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1. INTRODUCTION

Listeria monocytogeness a foodborne pathogen responsible for listeriosis,
asevere 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 pesist in diverse food
matrices makes it a critical concern for readyto-eat (RTE) foods, which are
consumed without further processing @Allerberger, 2003; Osek &
Wieczorek, 2023). Contamination of RTEproducts, such as smoked fish or
heat-treated meat products, where contamination takes place after
the treatment, and soft cheesegoses 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 lorigrm health impacts
of synthetic food preservatives, which are not completely understood. Food
plants, including fruits, vegetalles, and herbs, are rich in bioactive
compounds with antimicrobial properties, thereby offering a promising
alternative to synthetic agents (Adunolaet al, 2015; Huanget al., 2020).
In vitro studies havedemonstrated the antimicrobial effectof natural plant-
based additives(Meremae 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 performancé&hman
et al, 2011; Wanget al,, 2023).

The aim of this thesis was to determine the prevalence and counts of
L.monocytogenesn 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 plantbased additives, including their effectiveness against
L. monocytogenes
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2. REVIEW OF LITERATURE

2.1. General description of Listeria monocytogenes

L. monocytogeness a Grampositive, facultative anaerobic bacterium that is
rod-shaped, appears in short chains, and 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 rangérom 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.monocytogenescan remain in
the environment for at least eight weeks, with is 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 ofL.monocytogeneqMatereke &
Okoh, 2020).

2.1.1. L. monocytogenes as a foodborne pathogen

L. monocytogeness 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 (Ilvanek 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
aprevalent foodborne pathogen Kurpaset 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 ofL. monocytogenedo overcome these stressors

AT A EOO bi OAT OEAT Oi AAOOA &Kharbtdad 00O

2008). L. monocytogenesadapts to low temperatures by producing cold
shock proteins in response to sudden cold stress, and cold acclimation
proteins during steady growth at low temperatures (Bayleset 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 Grgpositive bacteria
such asBacillus subtilisand L. monocytogene¢Beckeret al., 2000). A strong
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stress response is crucial for the pathogen to survive and persist in the food

processing environment (NicAogaing/ 8 " UOT Ah ¢mp Q8

The capability of L. monocytogenego form biofilms on different surfaces
within food production environments makes its eradication challenging and
enables longterm persistence. This increases the risk of potential food
contamination in the food production stage (Osel& Wieczorek,2023).

The ability to withstand multiple stress factors, including heat, cold, and
osmotic stress, presents a significant threat to food safety (Maesaat
al., 2021). Consequently, there is an increasing need for alternative
disinfection techniques in the food industry that minimise the use of acids
and alkalis. Apotential solution is the use of natural substances such as herb
extracts, essential oils, or bacteriocins, which are safe for consumers and
the environment (Wiktorczyk -Kapischkeet al., 2021).

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

L. monocytogenegauses the disease listeriosis, infecting both humans and
animals (ANSES, 2020)In humans, listeriosis presents in two primary
forms: non-invasive and invasive. The nofinvasive 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 (Osel& 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 1%20% (WHO, 2018).
Immunocompromised individuals, including neonates, pregnant women,
older adults, and patients with human immunodeficiencyvirus, exhibit
increased susceptibility toL. monocytogenemfections (Freitag € 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. Accding to the European Food Safety
Authority (EFSA) and European Centre for Disease Prevention and Control
(ECDC) report, contaminated RTE foods such as calchoked 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 averagé&his was followed

by a decline in 2019 and a sharp drop in @0 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. monocytogenesin 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. monocytogene$o multiply at low temperatures in RTE foods
packed in vacuum or gas environments (Stephaet al., 2015).

L. monocytogenesan 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
(EURLLm, 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 dgin (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 colonyforming units per gram (CFU/Q)
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 (EFS& ECDC, 2023).

14



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.monocytogeneswith limits expressed asCFU/g or millilitre
(CFU/mI) 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. monocytogenesnust be absent in a 2% 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 10@CFU/g throughout the prodd A 06 © OE A
Furthermore, in RTE foods that support the growth ofL. monocytogenes

the bacterium must not be detected in a 2% 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. monocytogenesin ready -to-eat food

The demand for RTE foods has increased in response to changing lifestyles
(Smigicet al., 2023). Quantitative modelling by EFSA showed that over 90%
of invasive listeriosis cases are attributable to RTE foods containing more
than 2,000CFU/g of L.monocytogenes Approximately onethird of these
cases are additionally associated with consumetelated factors (EFSA
BIOHAZ Panett al., 2018).

Despite the implementation of food safety criteria forL.monocytogenes
in RTE foods since 2006 under EC (2005), the incidence of human invasive
listeriosis in the EU/EEA has statistically significant increase between 2@)
and 2015 (EFSA& ECDC, 20&). EUwide baseline survey was carried out in
201072011 to evaluate the prevalence and counts of.monocytogenes
in RTE foods at retail. The study assessed packaged AHoozen smoked or
gravad fish, heattreated meat products, and soft or semsoft cheeses.
At the end of their shelf life, the estimated proportion of samples exceeding
100 CFUg was 1.7% for RTE fish, 0.43% for RTE meat, and 0.06% for RTE
cheese (EFSA BIOHAZ Paretlal., 2018).
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Kurpaset al. (2018) performed a comparative analysis of. 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 péaté) to substantially higheincidences in Slovakia, such
aso y8aob EIT )DPAcOEU OAOOACA8 ! OEIEIAO
countries like Japan reported low contamination levels (e.g., 0.8% in heat
treated meats), whereas Malaysia showed elevated rates, including 13.386
sausages (Kurpaset 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
paté. North America displayed a lower prevalence, with Canada reporting
4% in fermented sausages (Kurpat al., 2018).

2.2.3. Challenge studies of L. monocytogenesin ready -to-eat food

A challenge test is a laboratonbased 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. monocytogenesgrowth in foods and are subsequently categorised
asintrinsic (pH, aw, salt concentration, moisture content, natural microflora,
nutrient composition, preservatives, food structure) orextrinsic (packaging,
humidity, gas composition, and temperatureime profiles) parameters
(EURL Lm, 2021). The European Union Reference Laboratory (EURL)
for L. monocytogeneshas developed two guidance documents. The first
document,0' OEAAT AA Aibt&i®hohdcyogdndshelf-life studies
for ready-to-eat foods, under RegulationEC (2005) on microbiological
AOEOAOEA AlisCGnterdkd fér Goddd BELR@$s Goperators (FBOS)
to assess the risk ok.. monocytogenesontamination. The second document,
EGURLLm technical guidance document on challenge tests and durability
studies for assessing the shelife of ready-to-eat foods in relation toListeria
monocytogene$is addressed to laboratories carrying out the shellife
studies.

This quantitative criterion applies if the FBO can demonstrate, to
the satisfaction of the CA, that its product will not exceed the 100FU/g
limit throughout its shelf life. Where necessary, the FBO must conduct
studies to assess the potential growth of. monocytogenesn the product
during its shelf life under reasonably foreseeable storage conditions (Bergis
et al.,, 2023).

16



2.3. Antimicrobial effects of plant additives

Studies have shown that extracts from fruits and vegetables rich phenolic
compounds possess strong antioxidant properties, antimicrobial effects,
and the ability to inhibit pathogens (Adunolaet al.,, 2015; Huanget al., 2020).
Some phenolic compounds, such as carvacrol, thymol, and eugenol, show
significant inhibitory effects on L.monocytogeneswith 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
guercetin demonstrating the highest potency (Bouarab Chibaret 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 alkygroups or ester modifications,
influences their antibacterial efficacy. Lipophilicity, or the ability
of compounds tointeract with bacterial cell membranes, also plays a key
role in enhancing their antimicrobial effects (BouarabChibaneet 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

Severalin vitro bioassays, such as disHiffusion, 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 Venanzoniet al. (2024) has evaluated the antimicrobial properties
of plant extracts underin 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; Wanget al, 2023). Bombellietald O | ¢m¢ o (
further emphasised the critical role of the food matrix in evaluating
the effectivenessof 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, wa and storage conditions.

17



Therefore,durability studies in food matrices are necessary to evaluate
practical antimicrobial effects (Wanget 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 shelife of
food under specified storage conditions (Bergigt 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 searcfor natural alternatives (Chen
& Xia, 2024). Plantbased additives are promising replacements due to their
availability, variety, and potential health benefitssuch as antimicrobial and
antioxidative properties. Additionally, numerous plants are rich souces of
flavonoids and organic acids, which have antioxidative and antibacterial
properties (Cowan, 1999).

Apple
The cultivated apple Malus domesticaBorkh.), a member of theRosaceae

family, is one of the most extensively grown and genetically diverse fruit
species (Parket 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 (Changet al, 2012). Studies have established that
phloretin effectively inhibits both Gram-positive and Gramnegative
bacteria, with a stronger effect on Granpositive strains such as
Staphylococcus aureuand L. monocytogenegMacDonald & Bishop, 1952;
Barrecaet al, 2014). Additionally, phloretin has demonstrated antifungal
activity against various plant pathogens (Shim et al, 2010).
Researchindicates that phloretin exerts antibacterial activity through
disruption of bacterial metabolism, impairment of cell membrane integrity,
and modulation of ATP ontent and key enzyme activity (Barrecaet al,
2014; Zhaoet 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 nigrumL.) are highly valued for their nutritional profile.
Theyare 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 corain
polyunsaturated fatty acids, further enhancing their health benefits
(Oczkowski, 2021). Anthocyanins exhibit antimicrobial activity against
abroad spectrum of bacterial species (Burduliset al., 2009), with both
intracellular and membrane interactions (Cisowskaet al., 2011).In vitro
studies have demonstrated thatHelicobacter pylorj Salmonellaspp., and
Bacillus cereusare susceptible to phenolieinduced disruption of their outer
cell walls, while other microorganisms, such afampylobacter jejuniand
Candida albicans exhibit notable sensitivity to degradation mediated by
ellagitannins (Nohynek et al, 2006).0 A O1 TetCdE 2022) showed that
blackcurrant berries had strong antibacterial activity againstEscherichia
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 (onicera caeruled..) berries,
which contain phenolic acids capable of inhibiting a wide range of bacterial
species (Palikovaet al, 2008). The antibacterial effects of ethanol and
buffered water infusions from freezedried fruits were examined on vaious
bacterial groups, including Grarapositive bacteria (L.monocytogenes,
Kocuria rhizophila, Bacillus subtilis Gramnegative foodborne pathogens
(E.coli, Cjejuni), and probiotic Grampositive bacteria commonly used in
dairy products (Bifidobacterium bifidum, Lactobacillus acidophilys
Consequently, the study found that certain blue honeysuckle infusions
exhibit strong antimicrobial activity against food-borne pathogens, while
AEODPI AUET ¢ 1 ETEIT Al ET EEAEOT OU & E£A,
al., 2021).

Chokeberry berries

Black chokeberry @Aronia melanocarpakElliot) is well-known for its strong
antioxidant properties. Numerous studies (Bushmelevat 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; BermudezSotoet al,, 2007;
Ropet 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 Grampositive bacteria Bacillus cereusand S.aureus, along with
inhibitory effects on the growth of Gramnegative bacteriumPseudomonas
aeruginosa. Moreover, another study demonstrated thentibacterial
activity of ethanol extracts of black chokeberry against Graspositive
bacteria, which achieved complete growth inhibition oB.cereusand partial
inhibition of S.aureus(Kim et al., 2018).

Garlic

Garlic (Allium sativumL.) 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).
Thesebioactive compounds have demonstrated effectiveness in inhibiting
the growth of various pathogenic microorganisms, particularly foodborne
bacteria associated with meat spoilage (Owet 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 (Sieset 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 (Parket 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 (Aydinet al.,, 2007).

Onion

Onion (Allium cepalL.) 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
guercetin and allicin (Ankri & Mirelman, 1999; Teshikaet al., 2019).
Thesecompounds exhibit significant antibacterial activity, thereby making
onion a viable natural preservative for meat products. Additionally,
the presence of various phytochemicals, hydrocarbons, and phenolic
compoundscontributes to its antimicrobial efficacy (Harborneet al., 1993).
Research has revealed that onion powder can successfully inhibit
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the growth of bacteria, such a&nterobacteriaceaein fresh pork (Parket 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 (Sieset al., 1992).

Rhubarb

Rhubarb (Rheum rhaponticunl.) has traditionally been used for its
antibacterial and antrinflammatory properties, with its phenolic
compounds demonstrating pharmacological potential across multiple
therapeutic applications (Xianget 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.monocytogenesE.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 pneumoniage and
B.subtilis when compared to conventioral antibiotic agents, thereby
indicating its potential as an alternative antimicrobial compound (Keser
etal., 2020).

Rowanberries

Rowanberries (Sorbus aucupariq are rich in vitamins, essential minerals,
and polyphenols, which underlie their medicinal properties (Sarv
etal.,2020). They contain biphenyl phytoalexins with antifungal and
antimicrobial effects, and have demonstrated potent antioxidant and
antimicrobial activities, particularly against Gramnegative bacteria
(Arvinte et al,, 2023). Kylliet al. (2010) analysed the phenolic composition
and bioactivities of wild and cultivated rowanberries, andhighlighted their
antimicrobial properties. Phenolic extracts from both wild and cultivated
rowanberries exhibited bacteriostatic effects agains.aureus Additionally,
Zoltaja phenolics weakly inhibited Salmonella Typhimurium, while both
cultivated sweet rowanberries, Zoltaja and Granatnaja extracts, slowed
E.coli growth.

Tomato
Tomatoes Solanum lycopersicunh.) are among the most popular vegetables
globally, and valued for their appealing taste, diverse shapes, and vibrant

AT 1T 0008 4EAU AOA OEAE Ei1 AET AAOEOA
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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 studd. Kwonet al. (2024) demonstrated
that tomato juice possesses strong antimicrobial activity again&almonella
Typhi and also inhibits uropathogenick.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 (Adegokeet 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 (Che& 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 (Sbardelott@t 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).

Sharmaet 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, includingSalmonellaspp.

Further, Meremae 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 growh, boost antioxidant properties, and
improve overall meat quality (Aydinet al., 2007; Parket al., 2008).
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Roastoet 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 effectivly maintained
mesophilic aerobic microorganismsPseudomonaspp., yeasts, and moulds
at acceptable levels during storage. Challenge tests showed that
L.monocytogenesC O x OE BT OAT OEAI IlogQFa/g iDAIl AET
marinated rainbow trout samples, theeby 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 (Roastet al., 2023).
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3. AIMS OF THE STUDY

The main aim of this thesis was to determin&. monocytogenesn 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 df. monocytogene# various
RTE food product categories in Estonia from 2012 to 2016

2.1 OOAOO OEA A1 OEi EAOI AEAT AEEAAOO
and growth dynamics of L.monocytogenesin enriched cooked
minced pork samples (I; IIl);

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

(1 1.
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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.monocytogene# various RTE food categorieslj. Additionally, minced
meat enriched with selected plant additives was used to study
the antimicrobial effect of plant additives (I; 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
vegetablebased 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 ofL. monocytogenesgl).

Additionally, 14,342 RTE food samples were collected and analysed during
the same time periodto determine the numbers of L.monocytogenes
Thus, the total number of analysed samples was 44,358)(

Samples were collected within the framework of official controls outlined by
OEA 6AOAOET AoUu AT A &I T A "1 AOAcomblA Al
systems. Sample collection involved random selection, with the weight of
each sample being at least 100. Samples were taken in accordance with the
self-control plans of the FBOs, and official samples in accordance
with the OOAOA G O OO0 O OA Elimbnadytdglnes Bambles wée O
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 afhe National Centre

for Laboratory Research and Risk Assessment (LABRIférmer Estonian
Veterinary and Food Laboratory, where they were stored under
appropriate temperature conditions in accordance with the product
labelling instructions. Thedetection method was applied upon arrival, while

AT 601 AOGAGETT xAO AT 1T AOAOAA 11 OEA £
The sample portion for analyss was 10g and 25g 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).
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Fatcontent (27.9+1.10%) and fatty acid profile, including linoleic acid
(2.9+0.189/100 g), were determined atLABRIS(I1).

The plant materials used in the studyl{) were freeze-dried using a VirTis
AdVantage 2.0 EL freezdryer (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 @m mesh size. Further, minced
meat samplestreated 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 kneadj 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% NaCland 150 milligrams per kilogram
sodium nitrite (NaNQ); (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 meatwith 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 kilogam rutin; and (13)
minced meat with 80 milligrams per kilogram gallic acidGA).

Thereafter, 13 treated samples were shaped as meatloaves (9§9Ceach),
wrapped in baking paper and aluminium foil, and cooked at 22%C for
20 min. Internal temperature was monitored using a digital meat
thermometer with a stainlesssteel probe. The sample 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 4t 1 °C and analysed at days @®wo, four, six, andeight
(raw samples onlyup to the 6th day). Chemical and microbiological analyses
were performed simultaneously in duplicate.

