooni ning katsed tehti Eesti Maaülikooli veterinaarse 
biomeditsiini ja toiduhügieeni õppetooli laboratooriumis. 
 
II uuringu nakatamiskatse näitas, et L. monocytogenesȭÅ ɿ ÏÌÉ ËėÒÇÅ ËėÉÇÉÓ 
küpsetatud hakklihaproovides. Seega ei ole võimalik patogeeni paljunemist 
takistada ilma tavapäraste säilitusaineteta ning üksnes taimsete lisandite 
kasutamine ei ole piisav patogeeni paljunemise pärssimiseks. Sealjuures oli 
rabarberivarre- ja tomatipulbri kombinatsioon kõige tõhusam, kuigi 
mikroobide paljunemine täielikult ei pidurdunud. Kuigi mikroobide arv jäi 
taimse materjaliga rikastatud proovides väikseks, ei vähendanud taimsed 
lisandid oluliselt L. monocytogenesȭÅ ÐÁÌÊÕÎÅÍÉÓÔȢ 3ÉÉÓËÉ ÐÉËÅÎÄÁÓÉÄ ËÕÕÓ 
lisandit kaheksast lihatoote säilimist, hoides mikroobide arvu katse jooksul 
väiksena. 
 
III  uuringus toetasid kõik küpsetatud hakklihaproovid L. monocytogenesȭÅ 
paljunemist, mille kinnituseks oli ə  üle 0,5 log PMÜ/g. Patogeenid 
paljunesid kõige rohkem sibula pulbri (ə  = 7,92 log PMÜ/g), küüslaugu 
pulbri ( ə  = 7,85 log 0-­ȾÇɊ ÊÁ ËÏÎÔÒÏÌÌÐÒÏÏÖÉÓ ɉɿ = 7,30 log PMÜ/g). 
0ÁÔÏÇÅÅÎÉ ɿ oli madalaim rabarberivarrepulbriga proovides 
ɉɿ = 2,74 log PMÜ/g), järgnesid pulbrilised lisandid 
õun + sibul + ÍÕÓÔÓėÓÔÒÁÍÁÒÊÁÄ ɉɿ = 3,63 log PMÜ/g) ja 
õun + tomat + ÒÁÂÁÒÂÅÒÉÖÁÒÓ ɉɿ = 3,74 log PMÜ/g). 
 
 
 

Järeldused 
 

Eestis toodetud valmistoitude saastumine L. monocytogenesȭÅ ÂÁËÔÅÒÉÇÁ ÏÎ 
üldiselt vähene. Uuring (I) tuvastas, et L. ÍÏÎÏÃÙÔÏÇÅÎÅÓȭe levimus 
analüüsitud valmistoitudes (n = 30 016) oli 3,6%. L. monocytogenesȭÔ esines 
kõige sagedamini kalatoodetes (11,6%), eeskätt kergelt soolatud ja 
külmsuitsutatud kalas. Loendamismeetodi tulemused näitasid, et 99,3% 
proovidest sisaldas vähem kui 10 PMÜ/g L. monocytogenesȭÔȢ 3ÉÉÓËÉ İÌÅÔÁÓÉÄ 
mõned kala-, liha- ning puu- ja köögiviljatooted Euroopa Liidu 
ohutuskriteeriumi, mis on 100 PMÜ/g. Sellest tingituna tuleb senisest 
suuremat tähelepanu pöörata toiduohutusmeetemetele ja 
enesekontrollisüsteemi tõhususele, eelkõige kalakäitlemisettevõtetes (I). 
 
II  uuringu nakatamiskatsete kõikides proovides oli L. monocytogenesȭÅ ɿ 
kõrge, mis tähendab, et taimsed pulbrid üksi ei suuda patogeeni kasvu 
täielikult peatada. Siiski leiti, et mõned taimsed lisandid, nt 
rabarberivarrepulber, olid listeeriabakterite kasvu pidurdamisel 
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tõhusamad. Uuring näitas, et taimsete pulbrite segud on hakklihatoodete 
puhul mikroobide paljunemise ohjamisel tõhusamad kui üksikud lisandid 
(II , III ). 
 
Võrreldes kontrollprooviga vähendas rabarberivarrest tehtud pulber 
tõhusalt mesofiilsete aeroobsete mikroorganismide ning pärm- ja 
hallitusseente paljunemist tooretes ja küpsetatud hakklihaproovides (II, 
III ). Taimsete pulbrite segud, eriti õun + sibul + mustsõstramarjad ja 
õun + küüslauk + tomat pärssisid mikroobide paljunemist toores hakklihas, 
eriti 13% rasvasisaldusega lihaproovides (III ). Kõrgema rasvasisaldusega 
(27%) lihaproovides oli listeeriabakteri paljunemise pärssimine vähem 
tõhus ja üksnes taimse pulbri lisamine ei takistanud L. monocytogenesȭÅ 
paljunemist küpsetatud lihatoodetes (III ). III  uuring kinnitas II  uuringu 
tulemusi, seega toimivad teatud taimsed lisandid mikroobide paljunemise 
pidurdamisel tõhusalt. Järelikult saab lihatoodete väärindamisel edukalt 
kasutada ka mahlatööstuse pressjääke. Need järeldused on kooskõlas 
ringbiomajanduse põhimõtetega (II , III ). 
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