To ensure maximal freshness and a loviat content (13%), pork meat used

in the first test series (Il ) 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 (ll). 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 5C.

Most of the plant materials used were byproducts 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 mincd meat as a powder|(l ).

Two test series (Il ) 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 Science$rom pomace derived from juice
pressing of apples Kalus domestica Borkh.), blackcurrants (Ribes
nigrumL.), rowanberry (Sorbussp.), and black chokeberry Aronia
melanocarpa(Michx.) Elliott), as well as petioles of rhubarb Rheumsp.),
fruit flesh of tomato Solanum lycopersicur.), onion (Allium cepal.), and
garlic (Allium sativumL.). A VirTis AdVantage 2.0 EL freezdryer
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 powdersAn experiment
was conducted using minced meat with 13% and 27% fat content andhe
samples were prepared as follows: (1) control sample witlplain 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 (2& 1 g each), and half of them were
cooked at 145°C for 17min until they reached an internal temperature of
75°C, which was measured using a digital meat thermometer with a
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stainlesssteel probe. Subsequentlythe 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. monocytogenesvere carried out
at LABRISlaboratories in Tallinn, Tartu, Kuressaare, and Rakvere)(

Detection, followed by the confirmation tests, was carried out in accordance

with the standard EVSEN 1SO 1129 ¢ nninif! pd¢nnt h O- EAC
food and animal feeding stuffsg Horizontal method for the detection and
enumeration of Listeria monocytogenesz 0 AOO pdq $AOAAQEIT T
Thisincluded primary and secondary enrichments for examination of
L.monocytogeneq). Initially, all samples were incubated in half Fraser
broth (Oxoid Ltd, England; Biolife Italiana S.r.l.; Mascia Brunelli S.p.A., ltaly)
at 30 °C for 24h. Following incubation, 0.1ml of the solution was added to
10 ml of full-strength Fraser broth and incubated at 37C for 48h.
Thereatfter, both the halt 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 {@a
were incubated at 37°C for 24 to 48h. The bluegreen colonies surrounded
by an opaque halo were considered presumptivel.monocytogenes
Coloniespresumed to belListeria spp., characterised by bluaggreen 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 3T for 24h. Single colonies on
TSYEA were used for confirmation tests, which included catalase reaction,
Gram staining, and microscopy for genukevel identification, along with the
haemolysis reaction, ChristieAtkins-Munch-Petersen (CAMP) test, and
carbohydrate utilisation tests to confrm L.monocytogenes Isolates that
were catalasepositive, Grampositive, and exhibited typical tumbling
motility were further inoculated onto 5% sheep blood agar plates (Oxoid
Ltd; Biolife Italiana S.rl) to assess haemolytic activity, with
L.monocytogenes AGDAAOAA  Ghaemofisl For gonfirmation,
LZhamnose and D-xylose utilisation tests were conducted, with
L.monocytogenes being L-rhamnose positive and Dxylose negative.
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TheCAMP test also showed a positive reaction toS.aureus and
anegativereaction to Rhodococcus equihereby confirming the presence of
L. monocytogenes

Enumeration (I) of L.monocytogenesvas performed in accordance with
the standard method outlined in EVSEN ISO 1129€:2000/A1:2004,

O- EAOT AET 1T CU 1T £ A& 1 AgzHotizAntalAmiethdd Adr /A
the detection and enumeration of Listeria monocytogenesz Part 2:
%l Of AOAOGET T 1 AOET Ads8 " O&EEARAOAA DPADPOII

S.r.l.) was used for the preparation of initial suspensions and serial dilutions
(10-1to 103). The procedure included a onéour recovery step in buffered
peptone water at room temperature, followed by surface plating of 1.0l
from the 10-1 dilution and 0.1 ml from the 102 and 103 dilutions onto two
ALOA agar plates (plate diameter 14éhm). The plates were incubated
at37°C for 24to 48 h. Typical colonies, characterised by blugreen
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. monocytogenesvas carried out as previously described.

In the following studies (II; lll), for the determination of microbial counts,
standards EVSEN I1SO 483% ¢ mpoh O- EAOI AET 1 IzCU
Horizontal method for the enumeration of microorganisms. Part 2: Colony

AT 01T O AO om J# AU OEA OGBOmEZEA20B®] AOE
O- EAOTAETITTCU T &£ A TA ATA AT EI Al A/
the enumeration of yeasts and moulds. Part 1: Colony count technique in
DOiI AOAOO xEOE xAOAO AA@ER@GEDQI29020WA OA C
O - rBblology of the food chainz Horizontal method for the detection and
enumeration of L.monocytogenesnd of Listeria spp. Part 2: Enumeration

i AOET ABN WwB8B poxcmdgmnpnh OzEAumératidnl A |
of presumptive Pseudomona® b BB &gre 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 236pm
using a Stomacher 400 Circulato(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 &f monocytogenegBiolife
Italiana S.r.l.), and cephaloridine fucidin cetrimidé CFC)Pseudomonasgar
base (Biolife Italiana S.r.l.) for enumeration odPseudomonaspp. (I1).

The surface plating technique was used for all enumerations. For small
plates (90 mm), 100 ul, and for large (120mm), 1000 pl 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 30C for 72+ 3 h; DRBC agar plates
at 25°C for five days; CFC plates at 28C for 44+ 4 h; and ALOA plates

at 37 °C for 2448 h. Following incubation, colonies were counted and
results were represented as logcFU/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 9nl of distilled water. Results were read with a Consort
C833 digital pHmeter (Consort bvba, Belgium) at room temperaturel().

In the following study (lll), to measure the pH values of the samples,
homogenates were prepared by mixing 1@ of the sample with 100ml of
distilled water. The pH readings were taken at room temperature using
adigital HandyLab680 pH meter (SI Analytics GmbH, Germanyalues of
aw were measured at 25°C using an Aqualab Decagon 3TEv aneter
(Decagon Devices Inc, USA), following the manufacturer's instructions.
All the analyses were performed in duplicate.

4.2.3. Challenge test

#EAIT 1 AT CA OA OOEL MondaytogehérCrdoked miGdeddpork 1 A&
samples was performed atLABRISin accordance with the EURL for

L. monocytogenegechnical guidance, document version 3, for conducting

shelf life studies onL.monocytogenesn RTE foods (Beaufortet al., 2014)

(I1. The second studyl(l ) 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&pdated technical guidance
document, version 4 (EURLLm, 2021).

Three batches of cooked meat samples containing plant additives were
artificially contaminated with a microbial suspension ofL.monocytogenes
strains using a syringe. A microbial suspension of two strains of
L. monocytogenes(12MOB045LM z serotype 1/2c and 12MOBO089LMz
serotype 4b) chosen from a set of 25 EURL monocytogenesstrains was
used. The chosen strains were classified according to their growth rates
related to temperature, pH, &, genoserotypes, and origins. Both strains with
known growth charaderistics 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 321 °C for 16h to obtain subculture 1 in
the early stationary phase (at about 9.200g CFU/ml). Subculture 1 was
transferred into another tube of TSB and incubated at 10C forthree 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 (100CFU/qQ).

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. monocytogenesvas injected into three different points of the sample,

with 100t I T £ OEA OOOPAT OETI 1T AO AAAE DI
100 CFU/g in the product. Following inoculation, the samples were packed
separately into sterile screwcap jars and kept in a incubator (Panasonic
Corp, Japan) at # 1 °C until the time of analysis.

On each analysis day, total microbial count, pHyaand Pseudomonaspp.
x AOA [T AAOOOAA ET of LAndbBocyfodeAcVAS3 detdriided
based on the pathogen enumeration.

In accordance with the challenge test guidance document, a portion of
the samples was inoculated with a suspension ofL.monocytogenes and
the rest (for pH and a» measurements) were inoculated with physiological
saline to equalise the amount of liquid added to all samples. Samples were
individually packed in sterile screwcup jars and stored at A1°C in
aRiT T1TETC ETAOAAOGI O | "ETAAOD 'i1A(q
L. monocytogenesvas calculated based on the numbers &f monocytogenes.

4.2.4. Statistical analyses

All individual results (I; II; Ill') 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 Géguared test, with pvalues <0.05
considered statistically significant. Additionally, the Chisquared test was
applied to compare proportions across different years, and-palues were
adjusted for multiple comparisons using the Holm method.
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To assess the differences between treatments in sensory datdl)(
ageneralised 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 randoneffects being based on
triplicates (for colour measurements) or batches and duplicates (for
antimicrobial activity and fatty acid oxidation). After modelling, Dunnett's
posthoc 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 anghould
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 eWation of whether the strength
and direction of correlations differed between sample treatments and
storage times.All results were considered statistically significant at pvalues
S0.05. Statisticalanalyses were performed using Rersion 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 KruskaWallis rank sum test
followed by multiple pairwise comparisons between groups using the
Wilcoxon rank sum test with BenjaminitHochberg continuity correction
(). Statisticalanalyses were performed using R version 4.1.2 (R
Foundation for Statistical Computing), pvalues <0.05 were considered
statistically significant.
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5. RESULTS

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

A total of 30,016 RTE food samples collected in Estonia from 2012 to 2016
were analysed forL. monocytogeneswith an overall detection rate of 3.6%
(95% CI: 3.43.8). 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 celd
smoked (26.5%) items exhibited the hghest contamination, whereas hot
smoked (3.0%) and heattreated fish products (4.3%) showed significatly
lower proportion of positive samples.L. monocytogenesvas not detected in
canned fish products.

Among other RTE food categories, culinary products, salads, and fruit and
vegetablebased 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.monocytogenesvas 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.monocytogenesn all RTE foods varied from 1.5% to 6.8% (Table 1), and
peaked in 2013. Statistically significant differences in the prevalence of
L. monocytogenesacross 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. monocytogenesvas detected in 0.5% (33/6,287
samples), with predominance in soft and sersoft cheeses made from
pasteurised milk (1.5%). Other dairy products, including pasteurised milk,
hard cheeses, ice cream, and miflat-based products, tested negative.

In fruit and vegetable-based products,L. monocytogenesvas 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.£0.2%).
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Table 1. Listeria monocytogenem various ready-to-eat foods in Estonia, 20122016

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) 0.771.1
Fish products 7.7 22.3 13.7 4.4 5.8 11.6(n=7,652) 10.9z12.3
Milk products 0.2 1.1 0.7 04 0.2 0.5(n =6,287) 0.4z0.7
Culinary products 1.6 15 14 0.0 5.2 2.1(n=1,368) 1.4z3.0
Gravy sauces 0.0 0.0 0.0 0.0 0.0 0.0(n = 200) 0.0z2.4
Pastry products 0.0 0.0 0.0 0.9 0.0 0.2(n =461) 0.0z1.4
FVBP 0.6 11.3 0.0 4.8 0.0 3.9(n =565) 2.5z5.9
Mixed salads 0.0 0.0 0.0 9.3 0.0 2.2(n=312) 0.9z4. 8
Meals from retail 0.1 13 0.1 1.2 0.3 0.7(n =4,199) 0.5z1.0
outlets
FlIIMP 0.0 0.0 0.0 0.0 0.0 0.0(n =195) 0.0z2.4
Other RTE 0.0 7.1 0.0 0.0 0.0 1.4(n=443) 0.6z3.1
products
Total % 15 6.8 4.9 1.9 2.2 3.6

(n =5,587) (n =6,800) (n=6,519) (n =5,640) (n=5,470) (n =30,016)

95% ClI 1.2z71.9 6.277.4 4.425.4 1.5z2.3 1.822.6 3.473.8

95% Clz 95% confidence intervalof total positive %; n z total number of samples;FVBPz fruit and vegetable-based products; FIIMPz food
intended for infants and for medical purposes; RTE ready-to-eat
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5.1.1. Counts (I)

The enumeration ofL. monocytogene# 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.monocytogenescounts were below 10CFU/g, which indicated either
absence or minimal contamination. Only a small proportion of samples
(0.5%) exceeded the EU food safety criterion of 100FU/g, with 0.3% of
samples containing between 1100 CFU/g and 0.2% exceeding 100
1,000 CFU/g. Sevateen samples (0.1%) had counts over 1,006FU/g, with
the highest levels detected in RTE meat (24,000FU/q), fruit and vegetable
based products (18,000CFU/g), and fish products (12,00@CFU/g).

Most culinary products, gravy sauces, pastries, and mixed salads had
L. monocytogenesevels 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 praacts 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 ofListeria monocytogenedn various ready-to-eat foods, 20122016

Samples Number Count of CFU/g

of <10* | 10z100 >100z1000 >1000

samples

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 retall 2,175 2,166 8 1 0
FIIMP 50 50 0 0 0
Other RTE products 1,501 1,501 0 0 0
Total 14,342 14,247 49 29 17
% - 99.3 0.3 0.2 0.1
95% ClI - 99.2799.5 0.2z0.5 0.1z0.3 0.07z70.2

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

5.2. Antimicrobial effect of plant powders in raw and cooked minced
pork (I1)

5.2.1. Mesophilic aerobic count (1)

The initial number of aerobic mesophilic microorganisms in raw minced
pork samples on day0 ranged from 3.31 to 4.490g CFU/g, and increased to
3.92 to 7.41llog CFU/g by daysix. According to microbiological criteria,
the aerobic colony count limit was set at 5 p t@FU/g for two out of five
units and 5x p Tt@FU/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 3.920g CFU/g over six
days. In contrast, despite their lowpH, blue honeysuckle berries exhibited
limited efficacy in inhibiting bacterial growth. A moderate positive
correlation was observed between aerobic colony counts and pH €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.
Onday0, counts ranged from 2.00 to 3.0log CFU/g, but by dayeight,
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depending on treatment, values varied between 1.70 and 7.98g 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) greatea 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 2.56log 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 petiols, 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

3.68log CFU/g. Although no official standards exist for yeast and mould
counts in raw minced meat, a threshold of 8.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 1.85log CFU/g by daytwo), NaCk+. A. / F
(from 2.09 to 1.85logCFU/g by day four), and GA (from 2.20 to
1.85log CFU/g by dayfour). Additionally, these treatments demonstrated
notable antimicrobial activity against aerobic mesophilic microorganisms.
Treatments with GA, tomato, NaGt. A. / Fh OOOET h OEOAA
NaCl were the most effective in suppressing yeast and mould grtw with

counts remaining below 4.0log 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+. A. / F AQGEEAEOAA AAOAAOAAIT A &EO1 CAI
to 200 CFU/g during the eightday storage period.
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5.2.3. Challenge test (Il)

z A oz

E E C B0.5Iqg 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 supportedL. monocytogenegrowth to varying extents.

The combination of rhubarb root and chokeberries exhibited relatively
weak inhibitory effects. In cooked samples, rhubarb petiolestomato,

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.

'l OET OCE OEA AEAI T AT CA OAOO OAGRAAI AA
L. monocytogenesthe 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. monocytogenesalculated from the challenge test

Sample Storage " Ol xOE b1 OAIl
Day (log CFU/g)*
Meat (control)** 0z14 5.72
NaCl+NaNQ 0z14 5.97
Rhubarb petioles+ Tomato 0z14 454
Rhubarb root + Blackcurrant berries 0z14 5.30
Tomato 0z14 5.67

*zx EAT>05log# &5 ¥ Ch OEA £ 1 A EdeathobdabOE sEpphritheA O O OA A
growth of Listeria monocytogene§ CFUz colony-forming unit; ** z minced meat without
additives
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5.3. Microbial growth dynamics in minced meat enriched with plant
powders (I11)

5.3.1. Microbial enumeration (lII)

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
Pseudomona®® b8 | AAEOET 1 lAmohddyioger@$ird selgcted | /£
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 1,90CCFU/qg, respectively.
Meanwhile, Pseudomonaspp. was below the detection limit (<100CFU/q)
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 4.790g CFU/g on day0 and increased to over
8logCFU/lg by dayl2. 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 3.4%4.82log CFU/g to 7.4@9.75log CFU/g by dayl2.
The plant powder treatments did not show significant inhibition in this case.

Pseudomonaspp. counts in raw meat samples

Pseudomonaspp. counts in 13% fat minced pork ranged between 4.%9
4.741og CFU/g on dayone, increasing to 4.889.26log CFU/g by dayl2.
However, the counts remained low (46 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
thecontrol. A similar inhibitory effect was observed for
apple + garlic + tomato until day nine of storage. In the 27% fat samples,
Pseudomonaspp. counts wee 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 Pseudomonaspp. counts
were noted between control and plant powderenriched samples.

Yeast and mould count in raw meat samples

Initial yeast and mould count in the 13% and 27% fat minced pork samples
were 3.3723.91log CFU/g and 2.043.89 log CFU/g, respectively. By day 2,
the count in the 13% fat samples increased tozb log CFU/g, with slight
inhibition observed for apple+onion +blackcurrant berries and
apple + garlic + tomato up to daynine. 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 applet 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 daysone, 12, and 21. Overall, microbial counts
remained low throughout the storage period in all cooked samples.
Pseudomonaspp. 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 1@FU/g, and increased to 19
400 CFU/g by the end of the study.

5.3.2. pH and aw(lIl)

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 5.1z5.2), followed by
apple + chokeberries+ rowanberries and apple+ garlic + tomato (pH 4.%
5.5), and subsequently apple- blackcurrant berries and
apple + onion + blackcurrant berries (pH 5.175.6). Across all treatments, &
ranged from 0.977 to 0.987, with control samples consistently displaying
higher av values than plant powderenriched samples throughout
the storage period.
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5.3.3. Challenge test (ll)

The initial total viable counts in the cooked minced pork samples ranged
from 10 to <100 CFU/g and increased to 2g250 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 55CFU/g.

All cooked minced pork samples supported the growth df. monocytogenes

AO OEA | hgARABRAA GG OEA AALEE] AA OE,
observed in onionAT T OAET ET C =7®AlbgizFUlgY) foljlowed by

CA Ol EA85l9gCFU/g), and the control sample without additives

{ F7.30log CFU/g). These formuktions were associated with higher

pH values (6.3@6.73) in contrast to other samples with pH< 6.

Over the 12AAU OOT OACA DA OE IL.Abnocyddgehesias x A O
observed in the RTE minced pork samples enriched with rhubarb

{ F2.74log CFU/g). Additionally, the applet+ onion + blackcurrant berries

{ F3.63log CFU/qg) and applet+ tomato + rhubarb petioles

{ F3.74log CFU/g) mixtures demonstrated greater itibitory effects
againstL.monocytogenesompared to the other treatments evaluated.
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6. DISCUSSION

6.1. Prevalence and counts of L. monocytogenesin various ready -to-
eat foods (1)

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

Analysis of 30,016 RTE food samples revealédmonocytogenesn 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
200872010 (Kramarenko et al., 2013). Other RTE food categories, such as
culinary products, salads, fruit and vegetabldased products, pastry, dairy,
and meat products, exhibited lower prevalence. This indicates that
manufacturing practices, thermal treatments, and colechain management
likely limit contamination in these matrices (EFSA BIOHAZ Panel
et al.,2018). L.monocytogenesvas undetected in gravy sauces or in foods
intended for infants or medical use over the entire fiveyear surveillance
period, thereby underscoring the efficacy of stringent regulatory standards
and targeted microbiological controls for  highrisk  food
categories (EC,2005). A comparable survey with similar sample numbers by
Gombaset al. (2003) reported an overall L. monocytogenegprevalence 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. monocytogenegprevalence at 2.9% in deli meat, 2.4% in soft
cheese, and 2.0% in packaged salads (Churcletlal., 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 (Churchikt al., 2019).

Within the five-year study period (), the overall prevalence of
L. monocytogenesn 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 folL. monocytogenes Among
the analysed RTE milk products, 0.5% tested positive fdr. monocytogenes
from a total of 6,287 samples. The highest prevalence (1.5%)
of L.monocytogenesamong 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) ftnie same types of cheese products in
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2015. L.monocytogenesvas not detected in pasteurised milk, curd cheese,
hard or semihard cheeses, ice cream, and miiat-based products.
Softcheeses, characterised by high moisture, low acidity, low salt content,
and a requirement for refrigeration, provide conditions conducive to the
growth of L.monocytogenesven under appropriate cold storage. As RTE
products are typically consumed without further heat treatment, these
cheeses are frequently implicated in listeriosis cases and outbreaks
(Campagnolb et al, 2018). Moreover, despite pasteurisation,
L. monocytogenegsontamination may still occur due to inadequate thermal
control, equipment malfunctions during processing, or pospasteurisation
cross-contamination (Lundénet al., 2004).

Fruits and vegetables

A total of 565 fruit and vegetable products were analysed and revealed
anoverall proportion of L.monocytogenespositive samples of 3.9% k).
Thetested items comprised washed, peeled, chopped, or grated fruits
and/or vegetables, packaged in a vacuum. The highektmonocytogenes
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 (Zlet
al.,2017). Harvey and Gilmour (1993) proposed that contamination
primarily occurs during processing, potentially explaining the presence of
L.monocytogenesin fresh fruits and vegetables, with the same being
observed in the Estonian study I). In a metaanalysis of 165 studies,
Crépetet al. (2007) found that the prevalence ofL. monocytogenesn salad
vegetables was generally below 5%, which is consistent with the findings of
the present study (). Heaton am 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.monocytogenedn fresh produce, preventing outbreaks linked to fresh
fruits and vegetables continues to present a major food safety challenge
(Zhu et al, 2017). Morerecently, frozen vegetables were identified as the
source of a multicountry outbreak of invasiveL. monocytogenesnfections
(EFSA and ECD@Q18). The Belgian study by Van Paepegheet al. (2024)
revealed that plantbased RTE foods, such as vegetarian/vegan deli slices
and multi-ingredient salad bowls, are susceptible toL.monocytogenes
contamination, with prevalence detected in 1/51 and 6/48 batches,
respectively, though concentrations remained below 1@€FU/g. Challenge
tests conducted by VarPaepeghenetalj ¢ m¢ct qQ & 01 A OECT E.
nine products, with fresh-cut iceberg lettuce exhibiting the highest at
3.60log CFU/g. Thesalifferences 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 plantbased RTE foods.

Meat products

A total of 8,334 samples of RTE meat productd)(were examined, with
75(0.9%) testing positive for L.monocytogenes The prevalence of
L. monocytogenes 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 hamoking,
whereas fish products are typically subjected tomilder preservation
methods such as light salting or cold smoking. In hetmoked or cooked RTE
meat products of Estonian origin, core temperatures reach at least +7Z,
which is sufficient to eliminate L. monocytogeneqBranciari et al, 2016).
Further, L. monocytogenesontamination 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). ModzelewskaKapitula and MajSobotka
(2014) reported 26.1% prevalence in raw RTE sausagegersus1.8% in
cooked sausages. Simitly, RTE meat products in Belgium exhibited a
prevalence of 1.1% (Uyttendaeleet al, 2009), which is comparable to
the 0.9% prevalence found in the present studyl). EFSA and ECDC (2016)
reported a 4.0% prevalence in the EU RTE meat products, while a Greek
study described a severfold higher prevalence (Manioset al, 2014).
Further, L. monocytogenegpresents a significant risk in regions with non
controlled storage temperatures for meat products. Mez&8oneet al. (2023)
investigated its prevalence in 1,00 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
showedL. monocytogenesoncentrations of 46 log CFU/g or higher (Meza
Boneet 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, vacuurpackaged RTE
meats exhibited high contamination rates: 57% forcold-smoked beef and
20% for cold-Oi T EAA D1 OEt alj 2089D Céntamination factors
include injection brining, personnel handling, and prolonged cold smoking,

xEOE DAOOEOOAT O OO0 CeAdE,2007; £010). BHSA RO1EOE A O

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 foristeriosis, with contamination
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frequently arising during processing as a result of improper hygiene and
biofilm formation. An Australian study (Rosset al., 2009) identified
the decrease in initial contamination and inpack pasteurisation as critical
control measures. A Greek quantitative microbial risk assessment model
(Tsaloumi et al., 2021) associated elevated listeriosis risk with lownitrite
RTE meats, including mortadella and smoked turkey.

Fish products
Over the fiveyear study period, RTE fish products exhibited a significantly

higher L.monocytogenescontamination rate (11.6% positive samples,
p <0.0001) compared to other RTE food categoriesd); The EFSA and ECDC
(2016) reported an overall L. monocytogenegprevalence of 3.5% in RTE fish
and fishery products in 2015, while the EWwvide prevalence in 2014 was
10.6%, which aligns closely with the fiveyear average from the present
study (1). Additionally, multiple research groups from various countries
have consistently reported elevated.. monocytogenesontamination in RTE
fish products. Research conducted in Northern Spain (Garridet al, 2009)
found a 25.0% contamination rate, while studies in Austria (Wagneet
al,, 2007), Bulgaria (Gyurovaet al.,, 2015), and Iran (Fallahet al., 2013)
reported rates of 19.0%, 12.0%, and 10.0%, respectively, in RTE fish
products. Aprevious Estonian study by Kramarenkeet al. (2016) reported

a 16.8% prevalence ofL. monocytogenesn Estonian-origin, vacuum
packaged, lmg shelf life RTE fish products, primarily in norheat-treated
items like cold-smoked or lightly salted fish. Similarly, a Lithuanian study
reported a 32.5% prevalence ofL. monocytogenesn different RTE cold
O TEAA OAITITT1T DOl A @tAaf) Q02%). rkekel dnd dihEré E A
studies indicate that the minimal processing of colsmoked fish makes it
particularly susceptible to contamination, with slicing equipment and
storage conditions identified as critical risk factors (Beaufortet al., 2007;
Di Ciccio et al, 2012). In Estonia, lightly salted fish products (138
1.5% sodium chloride) and coldsmoked fish showed high.. monocytogenes
contamination rates of 28.6% and 26.5%, respectively). 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 opesea
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
apublic health concern, especially for vulnerable groups (EFSA, 2018), and
requires proper countermeasureslin Estonia, hotsmoked and heattreated
fish products showed lower L. monocytogenesontamination rates (3.0%
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and 4.3%) compared to lightly salted and colémoked fish (28.6% and
26.5%), thereby highlighting the effectiveness of heat treatment in reducing
contamination in RTE fish products (). Further, caviar, dried fish, and fish
culinary products had even lower prevalence (0.7%1.8%), with
no L. monocytogeneseing detected in canned fishlj.

6.1.2. Enumeration of L. monocytogenesin various ready -to-eat
foods (1)

According to EC (2005), RTE foods capable of supportihgmonocytogenes
growth must show the absence of the pathogen in 2% samples before
leaving FBOs control. A limit of 10@FU/g applies throughout shelf life if
FBOs demonstrate compliance to CAs. In Estonia, most RTE food producers
DOEI AOEI U AT T T x OE&criteriondA Avdife] Ashg ET
L. monocytogenesietection methods for 30,016 samples analysed in this
study (1). The enumeration was conducted on 14,342 samples at the end of
shelf life.

From 201272016, enumeration of L.monocytogenesacross 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 <10CFU/qg, thereby indicating minimal or no contamination [).
The majority of samples had <1@FU/g, with only 0.6% exceeding 1CFU/g
and 0.1% (17 samples) exceeding 1,000FU/g (Table 2). However, higher
prevalence rates in certain RTE foodslo not necessarily correlate with
increased listeriosis risk, as most invasive cases are linked to heavily
contaminated products (Pouillotet al., 2015).

The enumeration ofL. monocytogenesn RTE foods () revealed peak levels
in meat products (24,000CFU/g), fruit/'vegetable products (18,000CFU/q),
and fish products (12,000CFU/g). Six fruit/vegetable products exceeded
1,000 CFU/g, which is attributed to nutrientrich cut surfaces facilitating
pathogen giowth and invasion, thereby necessitating stringent washing and
hygiene protocols (Takeuchi& Frank, 2000). The maximum contamination
level in milk products was 7,700CFU/g (). Milk product processing reles
on thermal treatments, such as pasteurisation or sterilisation, which are
highly effective in inactivating pathogenic microorganisms. The detection of
L.monocytogenesin milk despite thermal processing is most likely
attributable to insufficient pasteurisation or post-pasteurisation
contamination (Leeet al,, 2019). In RTE meat products, 99.3% of samples
contained L.monocytogeneslevels below thequantification limit, while
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0.1% exceeded the Etgstablished 100CFU/g safety criterion, in addition to
the highest peak of this studyl).

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 Kramarenket
al. (2016). The highest numbers ofL. monocytogenesvere established for
cold-smoked fish products. For seven samples, the numbers of
L.monocytogeneswere within the range of 1,100 to 12,000CFU/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. monocytogenesounts above 100CFU/g when tested at the end of their
shelf life. However, in the present studyl), the numbers of
L.monocytogenesvere 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 withL. monocytogenedevels exceeding
2,000 CFU/g (Pouillot et al., 2015; EFSA, 2018). Six RTE food samplép (
exceeded 2,00@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 feod
producing FBOs are strongly encouraged to fully iplement the EURL for
L.monocytogens technical guidance (EC, 2013; Beauforet al, 2014)
for shelf life studies to demonstrate conformity with EC (2005).
Additionally, the use of predictive microbiology and durability studies is
recommended to assesd..monocytogenesgrowth in long-shelf-life RTE
foods (Beaufortet 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 highrisk foods and the implementation of
effective risk-reduction measures (EFSA BIOHAZ Panedt al., 2024).
The current study (1) 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 &f. monog/togenes
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 (Kramarenket al., 2013), the current
findings show an increase in both the prevalence and concentration
of L.monocytogenesn these fish products, thereby indicating an area of
growing concern and underscoring the need for increased attention among
food producers, regulatory authorities, and afrisk 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

Ei 1 Al AT OAGETT 1T &£ 1171 AAOI AO OUDPEIT ¢ EI
human listeriosis and L. monocytogenesn 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 (Maesaatret 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.monocytogenesisolates. Nevertheless, this study design successfully
determined the prevalence and concentration ofL.monocytogenesin
different RTE food categories.

6.2. Antimicrobial effect of plant powders in minced pork products

(In)

The microbiological quality and shelf life of raw food samples were assessed
to quantify aerobic mesophilic microorganisms [I). Microbial counts in
most raw samples increased over aix-day storage period, from ~3 to ~4z

7 log CFU/g, which is consistent with previous reports that microbial counts
in meat products may reach 88 log CFU/g (Bjorkroth, 2005). According to
EC (2005), which establishes microbiological criteria for foodstuffs, the
process hygiene criteria for raw minced meat specify a maximum aeb
colony count of 5% p TT@&FU/g for two of five sample units and % p T@FU/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, NaG+. A. / Fh AT A OOOET h OEAOAAL
microbial control in these samples [[).

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 3.920g CFU/g by daysix. This
inhibitory effect is likely attributable to a significant pH reduction,
consequently creating conditions less favourable to microbial proliferation
(Hmelak Gorenjak& # AT AEéh ¢mpoQq8 ! AAEOET T AT T Uh
rhubarb petioles, which can convert to nitrites, may contribute to this e#ct

(Colla et al.,, 2018). However, pH haca 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 ().

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.%6g 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 (Neg2012).

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
(1. While methods such as using marinades with plant materials were also
considered, Bjorkroth (2005) noted that marinating does not extend meat
poOoi AOGAO OEAIT £# 1 EZARh AO OEA 1 AAGGO
marinades, thereby causing dissociationf lipophilic acids. Hence, the study
opted for direct mixing of plant powders with minced meat.

The initial yeast and mould levels (2.093.68 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 (Nazzarcet al, 2013).
Sinceplant 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 &ists for raw minced meat,
a4.0log CFU/g threshold was applied in this study, and treatments
including GA, tomato, M#1 C . A./ Fh OOOET h OEOA
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 (Dagna& Membré, 2013; Mukhtaret
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.
Thestudy (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 organc acids (Golubkinaet al., 2022).

The challenge test results revealed thatL.monocytogenesexhibited

OECTI EEXZEAAT O 1 ET All AITTEAA 1 AAO OAIl bpi
alone are insufficient to suppresd.. monocytogenegrowth in meat products

formulated without synthetic preservatives (Gokoglu, 2019). The observed

1 OA 110 Aidersgore the need to prevent posheat treatment
contamination in meat products. To ensure the microbiological safety of RTE

meat products susceptible toL. monocytogenegrowth, the pathogen must

be absetina25¢C OAI b1 A AAZI OA OEA DPOiT AGAO 1 AA
Additionally, implementation of a relatively short shelf life, alongside

the legal requirement of nondetection in 259, is necessary to prevent
L.monocytogenesfrom exceeding the regulatory limit of 100CFU/g in
accidentally contaminated products.

In the challenge test (1), rhubarb petioles+tomato showed the strongest

inhibitory effect of L.monocytogenescompared to other treatments.

I AAT OAET ¢ O %# j ¢nmnuh LAmorOdytBgdries OT 1 A
(absence in 259) 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 antifigal properties of plant extracts are
primarily attributed to phenolic and flavonoid compounds (Simonettiet al.,
2020; Zhouet 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 highquality, low-salt concentration
meat products. Moreover, Mereméet 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 (I11)

Most of the plant materials used in this study(lll ) were selected based on
the results of the previous study by Raudseppt al. (2018) and the study
(1. Raudseppet 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 (Il),
the strongest antimicrobial effect was found for rhubarb petioles tomato,
and their blends.

Study (1) used the most effective plant materials identified in the previous
study (1) to assess their ability to inhibit microbial growth in minced meat
samples enriched with plant powders and their combinations. Unlike
the earlier study (Il), several plant powders used here (e.g., apple,
blackcurrant, rowanberry, and black chokeberry pomace) were obtained
from juicing byZroducts, 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 applet+tomato +rhubarb mixtures (lIl).
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 Hurtadet
al. (2014), who reported significantly elevated microbial counts in pork
samples with high fat content (20z30%) under low-temperature conditions.
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Study (11I') 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 additivéree
O A1 18 Similady, study(ll) showed that rhubarb petioles in raw meat, and
tomato, rhubarb petioles, or their blend in cooked meat, caused microbial
growth  inhibiton comparable to NaCl+. A. / F 8 3DAAE EE/
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 formuléons, can further enhance
these effects. Numerous studies have demainated 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 (Singtet al, 2001; Unalet al,, 2001; Yinet al., 2002;
Liagat et al, 2019). In vitro research by Ortiz (2015) showed that onion
possesses significant antibacterial activity agains§.aureus However, its
antimicrobial efficacy varies depending on onion type, extract
concentration, and target bacteria (Kabah et al., 2016).

This study (lII') 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 isimportant 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.
Thisi0 AT 1T OEOOAT O x EOE etAE(RORXE, IwioQepdited " AAAT
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 Xiet al. (2011) highlighted the need to reformulate RTE
food recipes to improve microbial safety by inhibiting L. monocytogenes
growth. According to the EURL forL.monocytogenedechnical guidance,
a) below 0.5log CFU/g indicates whether an RTE food supports
L. monocytogenegrowth (EURL Lm, 2021). In the present study (1), all
cooked minced pork samples supported.. monocytogenegrowth, with the
EECEAOO 1 1T AOCAODAAEIERT CIdTPAIAECFAG, |
followed by garlic and control samples, whereas
the lowest) § ¥ 2.74log CFU/Q) 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)} F3.63logCFU/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 (Raudseppt al., 2013;
0 AOT kt@E2017).

This study (Il ) demonstrated that plant powders alone were insufficient to
adequately suppress L. monocytogenesand meet the 0.9ogCFU/g

] criterion outlined by the EURL forL.monocytogenedEURL Lm, 2021).
However, plant powder blends exhibited partial inhibitory effects on
L.monocytogenesgrowth compared to the control. Previous studies
similarly confirm the antimicrobial potential of plant materials, particularly
berries. For instance, Wet al. (2008) reported that cranberry concentrate
disrupted L. monocytogenegell 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, Ravichandraet al. (2011) highlighted the
antibacterial activity of naturally occurring phenolic compounds against
L.monocytogenes and other  pathogens. Despite  exceeding
the L.monocytogene3 A OEOAOET T h AAOI AEA bI AOA
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 (I; Ill ) 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 (lll) indicates that byproducts 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. monocytogeneggrowth, because plant materials alone did not exhibit
listericidal effect. Therefore, using byproducts from horticultural
processing increases the nutritional value of meat products, while
supporting circular bioeconomy and zerewaste principles.
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7. CONCLUSIONS

Study (I) detected L. monocytogenesn 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 categoriescluding plant-based
foods, showed lower prevalence. Enumeration data indicated that 99.3% of
samples contained <10CFU/g ofL.monocytogenesHowever, 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 ().

In challenge testing (1), L.monocytogeneshad 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. monocytogenegrowth. 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 thehallenge
testing study (I1IQh  OE A of Limonb@tGgenesvas found for rhubarb
petioles and blends of appler onion + blackcurrant. Similar to study (1),
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 theircombination exhibited
the best antimicrobial effect. In study (Il ) powders of pomaces were mostly
used. In raw minced meat samples, blends of appteonion + blackcurrant
berries, apple+ garlic +tomato, and applettomato +rhubarb showed
the strongest growth inhibition of total counts of microorganisms. Study
(1) demonstrated that juiceprocessing residues can be effectively
valorised in meat products, which aligns withthe circular bioeconomy.
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SUMMARY IN ESTONIAN

Listeria monocytogenes valmistoidus ning taimsete lisandite
antimikroobne toime lihatoodetes

Sissejuhatus

Listeria monocytogeneqedaspidi nimetatud ka listeeriabakter) on ks
ohtlikumaid toiduga levivaid patogeene, mis p&hjustab listerioost haigust,
mida iseloomustab kdrge haigestumus ja suremus. Kdige enam on ohustatud
riskirithmadesse kuuluvad inimesed, nagu eakad, rasedad, ¥signdinud ja
ndrgenenud immuunsisteemiga inimesed. Patogeeni eripdraks on vdime
kasvada ja paljuneda kulmkapitemperatuuridel Allerberger, 2003; Osek ja
Wieczorek, 2023). L.monocytogeneskujutab suuremat haigestumisriski
eelkdige kuumtdodtlemata valmistoitude, naiteks kilmsuitsukala ja-liha,

ornsoolakala ja pehmete juustude soomisel. L.monocytogenes A C A

saastunud valmistoit on tdsine rahvatervise risk, mistdttu peavad
valmistoidu tootjad pédrama suurt tahelepanu toiduohutusmeetmetele.

Viimastel aastatel on margatavalt suurenenud tarbijate huvi loodusliku ja
vahettodeldud toidu vastu. Uheks pdhjuseks on mure sinteetiliste
sdilitusainete pikaajalise tervisemoju parast. Taimsed toiduained, naiteks
puu- ja koogiviliad, marjad ja maitsetaimel, sisaldavad antimikroobsete
omadustega Uhendeid. Need bioaktiivsed Uhendid pakuvad alternatiivi
sunteetilistele sailitusainetele (Adunola jt, 2015; Huang jt, 2020)ln vitro
laboriuuringud on naidanud, et paljudel bioaktiivsetel Uhenditel on
antimikroobsed omadused, kuid nende Uhendite toime keerukates
toidumaatriksites vajab taiendavat uurimist (Mereméeet al., 2025). Tegurid
nagu pH ning rasva ja valgusisaldus vdivad Uhendite toimet oluliselt
mdjutada (Othman jt, 2011; Wang jt, 2023).

Kéaesolev uuring on esimene pdhjalik Ulevaadel.monocytogened A
levimusest ja arvukusest erinevates valmistoitudes Eestis. Lisaks annab
uurimistoo uut teavet valitud taimsete lisandite antimikroobsete omaduste
kohta nii tooretes kui ka kuumtdoddeldud hakklihatoodetes ning
L.monocytogene8 A EAOOODT OAT OOEAAI E ET EOA
proovides.
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Vaitekirja eesmargid

Vaitekirja eesmark oli uuridaL.monocytogene8 A AOET AT EOO OA
ning hinnata taimsete lisandite potentsiaali looduslike antimikroobsete
ainetena lihatoodetes.

Vaitekirja alaeesmargid:

1. maarata L.monocytogened A I AOGEI 60 EA AOO
kategooriate kaupa Eestis aastatel 2022016 (1);

2. hinnata valitud taimsete lisandite antimikroobset toimet
L.monocytogene8 A EAOQOOODT GA Tglowlt pofentigl)l jd&
kasvudinaamikale taimseid lisandeid sisaldavates kuumtéodeldud
seahakkliha proovides (I, III');

3. anallisida puu, marja ja kddgiviljatootlemise jaakidest saadud
pulbrite mdju mikroobide arvule nii tooretes kui ka kuumtéddeldud
lihatoodetes kindlaksméaaratud sailitamisperioodi jooksul (I, 111).

Eesmargi saavutamiseks analuiiisiti esmalt.monocytogene8 A 1 AOET O«
saastatuse taset erinevates valmistoitudes Eestis ajavahemikul 2042016

ning anti Ulevaade patogeeni esinemisest. Hilisemates uuringutes
keskenduti taimsete lisandite antimikroobsete omaduste uurimisele:
taimseid lisandeid sisaldavates kuumtdddeldud hakklihaproovides. Samuti
analtdsiti puu-, marja- ja kodgiviljatootlemise jaakidest saadud pulbrite
moju mikroobide arvule nii tooretes kui ka kuumttodeldud lihatoodetes
sdilimisaja jooksul. Kokkuvéttes naitavad need uuringud, missugune
toiduohutusrisk on L.monocytogenesvalmistoitudes ning toovad esile
taimsete lisandite potentsiaali lihatoodete mikrobioloogilise kvaliteedi
tagamisel sinteetiliste sdilitusainete alternatiivina. Mikrobioloogilise
ohutuse tagamiseks on edasiste uuringutega vaja leida taimsete lisandite ja
sunteetiliste lisaainete  kombinatsioonid, mis suudaksid valtida
L.monocytogene8 A DAI EOT AT EOO 1 EEAOI T AAOAOS

L.monocytogenesd A 1 AOEI 0O EA AOO OAI I EOO
L.monocytogene8 A OOOAOOAI EOAEO EA 11T AT AAIE
standarditel EVSEN 1SO 112961:2000/A1:2004 ja EVSEN ISO 11290
2:2000/A1:2004 pohinevaid meetodeid.

Viieaastase ajavahemiku jooksul (20122016) analuusiti 44358
valmistoidu proovi (30 016 L.monocytogene8 A OOOAOOABROAE (
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patogeenide arvu maaramiseks) erinevates toidukategooriates, nagu liha

kala-, piima-, kulinaaria- ja pagaritooted, puu ja kddgiviljad, segasalatid,
imikutoidud ning muud kategooriad.L.monocytogene8 A OOEOAO b1 OEO
proove oli kdige rohkem kalatoodete kategoorias (11,6%).

Eriti kdorge (28,6%) oli patogeeni esinemine kergelt soolatud ja
kilmsuitsutatud kalas (26,5%), samas kui kuumsuitsutatud (3,0%) ja
kuumtboddeldud kalatoodetes (4,3%) oli saastumine vaiksem.
Konserveeritud kalas patogeeni ei tuvastatud.

Teistes kategooriates, nagu salatid, kulinaarianing puu- ja kéogiviljatooted

jai L.monocytogene8 A AOET Al ET A z3(0%.EKAijeEv&ksdn ok h p
saastumine pagan ja piimatoodetes (0,%Z0,5%). Kastmetes ning imiku ja
meditsiinilistes eritoitudes listeeriabakterit ei leitud. Valmistoitude
saastumine varieerus aastati vahemikus 125,8%, olles kdrgem 2013.
aastal.

Uuringu raames maarati L.monocytogeneg€ arv 14342 valmistoidus.
Enamuse proovide puhul (99,3%) oli listeeriabakterite arv kas véaga vaike

vOi alla maaramispiiri ehk <10 pesa moodustavat Uhikut grammi kohta
(PMU/g). Siiski uletas 0,5% proovidest Eii toiduohutuskriteeriumi

(100 PMU/g), neist Q3% proovide puhul jai L.monocytogene8 A A OO
vahemikku 107100 PMU/g ja 0,2% proovides vahemikku 1091000 PMU/g.

Vaga kdrgelL.monocytogene® arv (>1 000 PMU/g) tuvastati 17 proovis
(0,1%), kusjuures suurim listeeiabakterite arv maarati lihatoodetes

(24 000 PMU/g), puu ja koogiviljatoodetes (18000 PMU/g) ning kalas

(12 000 PMU/qg).

Enim saastunud valmistoidud olid kilmsuitsutatud ja soolatud kalatoote@
selles kategoorias Uletas 0,5% proovidest toiduohutuskriteeriumi (100
PMU/g). Siiski vastasid 98,9% kalatoodetest ja 99,5% lihatoodetest
ohutusnduetele. Kulinaaria ja pagaritooted, kastmed ja segasalatid olid
enamasti patogeenivabad. Piima ja munatoodete kategoorias ol
listeeriabakterite arv kdrge vaid Uksikutesproovides.

Taimsete Uhendite antimikroobne mdju hakklihatoodetes (11 , 11)

I ja 1l uuringus ma&arati toiduproovides mikroobide arv
standardmeetoditega: EVEN ISO  4832:2013  (mesofiilsete
mikroorganismide  uldarv), EVSISO 215271:2009 (parm- ja
hallitusseened), EVEEN ISO 1129€r:2017 (L. monocytogenesning EVSEN
ISO 13720:2010 Pseudomonaspp.,lll ).
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Il uuringus ma&arati 0. paeval tooretes hakklihaproovides mesofiilsete
aeroobsete mikroorganismide algseks arvuks 3,34,49log PMU/g, mis
suurenes 6. paevaks 3,9%7,41log PMU/g-ni. Kdige tdhusam mikroobide
paljunemise pidurdaja oli rabarberivars z taime pulbrit sisaldavates
toodetes suurenes mikroobide arv vaid 0,62 lo@MU/g vdrra. Seevastu oli
sinise kuslapuu pulber vaatamata madalale pH vaartusele vahem efektiivne.
Kipsetatud lihaproovides jaid 0. paeval maaratud mikroobide arvud
vahemikku 2,003,01log PMU/g-ni ning ulatusid 8. p&aevaks 1,79
7,93log PMU/g-ni. Seitse pulbrilist lisandit, sh tomat, rabarberivars,
rabarberivars koos tomatiga ning rabarberijuurkoos mustsdstramarjadega
vahendasid oluliselt (p<0,05) mikroobide kasvu vorreldes taimsete
lisanditeta lihaproovidega. Kdige t6husamad taimsed lisandid hoidsid
mesofiilsete aeroobsete mikroobide arvu madalal katse [6puni (1,%0
2,56 log PMU/q).

II uuringus oli tooretes hakklihaproovides parm ja hallitusseente algne
kontsentratsioon 2,09%3,68log PMU/g. Katse I6puks Uletas seitse lisandit
uuringus kehtestatud piirvaartuse 4,0log PMU/g. Tomati, NaCk. A. /| F E /
gallaathappega toodeldud proovides tahidati parm- ja hallitusseente
vahenemist. Tomati lisamisel langes parmja hallitusseente arv 2. paevaks
2,27-t 1,85log PMU/gni; NaCl+. A. / F EAOOWadvhkg Odoit 1 8
1,85log PMU/g-ni, ja gallaathappe puhul 4. paevaks 22 1,85 log PMU/g-

ni. Tomati pulber, NaCk. A. / Fh CAI1 1 AAOEADPARh OAAAC
ja NacCl olid mikroobide paljunemise parssimisel kdige tbhusamad, hoides
mikroobide arvu kogu séilimisaja jooksul < 4,0og PMU/g. Kiipsetatud
lihaproovides jai parm- ja hallitusseente av enamasti alla maaramispiiri

(100 PMU/g), vélja arvatud NaCl ja NaGl. A. / F 1 EOAT AEOAC
puhul, mille parm- ja hallitusseente arv oli 10¢200 PMU/g. Hoolimata
suhteliselt madalast polifenoolide sisaldusest parssis rabarberivarrepulber
mikroobide paljunemist kdige tdhusamalt nii tooretes kui ka kupsetatud
proovides.

Il uuringu 13% rasvasisaldusega tooretes hakklihaproovides oli algne
mikroobide arv 4,30z4,75log PMU/g, mis suurenes 12. p&evaks (le
8 log PMU/qg. Proovid, kuhu oli lisatud pulbrisegud
oun + sibul + mustsdstramarjad, oun+ kuuslauk + tomat ol
oun + aroonia + pihlakas, naitasid madalamaid mikroobide arve kuni 9.
paevani, seejarel suurenes mikroobide arv markimisvaarselt. Pulbrilise
lisandiga Gun+ sibul + mustsdstramarjad hakklihaproovi mikroobide arv
erines lisanditeta proovist oluliselt (p <0,05).
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Kdrgema rasvasisaldusega (27%) lihaproovides suurenes 12. p&evaks
mikroobide arv 3,4974,82-It 7,4079,75log PMU/g-ni, kusjuures taimsed
lisandid ei parssinud mikroobide paljunemist markimisvaarselt.

Madalama rasvasisaldusega (13%) hakklihas oli paevalPseudomonaspp.
arv 4,19%24,74log PMU/g, mis suurenes 12. paevaks 4,89,26log PMU/g-
ni. Pulbriliste lisandite oun + sibul + mustsdstramarjad ja
oun +tomat + rabarberivars puhul pusis mesofiilsete mikroobide arv kogu
katse valtel madal (46logPMU/g), erinedes olliselt (p <0,05)
kontrollproovist. ~ Pulbrite  segu  dun+kiuslauk +tomat  parssis
Pseudomonaspp. bakterite paljunemist kuni 9. paevani.

Suurema rasvasisaldusega proovides oli kbrgeim mesofiilsete mikroobide
arv kontrollproovis. Pulbriline lisand &un +kildslauk +tomat hoidis
hakklihas mikroobide arvu stabiilsena, erinedes oluliselt (p<0,05)
kontrollproovist.

Algne parm ja hallitusseente arv oli 13% rasvasisaldusega proovides 3,37
3,91 log PMU/g ning 27% rasvasisaldusega proovides 2,@8,89 log PMU/qg.
Parm- ja hallitusseente arv suurenes 13% rasvasisaldusega proovides 12.
paevaks 46 log PMU/g-ni, kusjuures pubrilised lisandid
oun + sibul + mustsdstramarjad ja dun+ kuuslauk +tomat parssisid parm

ja hallitusseente paljunemist kuni 9. paevani. Kérgema rasvasisaldusega
(27%) proovides oli 12. pdevaks mesofiilsete aeroobsete mikroobide arv
kdrgem kui 13% rasvassaldusega proovides, kuid pulbrilised lisandid
oun + kuuslauk + tomat ja dun+tomat pidurdasid lihaproovides parm- ja
hallitusseente kasvu oluliselt (p< 0,05).

Klpsetatud lihaproove analtusiti 1., 12. ja 21. paeval ning selgus, et
mikroobide arv pusis vaike kogu katse valtelPseudomonaspp. ning parm

ja hallitusseente arv jai alla maaramispiiri (LOPMU/g). Mesofiilsete
mikroorganismide algne arv oli <10 PMU/g, tdustes uuringu 16puks 1@
400 PMU/g-ni.

L. monocytogenes’ e kasvupotentsiaal ja -diinaamika taimsete
lisanditega rikastatud hakklihatoodetes (lI, 111)

Il ja Il uuringus viidi kipsetatud hakklihaproovides L.monocytogened A
hindamiseks |abi  nakatamiskatsed. Il  uuringus jargiti  EL-i
L. monocytogene8 Aeferentlaboratooriumi tehnilisi juhiseid (3. versioon,
juuni 2014) ning katsed korraldati Veterinaar ja Toidulaboratooriumis
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(ntud Riigi Laboriuuringute ja Riskihindamise Keskus)IIl uuringus jargiti
sama juhendi 4. versiooni ning katsed tehti Eesti Maadulikooli veterinaarse
biomeditsiini ja toiduhtgieeni dppetooli laboratooriumis.

Il uuringu nakatamiskatse néitas, el..monocytogene8 A 1 T 1 E EéO
kipsetatud hakklihaproovides. Seega ei ole voimalik patogeeni paljunemist
takistada ilma tavaparaste sailitusaineteta ning uksnes taimsete lisandite
kasutamine ei ole piisav patogeeni paljunemise parssimiseks. Sealjuures ol
rabarberivarre- ja tomatipulbri kombinatsioon koige tdhusam, Kkuigi
mikroobide paljunemine taielikult ei pidurdunud. Kuigi mikroobide arv jai

taimse materjaliga rikastatud proovides vaikseks, ei vahendanud taimsed
lisandid oluliselt L.monocytogene8 A DAl EOT AT EOO8 3EEO
lisandit kaheksast lihatoote sailimist, hoides mikroobide arvu katse jooksul
vaiksena.

Il uuringus toetasid kdik kiipsetatud hakklihaproovid L. monocytogeneg A
paljunemist, mille kinnituseks oli @ le 0,5logPMU/g. Patogeenid
paljunesid kdige rohkem sibula pulbri (@ =7,92log PMU/g), kiiuslaugu

pulbri (@ =7,85log0- -7CqQ EA EIT 1 6030lodPmMOG)] OE C
0AOT CAAT &i madalaim rabarberivarrepulbriga  proovides

i F2,74log PMU/g), jargnesid pulbrilised lisandid
dun+sibul+i OO0O00e OOOAIT A OERA3logPMU/)} 1 ja

S s A £ s oA

Jareldused

Eestis toodetud valmistoitude saastumind_.monocytogene8 A AAEOAOE
Uldiselt vahene. Uuring (I) tuvastas, et L.i T 1T T AUOd @Amud O&
analliisitud valmistoitudes (n = 30 016) oli 3,6%L. monocytogenes &3ines

kdige sagedamini kalatoodetes(11,6%), eeskatt kergelt soolatud ja
kilmsuitsutatud kalas. Loendamismeetodi tulemused naitasid, et 99,3%
proovidest sisaldas vahem kui 10 PMU/d..monocytogene8 08 3 EEOEE
moned kala, liha- ning puu- ja koéogiviljatooted Euroopa Liidu
ohutuskriteeriumi, mis on 100 PMU/g. Sellest tingituna tuleb senisest
suuremat téahelepanu poorata toiduohutusmeetemetele ja

enesekontrollisisteemi tdhususele eelkdige kalakaitlemisettevotetegl).

Il uuringu nakatamiskatsete koikides proovides oliL. monocytogened A
kbrge, mis tdhendab, et taimsed pulbrid tksi ei suuda patogeeni kasvu
taielikult peatada. Siiski leiti, et moned taimsed lisandid, nt
rabarberivarrepulber, olid listeeriabakterite kasvu pidurdamisel
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tbhusamad. Uuring naitas, et taimsete pulbrite segud on hakklihatoodete
puhul mikroobide paljunemise ohjamisel thusamad kui tksikud lisandid

(I, ).

Vorreldes kontrollprooviga véahendas rabarberivarrest tehtud pulber
tbhusalt mesofiilsete aeroobsete mikroorganismide ning parm ja
hallitusseente paljunemist tooretes ja kiupsetatud hakklihaproovidedll,
). Taimsete pulbrite segud, eriti 6unt sibul + mustsGstramarjad ja
oun + kuuslauk + tomat parssisid mikroobide paljunemist toores hakklihas,
eriti 13% rasvasisaldusega lihaproovideg(lll). Kérgema rasvasisaldusega
(27%) lihaproovides oli listeeriabakteri paljunemise parssimine vahem
tBhus ja iksnes tainse pulbri lisamine ei takistanud L. monocytogeneg A
paljunemist kupsetatud lihatoodetes (lll). Il uuring kinnitas Il uuringu
tulemusi, seega toimivad teatud taimsed lisandid mikroobide paljunemise
pidurdamisel tdhusalt. Jarelikult saab lihatoodete vé&arindamisel edukalt
kasutada ka mahlatbéostuse pressjadke. Need jareldused on kooskdlas
ringbiomajanduse pdhimotetega (1, ).
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ABSTRACT

The provalence and numbers of Listeria monocytogenes in various categories of ready-to-cat (RTE) food products taken
from retail outlets and food industries over a S-year period are presented. A total of 30,016 RTE food samples were analyzed for
L. monocytogenss prevalence, md 3.6% were found to be positive. The highest prevalence was found for RTE fish and fish
products (11.6%), especially for lightly salted and cold-smoked fish products. The overall prevalence of L. monocyiogenes in
other food categorics was low, within the range of 0 to 3.9%. In addition, 14,342 RTE food samples were analyzed to daterming
the numbers of L. marocytogenes. A food safety eriterion of 100 CFU/'g was exceeded for 0.3% of KTE food samples. Samples
most often exceeding the legal safety limit were from thie RTE salted and cold-smoked fish product categories. High prevalence,
24 6 and 26_5%, respectively, and high numbers of L. monacyrogenes among salted fish and cold-smoked fish products indicate a
nisk of listeriosis, especially for susceptible risk groups. The results of the current study can be used at both the national and the
imtemational levels to update the perception of the L. monocytagenes risk deriving from RTE foods.

HIGHLIGHTS

* This study is a significant contribution to L. monootogenss nisk analysis,

* [ monoovtogenss was found in 3.6% of 30,016 analyzed BTE food samples.

* A food safety criterion of 100 CFLg was exceeded for 03% of the RTE food samples.
*+ Salted and cold-smoked fish products were found to be potentially high-nsk foods.

Key words: Listeria monooytogenss, Numbers; Prevalence; RTE foods

In the European Union (EU), 2,536 confirmed cases of
listeriosis were reported, with an overall EU notification
rate of 0.47 cases per 100,000 population, in 2016 (12). This
is an increase of 9.3% compared with 2015, Within the
longer period, thers was a statistically significant increasing
trend for listeriosis from 2008 to 2016, and 19 EU member
countries reported 247 deaths because of listeriosis in 2006,
The highest annual number of deaths (270) becanse of
listeriogis since 2008 was reported in 2005 (77). In Estonia,
the notification rate for listeriosis is one of the highest
among EUJ member states, with 0.8 and 0.68 cases per
100,000 population in 2015 and 20016 (i1, 12). Because of
the severity of the disease, and the frequent involvement of
industrially processed foods, the social and economic
impact of listeriosis is among the highest of the foodborne
diseases worldwide (37). Although vardous foods may be
contaminated with L. monocviogenes, outbreaks and
sporadic cases of listeriosis are predominately associated

* Author for comespondence. Tel: +372-7-313433; Fax: 4372-7-
313432, E-mail mail roasiodie mnee

with ready-to-gat (RTE) foods (19, 27, 32). RTE food means
food intended by the producer for direct human consump-
tion without the need for cooking or other processing that
might be effective in elimmating or reducing the microor-
panisms of concern to an acceptable level (10). RTE foods
represent a large heterogeneous category of food products
that can be subdivided in many ways and vary from country
to country according to local production and eating habits.
L. monocviogenes can grow and multiply during refnper-
ation, whereas most competing microorganisms cannot. L.
monocytogenes s able o survive at relatively low water
activity (a,) and high concentrations of salt (23, 37).
Regulation (EC) Mo 20732005 (10) defines the conditions
that do not support the growth of L. monocytogenes, such as
pH = 44, a, < 092, pH = 5.0and a,, <094, freezing of
products, and products with a shelf life of less than 5 days.
For these products, the criterion of less than 100 CFU/g is
used throughout the shelf life. For RTE foods able to
support the growth of L monocytogenes. the absence of the
pathogen is required in 25 g of sample. The greatest threat
of L. monoovtogenes is associated with contaminated RTE
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food products with a long shelf life in which L
monocyviogenes can grow and those that will not receive
proper heat treatment during processing, e.g., raw milk and
products thereof, cold-smoked fish, and meat products (9,
23). Scientific opinion (13) has concluded that L momocy-
togenes can be detected in most food processing environ-
ments over time to a varyving degree, and absence of the
pathogen in the production environment camot be expect-
ed. This indicates the need for effective control measures
and sampling strate gies for RTE food business operators to
avoid, or at least minimize, [ monocytogenes contamina-
tion risks. The prevalence and numbers of L. momocvto-
wenes have been studied previously, but only a few large-
scale studies cover a continuous S-vear period and 11
essential RTE food categories.

The aim of the present study was to give an overview of
the prevalence and numbers of L monocytogenes in various
RTE food products in Estonia from 2012 o 2016.

MATERIALS AND METHODS

Sampling. A total of 30016 RTE food samples, categonzed
ag meat, fish, milk, culinary, pastry, and fruit and vegetshle—hased
products; gmvy sauces; mived salads; meals; food intended for
infants; and other RTE products, were collected and analyzed from
2012 to 2016 for detection of L. monocyiogenes. Dunng the same
period, an additional 14,342 RTE food samples were collected and
analyzed to determine the numbers of L meonocitogenss.
Altogether 44,358 samples were analyzed.

Samples were taken within the framework of the food
industry’s self<contmo| programs and official controls performed
by a competent authority, the Veterinary and Food Boeard. All
samples were collected mndomly, and the weight of each sample
was at lesst 100 g. Samples were taken in accondance to the food
business operator’'s self-conirols, and o fficial samples were taken in
accordance with the state L monocymgenes surveillance plan.
Samples were taken at the food processing level, keptat refrigerator
temperatumn conditions not cxcooding 5 = 190, and transported to
the laboratory immediately. All samples were analyeed at the
Estonian Veterinary and Food Laboratory, Before the analyses in
the lahoratory, all samples were kept at the proper temperature
conditions in accordance with product labeling information. The
detection method was applied on the arrival date; enumeration was
performed on the last day of food shelf life. The test portion for
analysiz was 25 g for detection and 10 g for enumeration.

Detection and enumeration of L. monocyrogemes. The
detection and enumemtion of L. monocyiogenes were camied out
at thc Estonian Vetennary and Food Labomtory locations in
Tallinn, Taru, Kurcssaare, and Rakvers. Detoction with the
confirmation tests was performed in accordance with the method
described by EVE-EN IS0 11290-1:20000A1:2004 (7). which
included primary and secondary enrichments for examination of L.
monocytogenes. All samples were first incubated in half Fraser
broth (Oxoid, Basingstoke, UK, and Biolife laliana $.r.1, Mascia
Brimelli 5 p A, Milano, kaly) at 30°C for 24 h. After incuhation,
0.1 mL was transfemred to a 10-mL full-strength Fraser broth tube
and incubated at 37°C for 48 h. After incubation, both the half-
and full-strength Fraser broths were plated out on ALOWA agar
(Lab M Ltd, Bury, Lancashire, UK, and Biolifz) and Palcam agar
((Oocoid and Biolife). Seloctive agar plates were mcubated at 37°C
for 24 to 48 h. The blue-green colonies surromded by an opaque
halo were considersd presumptive Lo monocwogenes. Typical
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colomics, bluc-green colonics with halo, or bluc-green colonics
without halo (# = 5) presumed 0 be Listeria spp. were streaked
from both Pakam and ALOA agar onto a tryptone soya yeast
extract agar (TSYEA), which was prepared in house from single
components ((koid and Biolifz), and plates were incubated at
3T°C for 24 h. Following confimmation, tests wene performed using
the pure culture obtained from TSYEA. Conformation tests
imcluded catalase reaction, Gram staining, and microscopy for the
gems-level conformation and hemo lysis reaction; CAMP test; and
carbohydmate utilization for conformation of L. monocyiogene.
lzolates that were catalase and gram positive with typical ambling
motility were inoculated on 5% sheep blood agar plates (Chooid
and Biolife) to determine the hemolytic reaction, fi-hemolysis for
L. monocytogenes. L-Rhamnose md pocylose were used for the
conformation of L. monoovtogenes, which is I-rhamnose positive
and D-xylose negative. For L monoovrogenes, the CAMP test
showed a positive reaction with Staphylococcus aureus and a
negative reaction with Rhodoomeos ayu.

Emumeration of L. monacytogenes was carried out acconding
to the method described by EVS-EM 150 11290-2:2000/A1 2004
{%). Buffered peptone water (Oxoid and Biolife) was used for
mitial suspensions and dilutions (107" to 107%), The procedure
included 1 h of esuscitation in buffered peptone water at mom
temperature and surface plating on ALOA agar of 1.0 mL (plate
diameter, 140 mm) of the 107" dilution and 0.1 mL of each of the
107* and 10~* dilutions to cach of two dishes of ALOA. The plates
wre incubated at 37°C for 24 to 48 h. Typical colonies and blue-
grean colomies with or without halo (n = 5) ware selected and
plated on 5% sheep blood agar (Owoid and Biolife). L.
monocytogenes was confirmed as described earlier.

Statistical amalyses. All individual results were recorded
using Microsoft Excel 2010 softwane (Microsoft, Redmaond, WA).
The prevalence and confidence intervals hased om probahilities
derived from binomial distribution for proportions were calculated
using Statistical Package R, and the statistical significance of
differences in prevalence among the food categorics was
investigated using the chi-square test. A P value of <005 was
considered statistically significant. In addition, a chi-square test
was used to compare proportions of different years, and P values
were corrected for multiple testing using the Holm method.

RESULTS AND DISCUSSION

Prevalence of L monocytogenes. Table | shows the
prevalence of L monocytogenes in various RTE food
catepories in Estonia from 2012 tw 2016, Among the
analyzed 30,016 RTE food samples, L monocytogenes was
detected in 1,086 samples (3.6%). The highest proportion of
positive samples (11.6%) was found among RTE fish
products. There were significantly higher prevalence and
numbers of L. monecviogenes for lightly salted and cold-
smoked fish products than in the previous Estonian study
performed from 2008 to 2010 by Kramarenko et al. (26). The
prevalence of L monocytogenes in other RTE food
catepories was significantly (# << 0,0001) lower than for
lightly salted and cold-smoked fish products. In culinary
products, salads, and fruit and vegetable-based products, the
prevalence of L. momocytogenes was within a range from 2.1
oy 3.9%. Lower prevalence within the range from 0.2 to 0.9%
was found for pastry products, dairy and meat products, and
meals from retail outlets. L. monocytoge nes was not detected
in gravy sauces or in food intended either for mfants or for
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medical pumposes in all 5 vears. A survey of L monocyto-
genes in RTE foods, with similar sample numbers, was
previously carried out in the United States (18), where an
overall prevalence of 1.8% of L. monecviogenes in RTE
foods was reported, but compared with the present Estonian
study, much lower proportions of L moenocytogenss—positive
samples for RTE fish products were reported. However,
Gombas et al. (18) used a methodology for screening the
prevalence and enumeration of L monocviogenes in RTE
foods that was different from the one used in the present
study. Therefore, the information from the different studies is
not always directly comparable. In the present study, over the
S-year study period, the overall prevalence of L. monocyto-
genes in various RTE food products within different vears in
total varied between 1.5 and 6.8%. The highest prevalence
within all RTE food categories was in 2013, when 6.8% of
studied samples were found to be positive for L. monoo-
togemes. Statistically significant differences in the prevalence
of L. monocytogenes within all RTE food categories were
found between most vears, except between 2012 and 2015,
2012 and 2016, and 2015 and 2016,

Among RTE milk products, L monocyviogenes was
detected in 33 (0.5%) of 6,287 samples. The highest
prevalence (1.5%) of the pathogen among RTE milk
products was detected in soft and semisoft cheeses made
from pasteurized milk. This is comparable with the 1.3%
prevalence reported by the European Food Safety Authority
(EFSA) for the same tvpes of cheese products in 2015 (17).
L monocytogenes was not detected in pasteurized milk,
curd cheese products, hard or semihard cheeses, ice cream,
or milk-fat-based products.

The overall proportion of L monocytogenes—positive
samples among 565 sampled fuit and vegetable products
was 39% (Table 1). These products were washed and
peeled, chopped or grated fruits and'or vegetables packed in
plastic containers or vacuum packaped. In the current study,
the highest contamination of fruit and vegetable-based
products occurred in 2013, when 11.3% of the analvzed
products tested positive for L. monoovtogenes. This 15 a
significantly higher proportion of L. monoovtogenes—
positive fruit and wvegetable-based product samples com-
pared with other vears; based on sample origin data, this
relates o certain food business operators” contamination
problems in 2013 The L. menocytogenes contamination
potential of fresh produce has been recognired for some
time (3. Harvey and Gilmour (21} suppested that
contamination probably occurred during processing, which
is likely one of the reasons for contaminated fresh fruits and
vepetables in the present Estonian study. Results of the
present study are in accordance with the findings of Crépet
et al. (6} who analyzed 165 swudies and reported that
prevalence in salad vegetables was usually less than 5%. In
the review of Heaton and Jones (22) on microbial
contamination of fruit and vegetables, up to 85% contam-
ination of vegetables was reported. Because fresh produce is
likely to be contaminated with L. monocytogenes, and the
trend for contamination has continued, it is a challenge for
food safety to prevent outbreaks due to fresh fruits and
vepetables (38). Frozen vepetables have been linked w a
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multicountry outbreak of invasive L. monocviogenes
infections (14).

A total of 8,334 RTE meat product samples were
analyzed, and 75 samples (0.9%) were positive for L
monocviogenes. Compared with RTE fish products, the
prevalence of L. monocytegenes in RTE meat products was
significantly (P < 0.0001) lower. This might be because
most RTE meat products in Estonia are either cooked or hot
smoked, compared with fish products, which are most often
lightly preserved (lightly salted or cold smoked). For hot-
smoked or cooked RTE meat products of Estonian origin,
the core temperature of the products has achieved at least
+74°C, which is able w kill L. monocviogenes.

For RTE meat products, the highest proportion of L
monocviogenes—positive samples (2.5%; 22 of B70) was
found among smoked meat products and cooked meat
products (1.4%; 16 of 1,161). Low prevalence (on average,
0.1 and 0.2%) was determined for smoked meat sausapes
and fried meat products. The difference in L. monocvto-
genes contamination of heat-treated and non-heat-treated
meat products was also reported in a Polish study, where the
cocurrence of L monocytogenes in RTE raw and cooked
sansapes was 26.0 and 1.8%, respectively (29). In Belgium,
RTE meat products had an overall L. monocviogenes
prevalence of 1.1% (34). This is similar to the overall L
monocyviegenes prevalence in RTE meat products found in
the current study (0.9%; 75 of §,334). According o EFSA
{11}, the overall L. monocvtogenes prevalence in RTE meat
products (excluding fermented and raw meat products
intended to be eaten raw) was 4.0% in 2015, However, a
study in Greece (28) showed that RTE meat products may
alse have a high proportion (28%) of L. monocytogenes—
positive samples. In Latvia, a neighboring country of
Estonia, analvses of vacuum-packapged RTE meat products
were found to be 57% positive for cold-smoked beef and
20% positive for cold-smoked pork ¢4). In two Latvian
studies (2. 3), the main factors associated with L.
monocyiegenss contamination during the manufacture of
cold-smoked meat products were identified, and these were
brining by injection, personnel working with brining
procedures, and long cold-smoking times. In addition,
persistent L. monocviogenes strains as  contamination
spurces were found in meat plants (2, 31 An Australian
quantitative risk assessment found that the most effective
means of reducing the risk of listeriosis from processed
meats were to reduce initial contamination levels and to use
in-pack pasteurization technology (37). This is appropriate
for other RTE food production.

In the present study, during the 5-vear period, the
contamination of RTE fish products, with 11.6% of positive
samples, was significantly (P <2 0.0001) higher than in all
other RTE food categories. According to EFSA (11), the
overall L monocyiogenes prevalence in RTE fish and
fishery products in 2015 was 3.5%. However, in 2014, the
proportion of L monocyiogenes—positive RTE fish samples
in the EU was 10.6%, which is similar to the 5-vear average
prevalence found in the present study. Many other studies
carried out in a range of countries have reported high L
monocyiegenes prevalence in RTE fish and fish products.
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TABLE 3. Numbers of L. monocytogenes in various RTE foods, 2012 fo 2016

Nao. at CFU/g of:
Nao. af
Sample samples =<10" =10-100 2 1001 ek} 21,000
Meat ]'nu&um 21 2004 6 i 1
Fish pmdmu 5,545 5,484 EX) 21 7
Milk pmdl:l:u 415 419 2 2 2
Culinary products 16 36 0 0 0
Egg products n n 0 L] 1
Uimvy sauces 130 130 L] L1} Li]
Pastry products i i 0 0 0
Fruit and vegetahle—hased products 517 509 0 2 [
Mixed salads 1,308 1,308 L] L] Li]
Meals from retal outlets 2,175 2,166 ] 1 L]
Food intended for infants and for
medical purpases 50 0 0 0 0
(Other RTE products 1,501 1,501 0 L] L]
Total no. (%) 14,342 14,247 (99 3) 490 .3) (0.3 17 (0.1)
Clye (%)° 49,2995 0.2-0.5 0.1-0.3 0.07-0.2

# Limit of quantification.
* Ly, 95% confidence interval,

contamimation of RTE products. Lower prevalence (aver
age, 0.7 to 1.8%) was also found for caviar, dried fish and
fish products, and fish culinary products. L. monecviogenes
was not found in canned fish products.

MNumbers of L monocytegenes. According to Regula-
tion (EC)No 20732005 (10), for RTE foods able to support
the growth of L. monocytogenes, the absence of the pathogen
is required in 25 g of sample before the food has left the
immediate control of the food industry. When the product is
proved not to exceed the limit of 100 CFU/g throughout its
shelf life, the limit is 1M CFU/g during product shelf life
(10}, In Estonia, for most RTE food producers, the criterion
“absence in 25 g7 is applied; therefore, the L monoovto-
genes detection method 18 mostly wsed for RTE food
samples. There are also food producers for which the limit
of 100 CFU/g on the last day of shelf life is applied. These
are food business operators that have been able to
demonstrate, to the satisfaction of the competent authority,
that the product will not exceed the limit of 100 CFU/g
throughout the shelf life. This is why in the present study the
detection method was used for 30016 samples and
enumernation was performed for 14,342 RTE food samples.
In accordance with legislative demands, enumeration
anal yses were performed on the last day of food shelf life.

The results of the enumeration of L monocytogenss in
various RTE food categories during 2012 to 2016 are
presented in Table 3. Analysis revealed that in food
categories such as culinary products, gravy sauces, pastry
products, and mixed salads, the numbers of L monocvto-
gemes were under the limit of quantification. In addition, in
most cases (99.3%), the numbers of L. monocyiogenes were
found to be less than 10 CFU per g of product, indicating the
absence of bacteria or its presence at very low levels in 1 gof
sample. In 0.3 and 0.2% of samples, the mumbers of L
maonocytegenes were found to be between 10 to 100 and 100
o 1,000 CFU/g, respectively. In 17 products (0.1%), the
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numbers of L. monocytogenes were more than 1,000 CFU/g.
Among these, the numbers of L. moncowtogenes were
between 1,100 and 24,000 CFU/g. That certain RTE food
categories are more frequently contaminated with L
monocyviogenes than others does not necessarily mean that
these food categories are more likely to cause Listeriosis, It
has been reported that most invasive listeriosis cases are
linked to the ingestion of highly contaminated food items
(3. In the present study, among individual samples, the
highest number (24,000 CFU/g) was detected in RTE meat
products, followed by fruit and vegetable-based products
(18,000 CFU/g) and fish products {12,000 CFU/g). Enumer-
ation analyses of fruit and vegetable—based products revealed
six products in which the numbers of L. monocytogenes were
more than 100 CFU/g. This might be explained by the
findings of Takeuchi and Frank (33), who reported that
prepared produce may provide conditions for the survival
and reproduction of human pathoegens. Fresh-cut vepetables
secrete nutrients, which can be used for growth, and L
monecyviogenes has been shown to attach to the cut surfaces
and penetrate the internal tissue of lettuce leaves. Therefore,
proper washing of fruits and vegetables and a high level of
the production hygiene are necessary prerequisites.

Compared with RTE fish products, the numbers of L
monocyviogenes in RTE meat products were lower, with
0.2% of the products exceeding the legal food safety
criterion. In most RTE meat products (99.5%), the numbers
of L. monocytogenes were below the quantification limit.
For 0.3% (n =6), the numbes were within the range of 10
to 100 CFW g, L. monocytogenes numbers within the range
of 120 to 420 CFU/g were determined for 0.19% of meat in
the category of nonspecified RTE meat products. Among
milk and egg products, the highest mumbers were 7,700 and
3,100 CFU/g, respectively.

In general, the samples exceeding legal limits among
all studied food categories were those with RTE fish
products (Table 4). The EU food safety criterion was
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TABLE 4. Numbers of L. monocytogenes in RTE fish produces, 2012 o 2016

Nao. at CFUg of:
Mo of
Sample samples <10 = 10-100 e 101 (HHD =SR]
Huot-smoked fish products 180 179 1 L] 0
Cold-smoked fish ]:mdum 925 BES 18 15 7
Salted fish and fish products 567 559 3 5 0
Preserved fish products 244 245 3 1 0
Canmned fish ]del.l:u 23 23 L1} L1} L1}
Caviar L) 4 0 Li] 0
Heat+treated fish products
(monsmoked) 306 306 0 0 0
Fish culinary pmducts 3,084 3076 8 L] 0
(ther fish products 147 147 0 L] 0
Total (%) 5,545 5 A4 (95.9) 33 (0.6) 21 (0.4) T{0.1)
Clgs (R R 092 04409 02046 00603

# Limit of quantification.
® (las, 95% confidence interval.

exceeded by 0.5% of the RTE fish samples (n = 28). The
highest numbers of L. monocytogenes were determined for
cold-smoked fish products. For seven samples of this
category, the numbers of L. monoovtogenes were within the
range of LI100 tw 12,000 CFUWg For five products
belonging to the salted fish category, the official criterion
was exceeded and was within the range of 270 10 620 CFLY
g. However, for 98.9% of RTE fish products, the numbers of
L. monocyvtogenes were below the limit of quantification.

Quantitative modeling has suggested that more than
90% of mvasive listeriosis is cansed by ingestion of RTE
food containing more than 2,000 CFU/g (13 300 In the
current study, 6 RTE food samples exceeded 2,000 CFU/g,
and for 46 samples (0.3%), the official criterion ( 100 CFU/g)
was exceeded. Taking into account that a microbiological
challenge test to assess the growth potential of L.
monocyvtogenes i rarely conducted for RTE food products
in Estonia, it is highly recommended that RTE food business
opemtors start to follow the Lm technical guidance document
of the European Union Reference Laboratory for Listeria
monocytogenes (9, 131 for conducting shelf-life studies on L.
monocyvtogenes in RTE foods. This document provides
detailed and practical mformation on how to conduct shelf-
life studies on L. monocytogenes in RTE foods to ensure
conformance with the microbiological eriteria set out in
Article 3.2 of Regulation (EC) No 20732005 (10). In
addition, predictive microbiology and durability studies can
be wsed for the assessment of L monocvtogenes growth in
RTE foods with long shelf life ¢75).

Prevention of listeriosis demands a combined effort
through the entire food chain, from production to conswmp-
tion, including understanding of potentially high-risk foods
and risk mitigation possibilities. Based on the combined
data of prevalence and numbers of L monoovtogenes,
lightly salted and cold-smoked fish products can be
classified as potentially high-risk foods in Estonia, espe-
cially for people belonging to susceptible risk groups. Food
reformulation that limits the addition of antibacterial
ingredients such as salt i1s mmportant for the control and

prevention of certain noncommunicable diseases; neverthe-
less, food safety must be ensured.

In summary, this study showed that foods belonging o
certain RTE food catepories have high prevalence and
numbers of the pathogen and therefore represent a higher
food safety risk. Samples most often exceeding legal safety
limits were in the RTE salted and cold-smoked fish product
categories. The study revealed higher prevalence and
numbers of L. monocyvtogenes for salted and cold-smoked
fish products than a previous Estonian study from 2008 o
2010. It demonstrates the necessity (0 MCTEASE AWAMENEss
among RTE fish producers, food control institutions, and
susceptible risk groups. Furthermore, the present Estonian
surveillance svstem of human listeriosis and state surveil-
lance for L. monscyiogenes prevalence mn foods does not
include molecular characterization of isolated strains. This
strongly limits the capacity of epidemiological analyses and
makes effective foodborne outhreak detection impossible.
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Abstract: Itis a challenge for scientists to find new plant-based food constituents simultaneously
possessing antimicrobial and antioxidative properties to prolong the shelf life of meat products.
In this study, vanous plant powders and their blends were added to minced pork to carry out
a complex study of their effect on sensory charackenstics, microbial growth, and lipid oxidation
of the meat in raw and cocked forms during storage. Microbiological shelf life parameters were
evaluated by determining the total counts of microonganisms, yeasts, and molds. The growth potential
of Listeria monocytogenes was estimated by challenge testing. The impact on lipid oxidation processes
was assessed using thivbarbitunic acd reactive substances (TBARS) and high performance Liguid
chromatography (HPLC) methods, The results showed that the blend of rhubarb petioles and tomato
powder added a pleagant color and a combined taste to the product, similar to the taste of salt.
In raw samples, considerable microbial growth inhibibion was achseved with rhubarb petioles, tomato,
and their mixture, MNine treatments of cooked samples had a stronger inhibitory e ffect on microbial
growth compamed to control teatments. Among all plant powders, tomato was the most e ffective
inhibitor of yeast and mold growth. However, the challenge test revealed that L. monocytagenss growth
in cooked samples was not inhibibed during shelf life. In raw samples, rhubarb roots combined
with blackourrant or chokeberry bernes effectively inhibited hipid oxidation, and in cooked samples,
rhubarb petioles showed a similar effect. In conclusion, it was found that powdered plant materials
ame well suited for use as antimicrobial and antiowidative agents in minced meat products.

Keywords: blackcurrant berries and kaves; blue honeysuckle; chokeberry; rhubarb petioles and roots;
tomate; polyphenols; high performance liquid chromatography-mass spectrometry (HPLC-MS)

1. Introduction

Concerns megarding the safety and quality of processed meat products have consistently increased
consumer demands for meat products enriched with natural ingredients [1,2].

Minced meat 15 particularly sensitive to microbiological spoilage and chemical changes due to
the pogsible contamination with various microorganiems and elevated contact with oxygen A serious
problem in meat processing and storage is lipid oxidation, resulting in off-flavors, reduction in product
quality, decrease in nutrient value, and increase in health risks due to the formation of toxic compounds,
particularly by oxidation reactions [3]. The application of antioxidants is the best way to retard
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oxidation reactions and prevent the decline in product quality and shelf life. Several studies [4-5] have
investigated the effect of the use of natural antioxidants of plant origin for such purposes.

Nitrites ane widely used for meat curing, contributing to the development of the characteristic
flavor and pink color, serving as an anticxidant, inhibiting the growth of food spoilage bacteria,
and most importantly, controlling the growth of Closiridium botulinum [7]. Sodium chloride is
the most used additive in the meat industry due to its preservative and antimicrobial properties,
water mtention capacity, and meat flavor enhancement. Howewver, it 15 also known that salt acoelerates
lipid oxidation [5].

The use of plant extracts with established antimicrobial and antioxidative properties can be
of great significance in food preservation and for human health. Many plants ane rich sources of
flavonoids and phenolic and other organic acids, which act as both antioxidants and antibacterial
compounds [%-11]. However, sinae most of the studies have assessed the antiocidant and antimicrobial
effects of plant extracts only in vitro, the results cannot be directly applied to different food matrioes.
The information obtained from various studies 15 not always directly comparable because of the use
of different methods and the significant variations in the list of anticxidants, content, and activity
even between different cultivars. For example, polyphenols can possess varable antiovidant effects
depending on the possibility of synergic behavior when mived [12]. Since berries and tomatoes are
consumed without peeling, we can assimilate all useful compounds that ane mainly located in their
skin or underneath tissues.

In the course of our in vitro experiments [13], seven plant powders wene selected for further
stud s with meat matrices. Blackcurrant berries (Ribes migrum 1) ane known for their high content of
vitamin C, phenolic acids, anthocyanins, and other flavoneids. Blackcurrant leaves, that have been
used in sour pickled cucumber recipes since old times, contain vitamin C in lower amounts and are rich
in phenolic acids, catechins, and quercetin glycosides. Garden rhubarb petioles (Rheum rhapont icum L),
that has the lowest total phenolic content among the studied plant parts [13], contain phenolic acids,
cateching, anthocyaning, lavonols, and large amounts of organic acids, but have low vitamin C content
and may contain high levels of nitrate and nitrite ions [14]. According to Raudsepp et al [13], thubarb
roots, in contrast to petioles, have the highest total phenolic content, containing various hydroxystilbene
glycosides and anthraquinones with strong and versatile antibacterial effect [15]

Chokeberry (Aronia melanocarpa Elliott) berries contain five-fold less vitamin C than blackeurrant
berries but have a high content of p-carobene and anthocy aning, among which eyanidin gly cosides
most greatly contribute to the antioxidant activity of Aronia bernes [16]. The edible blue honeysuckle
(Lonicera cagrulen 1.) has dark purple-to-blue, oval few-seeded berries with a bitter-to-sweet
taste and delicious aroma, which ame rich in vitamin C f-carotene, and various phenolics.
Blue honeysuckle berries contain hy droxycinnamic acids equivalently to blackourrants, hy droxybenzoic
acids {with predominance of gallic acid), flavanes, catechins, and anthocyaning, in amounts comparable
to those found in chokebernes, and smaller amounts of flavonoels [12). Tomato (Sofamum [ycopersici m
L.} i a major source of Iycopene and other carobenoids and a good contributor of phenolic acids and
flavonmds to the human diet Sewveral authors [7,17-20] have eported the use of tomato paste or
powder i a varety of meat products.

The present study was aimed to compare the effects of plant powders and their blends on microbaal
growth, lipid oxidation, and sensory parameters in raw and cooked minced pork during a defined
shelf life and the effects of selected plant powders on the growth potential of Listeria monocytogenes
in cookied pork samples.

2. Materials and Methods

21. Sample Preparation

Minced pork of the same lot in modified atmosphere packages (producer AS HKScan,
Lasne-Virumaa, Estomia) was purchased. Fat content (27.9% £ 1.10%) and fatty acd compositon
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(incl. linoleic acid, 2.9 + 0.18 gf100 g) werne determined at the Estonian Vetennary and Food Laboratory.
The plant materials used in the study weme freese-dried using a VirTis AdVantage 2.0 EL freese-dryer
(5P Industries, Warminster, PA, USA), except for rthubarb roots and tomato, which wene dred thermally
at 50 °C in a dryer Binder FED 115 (Binder GmbH, Tutthingen, Germany). The dned matenals
were ground using a blender (StollagKinetix Control) and sieved using a laboratory sieve shaker
AS300 Control (Retsch GmbH, Germany ) with 2 mm mesh swe. Minced meat maivtunes with plant
powders and other substances (Table 1) were prepared in two batches. For uniform distribution,
minced meat and plant powders were thoroughly mived with a hand mixer Clatromic HM 2935
(Clatronic International GmbH, Kempen, Germany) for 3 min at speed level 1 using kneading hooks.
Minced meat without any addition was used as a control; rutin (quercetin rutinoside) and gallic
acid werne used as compounds representing two polyphenol classes (flavonoids and phenolic acids,
mespectively). Samples of 13 treatments wene shaped like meatloaves (300 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-stee] probe. Thereafter, the samples wen: cooled down
to room temperature, crushed with a fork, and thoroughly mived with the hand mixer. After each
treatment, stainless bowls, forks, and mixer hooks wene sprayved with ethanol and flamed to avord
contamination. The procedures wemne performed under the laminar-flow cabinet Kojair KR-130 (Kojair
Tiech Oy, Mantté-Vilppula, Finland). All samples were divided into sterile screw-cap jars and labelked
according to the storage days. The samples wemre stored at 4 +£1 °C and analyzed at days 0, 2, 4, 6, and
8 (microbiological analyses of raw samples only up to the 6th day). Chemical and microbiological
analyses were performed simultaneously in duplicate.

Table 1. Plant powders and other substances used in minced meat treatments. BC: blackeurrant, CB:
chokebarry, BHS: blue honeysuckle, B rhubark, GA: gallic acid.

Mo Abbreviation Composition
1 Meat (Control) Minced meat
2 Mal(l Minced meat with 1% sodium chloride
3 MaCl+MNaNOy Minced meat with 1% sedium chleride and 150 mg/kg sedium nitrite
4 Rroot+BCberries Minced meat with 1% rhubarb reot+1%: blackourrant berries
5 Rroot+BCleaves Minceed meat with 1% rhubarb root+1% blackeurrant leaves
& Rroot+CBherties Minced meat with 1% rhubarb reot+ 1% chokeberry berries
7 BCleaves+BHSberries Minced meat with 1% blackeurrant leaves+1% blue honeysuckle berries
8 Rpeticles+Tomato Minced meat with 1% rhubarb petioles+1% tomate
9 BHSherTies Mimced meat with 2% blue honey suckle berries
10 Rpeticks Minced meat with 2% rhubarb peticles
11 Tomato Minced meat with 2% tomato
12 Rutin Mimced meat with 80 mg/ke rutin
13 GA Minced meat with 80 mgfkg gallic acid

2.2 Sensory Evaluation

A nine-member panel (3 malkes, & females, consisting mainly of the research group members)
evaluated the sensory qualities (appearana:, odor, taste, overall acoeptanar) of the cooked meat samples
on the first day right after cooking. Only the first batch was used for sensory analysis. Tasting was
arranged in different sessions, comprising no more than seven samples per session to minimize “taster
fatigue” [21]. Samples with rutin and gallic acid were not evaluated. Water and white bread werne
offered between the testings of different samples. The pamel members were instructed to evaluate
the aforementioned parameters in a 5-point hedonic scale (5 = excellent; 4 = good; 3 = acceptable;
2 = fair; 1 = unacceptable) [7]. Addibonally, all panel members had the opportunity o keave their
comments and other observations. The overall acoeptability served as an indication of preference by
the panel, not of consumer acceptance [19].

95



Foods 2019, &, 661 dofls

2.3. Color Mensurement

The samples weme packed into plastic bags, and surface color measurements were performed
using an X-Rite 964 spectrophotometer (X-Rite Europe Gmbl, Switeerland). The illuminant Digs,
107 with 5% viewing angle and a 10 mm aperture was used. The values of L* (lightniss), a* (redness),
and b* (yellowness) were recorded (CIE Lab color system) three times in different aneas of the surface
of the samples on different storage days. Measurements were taken only of the first batch.

24, pH Determination

The pH values of the samples weme determined in homogenates composed of 1 g of sample and
9 mL of distilled water [22] Readings wem taken with a Consort C833 digital pH-meter (Consort,
Turnhout, Belgium) at room temperatune, and pH-meter calibration was regularly checked.

2.5, Determination of the Total Phenolic Content by HPLC-MSMS

The total phenolic contents (TPC) were determined as the areas under the HPLC UV-Vis
chromatographic curves at 280 nm {AUC:g;) between 1 and 21 min using an Agilent 1100 Series liquid
chromatography—tandem mass spectrometer (HPLC-MS/MS) (Agilent Technologies, Palo Alto, CA,
USA) with a UV-Vis diode array detector. The results wem caleulated using HPLC 2D ChemStation
software and expressed in arbitrary units (AU} The AUCu0 of the meat matrix was subtracted from
the respective sample AUCsg;. The chromatographic conditions are described in Chapter 2.8

2.6, Microbial Enumeration

EVS-EN IS0 4833-2:2013 standard “Microbiclogy of the food chain—Horzontal method for
thi enumerration of microorganisms—Fart 2: Colony count at 30 “C by the surface plating technigqus’
and EVS-150 21527-1: 2009 standard “Microbiology of food and animal feeding stuffs. Horizontal method
for the enumeration of veasts and moulds—Part 1: Colony count technique in products with water
activity greater than 0,95 instructions were followed. In short, 10 g of a sample was weighed into
a Stomacher bag and diluted with 90 mL of stenle, buffered peptone water (LAB204, Lab M, Lancashire,
UK} to obtain the initial 10-fold dilution. Samples were blended within one minute at 230 rpm using
a Stomacher™ 4N Circulator (Seward, UK). Plate Count Agar (FCA, LAB010, Lab M, Lancashire, UK)
was used for the enumeration of microorganisms, and Dichloran Rose Bengal Chloramphenicol (DRBC)
Agar (150) (LAB217, Lab M, Lancashire, UK) for the enumeration of yeast and molds. The surface
plating technique was used for both enumerations by transferring 100 ul. of the initial dilution and
further decimal dilutions onto the surface of the agar and spreading evenly. Before incubation at
the appropriate temperatures, the plates were kept for 15 min at room temperature. The PCA plates
wem incubated under aerobic conditions at 30 °C for 72 h, and the DRBC agar plates were incubated
at 25 °C for 5 days. After incubation, the colonies were counted, and the results were expressed as
decimal logarithmic units of microorganisms per gram.

2.7. Challemge Test

Challenge testing was performed at the Estonian Veterinary and Food Laboratory to assess
the growth potential (&) of Lmonocytogenes in cooked minced pork samples in accordance with
European Union Reference Laboratory for Listeria monocytogenes (EUEL L) Technical Guidance
Document for conducting shelf life studies on Lmonocytogenes in neady-to-eat foods (Version 3.6,
June 2014). Cooked samples (in the form of meatballs), treated with selected plant powders, wene
artificially contaminated using a syringe with the approximate concentration of 100 colony-forming
units [-:Eu-g‘l]n of mixture of two L monocytogenes strains (genoserotypes [ (12MOB045LM) and IV
(12MOBOSILM)). After artificial contamination, the samples were packed into sterile screw-cap jars
and kept in an incubator (Panasonic, MIR-154-PE, Hamburg, Germany) at? £ 1 “C. Three batches
of each meat sample were analyzed at storage days 0,7, and 14 Additionally to the numbers of
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L. monocytogenes, the total microbial count, pH, and water activity (a,, ) wem determined for each batch.
The growth potential of L. monocytoganes was determined on the base of the numbers of L. monocytogenss.

2.8. Determination of the Lipid Oxidation Level by HPLC-MSMS

In duplicate, 2g of stample was shaken with 4mL of methanol in a Bivsan Multi RS60 (BioSan, Riga,
Latvia) rotator for 30 min and centrifuged at 3200« g for 10 min using an Eppendorf S810K (Eppendort
AG, Hamburg, Germany) centrifuge. The supematant was extracted twice with 2mL of hexane to
remove fat. Hexane phases were discarded, and the methanol phase was passed through a C18 SPE
column (A gilent Technologies, Santa Clara, CA, USA) [23].

The main primary oxidation products of unconjugated linoleic (all-ci5-9,12-octadecadienoic)
acid (oxyliping) were identified and quantified by liquid chromatography-tandem mass spectrometry
(HPLC-MS5/MS5) on an Agilent 1100 Series system (A gilent Technologies, Palo Alto, USA) in the negative
ion mode. For the separation of the compounds, a reversed-phase column (Zorbax 3005B-C18,
2.1 = 150 mm; 5 um; Agilent Technologies) was used in a sfepwise mobile phase gradient of (.1%
formic acid and acetonitrile at the flow rate of 0.3 mL/min at 35 *C. The sample injection volume was
15 pl. For the detection and identification of substances, a 1100 Series LOMSD Trap-XCT detector
with electrospray ionization (ESI) interface was connected to the Agilent 1100 Series instrument.
The total oxylipin content {TOC) was determined as the area under the extracted ion chromatogram
(AUC 7)) of M52 fragment ions with mz = 171, characteristic for linoleic acid oxyliping formed by
the S-lipoxy genase-catalyzed pathway as well as by non-enzymatic oxidation.

2.9. Determination of the Lipid Oxidation Level by the Thioharbituric Acid Reactive Substances
{TBEARS) Method

The concentration of secondary eadation products of polyunsaturated fatty acds was estimated
using the 2-thiobarbituric acid (TBA) method described by Modze kwska-Kapitula [22] with some
modifications.  To 5g of the sample, 20 ml of 4% perchloric acid and 0.25 ml of butylated
hydrosytoluene (BHT) wemne added, and the mixtune was homogenized with a Heidolph DIAX
900 (Heidolph Instruments, Schwabach, Germany) homogenizer. The homogenates were filtered
through filter paper (Macherey-MNagel, Diiren, Germany), Then, 5 mL of 0.02M TBA was added to 5 mlL
of filtrate, heated in a water bath for 60 min at 85 °C, and cooked down with tap water. The absorbance
was measured at 532 nm using an Analytik]ena Specord2M specrophotometer (Analytikjena AG, Jena,
Germany ) against a blank containing 5 mL of 4% perchloric acid and 5 mL of 0.02M TBA solution.
Using a standard curve prepared with 1,1,3.3-tramethoxypropane, the results wemne expressed inmg
malondialdehyde (MDA) per kg of a sample.

210. Statistical Analysis

To evaluate the differences between treatments in sensory data, the generalived linear mixed
maxdel (GLMM), considering ficed effects of treatment and panehist, and random effect of session wene
fithed. The effects of treatment and storage time on the color measurements, total microbial counts,
yeast and mold counts, and TOC and MDA were studied with GLMM considering the fised effects
of treatment and time and the random effects of triple {color measurements) or batch and duplicate
(antimicrobial activity and fafty acid oxidation) variables. For all variables after modeling, the Dunnett’
post-hoc test was apphed to compare the treatments with meat {control). For each treatment, also
the average values (with standard errors) of pH and TPC wemne caloulated. The relationships between
the studied varables were tested with Spearman correlation analysis separately over all storage times
and on the last storage day. The presence or absence of correlations allowed discussing differences
between treatments and storage times. Raw and cooked meat were analyzed separately. All esults
were considered statistically significant at p = (L05. Statistical analyses were performed, and figures
wenr constructed using the Eversion 3.5.3 (R Foundation for Statistical Computing, Vienna, Austria).
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3. Results

3.1, Semsory Evaluation

The effect of the panelist was not statistically significant on any of the sensory traits (all p = 0.4),
and the random session effect considered less than 109 of the overall varability of any trait.

The highest acceptability, based on appearance (color), odor, and taste, was attributed to
the treatment with rhubarb{R)petiokes+tomato, since tomato added a vellowish-brown color to
the product, and the taste combination of tomato and rhubark petioles imitated the taste of table salt.
The treatment with 2% tomato powder had a pleasant odor and golden-orange color, but the taste
was not as likeable as that of the previous combination. Eyiler and Oztan [17] mported in their study
that the addition of tomato powder increased the acoeptability of tested frankfurters. Hayes et all [19]
found that luncheon rolls containing 50 mg of nitrite and 1.5% tomato pulp powder had very good
sensory attributes, and allowed reducing the nitrite levels by 50%.

The highest taste scomes weme obtained for Epetiokes+tomato, tomato, and NaCl+NaMNO; teatments,
and the lowest scores for Rroot+blackcurrant(BC)leaves, BCleaves+blue hone vsuckle{BHS)bernes, and
Epetiokes (Figure 1). While some of the panelists found the cooked minced pork (control) tasteless,
others even preferred that taste. The treatment with 1% of salt was generally peravived as very pleasant,
but some panelists would have preferred even less salt. The color of both the control and the meat with
salt was pale pink and was regarded as characteristic of minced meat. The NaCl+NalNOy, treatment was
described as very pleasantly pink-coloned, and its taste was evaluated similarly to that of the treatment
with salt In the Kroot+BCbherries treatment, yellow and purple colors were mived, which deemed
pleasant to the panelists, wheneas the taste was percerved as bitber-sour by some evaluators, though it
was generally well acceptable. The addition of rhubarb root together with blackcurrant lkeaves was
evaluated as sour, spicy, and herbal, characteristic of the vine leaf dolma {from the Mediterranean
cuisine ); the odor was characterized as herbal. The teatment with Rroot+CBberry was characterized
by a pleasant taste. The addition of blackcurrant leaves together with blue honeysuckle berries was
again characterized as the taste of dolma; however, for some of the panelists the taste, colon, and odor
were slightly unpleasant. BHSberries treatment had too sour taste and odor, and the purple color
seemed too intense. Likewise, the addition of 2% rhubarb petioles tasted too sour. All berry pow der
treatments mesulted in a purple color, which was not as well liked as the yellow-orange-golden color
that was obtained with the addition of thubarb root or tomato. The panelists rated the treatments with
blackcurrant leaves as those with the least pleasant taste and odor and the lowest overall acceptance.
The green color was megarded as less likeable. If plant powders will be used in production, the customers
need to be trained to expect a purple or green color in meat products.
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— Teste —— Odour - Appearance
Overal acceptance

Figure 1. Sensory evaluation results of cooked samples; superscripts §, $, and # denote treatments
with statistically significant difference from untreated meat in taste, odor, and overall acceptance,
respectively. BC: blackcurrant, CB: chokeberry, BHS: blue honeysuckle, R: rhubarb, GA: gallic acid.

3.2. Color Measurements

Consumers pay a great attention to minced meat color before they decide whether to buy
a product. In our study, all added plant powders changed the color of minced meat depending on what
pigments they contained (blackcurrant keaves—chlorophyll, rhubarb roots—anthraquinones, blue
berries—anthocyanins, tomato—lycopene and other carotenoids). Changes in the L*, a*, b* values
are shown in Figure 2. On an average, the tomato powder added the highest values to redness
and yellowness and simultaneously reduced the color lightness. The same effect was reported by
Deda et al. [7], Eyiler and Oztan [17], and Hayes et al. [19]. Lycopene, as a lipophilic compound,
colored the fat in minced meat to a pleasant golden-orange.

(A) Raw

Tomato®**

Rute

Figure 2 Changes in the color of the raw (A) and cooked (B) meat samples of subjectad to different
treatments; superscripts §, §, and # denote treatments with statistically significant difference from
untreated meat in L*, a*, and b*, respectively. For better visual clarity, the redness (a*) and yellowness
(b*) values were multiplied by four and two, respectively.

Berries of blue honeysuckle, chokeberry, and blackcurrant added redness but also reduced color
lightness, giving a darker purple color to the meat The combination of salt with nitrite slightly
lowered the L* and b* values and increased the a* value, resulting in the characteristic cured-meat color.
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Rhubarb petioles added color lightness and yellowness and reduced redness, resulting in a pale color
of the meat. Rhubarb roots, especially in combination with blackcurrant keaves, added vellowness to
the meat. No statistically significant changes wene observed in the color variables during the eight-day
refrigerated storage period in both the raw and the cooked samples (all p = 0.1).

3.3. Changes in pH Values

The addition of any plant powder resulted in a decnease of the initial pH (5.65 + 0L06) of minced
meat. The results are shown in Figure 3. Rhubarb petioles caused the biggest pH drop (fo 4.38 £ 0.01)
when a 2% powder was added to the meat The pH remained low (4.54 £ 0.02) in the treatment with
1% Rpetioles and 1% tomato powder. A considerable decrease in pH was also observed in the case of
blue honeysuckle (0.4-0.99 umits) and blackcurrant bernes {0307 urats). In all cooked meats, the pH
values wene about 0.2 units higher. During the whole storage period, the pH of raw and cooked treated
meat emained stable (standard errors 0000-0.14), which allowed marking the pH values in the figumnes
as short horizontal lines,
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Figure 3. Total microbial counts {columns) of raw and cooked samples subjected to different reatments
after storage times of 0, 2, 4 & (raw) (A) and 0, 2, 4, 6 & days (cooked) (B). The short horizontal lines
(settled according to the secondary vertical axis) show the average pH and total phenolic contents (TPC)
over storage times (standard errors for pH vary in interval 0.01-0.05, and those for TPC in the interval
0.00-0.05 % 10*). The treatments are ordered aceording to the value on the last storage day, separaely
for raw and cooked samples. The values on the first and the last day ame presented numerically; control
(meat) samples ane marked with a grey background, and the stars (*) denote the treatments with
a statistically significant difference with mespect to control (meat) for the average level of microbial
counts over storage times (p < 0,05, Dunnett post-hoe test). The dotted lines denote the acoeptable
limits of total microbial counts on the last day of storage in the raw (5.60 log cfu-g ') and cooked
(5.0 log cfu-g~1) meat, mspectively. Abbreviations are presented in Table 1.

BHSbemes
BHSbemies
MaCl
Froats
Eleaves

B leaves+
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34. Total Phenolic Content

On an average, the highest TPC was found in the thmee treatments in which rhubarb root powder
was combined with chokeberries, blackeurrant leaves, or berries (Figures 3-5). Comparing the two
treatments with blue honeysuckle berry powders, the TPC was slightly lower in the blend with
blackcurrant leaves. The lowest TPC was found in the samples treated with 2% rhubarb petioles.
A very small difference in TPC was observed in the sample treated with the combination of 1% rhubarb
petioles+1% tomato and in that treated with 2% tomatoe powder. TPC was not remarkably affected by
heat treatment and remained similar in raw and cooked samples.

3.5. Antimicrobial Activity

The total counts of micmorganisms provide vseful information to aggess the microbiological
quality of food and its shelf life. In this study, the aerobic plate count method that counts the numbser
of mesophilic microorganisms growing under aerobic conditions was used. In general, total microbial
counts incmeased steadily in most of thee raw samples during the defined storage period of 0 to 6 days
(Figure 3A). On day 0, the number of microorganisms in the tested raw samples was on average
3.31-4.49 log cfu-g~! and increased to the level of 3.92-7.41 log cfu-g~! by the sixth day. It is known
that microbial counts in meat products may often neach 6-8 log cl"u-g'] [24]. Howvever, the Commission
Regulation (EC) Mo 20732005 establishes microbiological criteria for foodstuffs including process
hy giene criteria for raw minced meat Microbiological criteria have been set for aerobic colony count,
with the limit of 5 x 10% c['u-g'] as the maximum number of microorganisms in two of five units of
the samples. For the remaining three subsamples, the limit for aerobic colony count is 5 10° chug .
Taking into account the official limits, it can be deduced that at the end of the defined storage period,
the limits were exceeded in most raw samples, except for those treated with Epetiokes, NaCl+MNaNOg,
and Rutin (Figure 3A).

In the present study, the powder of Epetioles appeared to be the most effective inhibitor of
the growth of aerobic mesophilic microorganisms in raw minced pork (Figure 3A). The number of
microonganisms inceased only from 3.31 to 3.92 log cf'u-g'l by the sixth day. This grow th inhibitory
effect can be explained by the biggest drop in pH that made the environment unfavorable to microbial
growth [25]. Also, this can be partially explained by the content of nitrates [14] that can be converted
to nitrites in samples treated with Rpetioles. The effect of pH on microbial counts was observed only
in some treatments. In spite of the low pH, BHSberries wene ome of the less effective bacterial growth
inhibitors in raw minced pork (Figure 2A). A moderate positive cormelation (r =053, p= 0.034 in raw
samples and r = 0,66, p = 0.005 in cooked samples) between the aerobic colony count and pH was found.

Compared to the raw samples, larger differences in total microbial counts were observed in cooked
samples (Figume 3B). On day 0, the number of microorganisms ranged between 2.0 and 3.01 log cfu-g'l,
but depending on the sample composition, numbers varied largely from 170 to 7.93 log cﬁ.l-g'l
by the eighth day of storage. Rutin and NaCl+MNaMNO; were the most effective microbial growth
inhibitors in cooked samples. Companed to the control, seven treatments (including Tomato, Rpetioles,
Epetinles+Tomato, and Rroot+BCherries) were significantly (p < 0.05) more effective against microbial
growth during the storage period (Figure 3B). The total number of microorganisms in all these
treatments remained within the range of 17-2.56 log cl"u-g'l by the end of the storage period. It was
found that compared to the control, many treatments resulted in significantly (p < 0.05) lowser average
kevels of microbial counts over storage time (Figure 34, B).

In this study, the plant materials were incorporated into minced meat in the form of a powder.
It was found that especially the powdered plants were well suted for minced meat, as they are easily
and uniformly mixed together. Them are also other options for adding natural ingredients to meat
products, such as the use of marinades with added plant materials. However, Bjorkroth [24] found that
marinating did not increase the shelf life of meat products, because of the buffering capability of meat
which meutralized the acidic marinade and resulted in the dissociation of ipophilic acids. This was
the main reason why the plant powders were directly mived with minced meat in the present study.
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The changes in yeast and mold counts of raw samples during refriperated storage are shown
in Figure 4. Theinitial counts of yeasts and molds wene between 2.09 and 3.68 log Eﬁl'h"_] . The high initial
yieast and mold counts wene caused by natural contamination of the plant powders, as no sterilization
of the plant materials was applied. In a majority of samples, the initial counts increased steadily
by the sixth day of storage, with the exception of samples treated with GA and Tomato. Thereforne,
a control measure, e, irradiation, should be applied, which eliminates or significantly reduces
microbial contamination without affecting the beneficial properties of plant powders. No official
criteria for yeast and mold counts in raw minced meat have been established, but the 4.0 log cl"l.l-g'l
limit at the end-point of shelf life was set in the present study. The mesults showed that by the last
day of storage, this limit was exceeded in seven treatments (Figure 4). Interestingly, a slight decnease
in yeast and mold counts was observed in samples treated with tomato (from 2.27 to L85 log 1:["|.|-p;;'1
on the second day), NaCl+NaNO; (from 2.09 to 1.85 log, cl"u-g'l on the fourth day), and gallic acid
(from 2.20 to 1.85 log |:l"|.|-|.;'] on the fourth day). Also, these treatments showed a strong antimicrobial
effect against aerobic mesophilic microorganisms. The highest yeast and mold growth inhibition was
detectrd in samples treated with GA, Tomato, NaCl+NaMNO,, Rutin, Epetoles, and NaCl, in which
ther set limit was not exceeded at the end of storage.

Tetal phenolics, ¥10 !

Yeast and mould counts, Log cfu g !
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Rircat+
Blleaves
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EC barries

Figure 4 ‘Yeast and mold counts (columns) and TPC (short horizontal lines, in arbitrary units;
the standard errors for TPC vary in interval 0.00-0.05 % 10%) of raw minced pork samples subjected
to different treatments after storage time of 0, 2, 4, 6 days. The dotted line denotes the acoeptable
limit of yeast and molds on the last day of storage. Treatments ame ordered according to the value
on the last storage day; the values on the first and the last day are presented numerically; control {meat)
is marked with a grey background, and the stars (%) denote the treatments with a statistically significant
difference from control for an average level of yeast and mold counts over storage times (p < 0.05,
Dunnett” post-hoc test). Abbreviations ame presented in Table 1.

In the cooked samples, the veast and moeld counts mostly remained below the limit of detection
(100 cfu-mL'). Only in the samples containing NaCl and NaCl+NaNO,, the total yeast and mold
counts ranged from 100 to 200 cfu-g_] during the eight-day storage period. Very low yeast and mold
counts can be explained by the efficient thermal processing that eliminated most of the yeasts and
molds in cooked samples, which, in turn, fadlitated the growth of agrobic mesophilic microonganisms.

In general, in many samples, plant powders iduced the mezophilic microorganism counts ag
well as yeast and mold counts compared to the control during a defined storage period, which suggest
different inhibition mechanisms. The findings showed that the effect of polyphenols was modiest.
Petioles, which had the lowest total polyphenols levels, showed the strongest inhibition ability of
microbial growth in both raw and cooked samples.

Yeast and mold growth was properly inhibited in samples containing pumne chemical compounds
(GA, NaCl, NaCl+NaNO;, Rutin). Despite its low polyphenol content, the inhibition effect was
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memarkable in tomato-treated samples. Incontrast, the samples comtaining berry pow ders demonstrated
mlatively high counts of mesophilic microbes, veasts, and molds. In the case of raw samples, this is
probably related to the high initial comtamination of the plant materials (Figure 4). In addition, even
if the meat samples enriched with berry powders contained the highest levels of polyphenols, litthe
microbial growth inhibition was observed. This contradiction can be explained by a nutritive effect of
the powders for different microorganizms. The latter alzo explains the positive cormelation between
TPC and the total veast and mold count (r = 0068, p = 0004), as well as between TPC and the total
microbial count in raw {r= 0,69, p= 0.003) and cooked (r= 0.75, p < 0.001) samples.

In this study, BCleaves had no inhibitory effect on microbial growth, Our previous in vitno
study [12] found that petiokes and the roots of garden rhubarb had a high antibacterial and antioxidative
actvity and suggested them as good candidates to use in meat products. Obviously, not always
the promising results of in vitro studies are repeatable in food matrices. Rhubarb roots, that had
a strong in vitro antimicrobial effect, showed a moderate or even weak effect in the present study.
This can partially be explained by the findings of Gyawali and [brahim [26], who showed that in food
matrices, many bicactive compounds are bound to the hydrophobic moleties of proteins and lipids,
which restncts the availlability of these natural antimicrobaals.

In addition to the antimicrobial and antioxidant effects, the sensory properties of treated foods
should also be taken into account. Frequently, high concentrations of certain plant powders ame
organoleptically unacceptable in meat products. However, our mesults are in a good agreement with
Tiwan et al. [27], who found that in optimal concentrations, natural antimicrobials can mactivate
microorganisms, without impairing the organoleptic properties of food.

3.6, Challenge Test

The results of the challenge test (Table 2) showed that the grow th potential of L. monocytogenes
waz high in all cooked meat scamples. [t can be concluded that plant powders alone are incapable
of inhibiting the growth of L. monocytogenes in meat products prepared without food additives, e.g,.,
preservatives. The growth potential values obtained for L. monocytogenes indicate that post-heat
treatment contamination of meat products enriched with plant pow ders must be avoded. To ensune
microbiological food safety of similar meady-toeat meat products that support the growth of
L monocytogenes, the absence of the pathogen in 25 g of sample is required before the food has left
the immediate control of the food producer Relatively short shelf hife should be applhed addibionally
to the kegal himit (not detecked in 25 g).

The Rpetioles+Tomato powder did not stop the growth of L. monocytogenes but had the strongest
inhibitory effect on the growth of this backerium compared to other samples. Generally, low total
microbial counts were determined throughout the storage peried in the challenge test, but this could be
due to the high concentration of L. monocytogenes and the related competition effect within the microbiota.
It was found that cooked minced pork enriched with selected plant powdérs can support the growth
of L. monocytogenes. The calculation of the maximum growth rates, based on the values obtained
in the challenge fest, revealed that cooked meat samples enriched with selected plant powders were
abk: to support the growth of L. monocytogenes. Therefore, “zero tolerance” for Lo monocytogenes
in such meat products shall be established, in accordance with the food safety criteria laid down
in the Commaisgion Regulation (EC) Mo 20732005 on microbiclogical criteria for foodstuffs.
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Table 2 Fesults of the challenge test.

Storage . Total Count Growth Potential
Sample H * Water Acti *
mp Day P ater Activity * a,, fefug ) & (log chug 1) **
] £.19 £ 0021 0956 = (L3 2
Meat 7 6.1%9 = 0.021 [IRH.) 22 % 107 572
14 £.19 = 0LO07 0982 = 0001 9.4 x 107
o 617 0572 = 0001 =1
MalCl+MaMNO, 7 6.22 = 0.014 0976 = 0001 7.5% 10 5497
14 6.18 = 0007 04976 =1
] 5.56 = (L0Z1 0,985 ]
Epetioles+ Tomato 7 5.50 = 0.014 0984 2 454
14 5% 0982 = 0001 4
0o 5.66 = 0.014 0984 f.1 = 107
Rroot+BCberries 7 5.68 = 0L0OF (L9583 = 0001 4.5 10 5.30
14 571 0981 71100
] 590 £ (L7 0,983 3
Tomato 7 584 = 0.00F 0982 2 567
14 5.85 = 0.7 0978 = 0L001 1

* Values are mean £ S0 (standard deviation) obtained from analyses performed in duplicate. Zero 50 values ane
not shown, ** When § = (05 log chug !, the food is classified as “ready-to-eat food able to support the growth

of [ monocyogenes".

3.7. Fatty Acid Oxddation

The free polyunsaturated fatty acids (PUFA), especially linoleic acid (LA), ae prone to
(periowidation by chemical, enzymatic, and combined routes [4.28]. During oxidation, varous
toic compounds, particularly leukotoxin diols and aldehydes, are formed that substantally reduce
the quality and safety of meat products. Chadation starts with the formation of acid hydroperoxides
and continues in two main phases which comprise a number of steps, different enzymes, and free
radicals. Throughout the first phase, the hydrocarbon backbone of LA remains intact, and oscvgen
atom(s) are hinked by double bond(s) to sequentially form a set of various oxylipins.

During the second phase, aldehydes and other toxic foulsmelling breakdown products of
oxylipins ame formed [29]. The thiobarbituric acd reactive substances (TBEARS) test i1s generally used to
determine the content of MDA, one of the principal secondary products of lipid occdation

D #0 the different mechanisms of their antiosadant effects, the plant powders used in the present
work behaved differently in the raw (Figure 5A,C) and cooked (Figure 5B,1)) samples. While various
enzymatic and chemical mechanisms ane usually competing witheach other in raw meats, the enzymatic
routes of PUFAs oxidation ane excluded in cooked samples. In the first case, inhabitors of oxidation
enzymes (lipoxygenases, cyclooxy genases, CYP450), as well as free-radical scavengers, ferric 1on
sequesterers, ete., have their role in the extremely complicated antioxidant effect of plant mixtures.
The values of the TOC, MDA, and TPC in the raw and cooked samples are presented in Figune 5.

In the raw samples, whem énsymatc and chemical mechanisms are intertwined, GA,
MaCl+MaMN(;, Rutin, Rroot+CBberries, and Rroot+BChernies appeared to be the most effective
inhibitors that guaranteed lower TOC kevels companed to the control throughout the entire storage
period, (Figume 5A). The last two blends contained potent free-radical scavengers (anthocyvanins)
from the bernes [30], as well a2 a number of antioccidants (polyphenols) from rhubarb root, like
hydroystilbenes, preeatannol glucoside, and gallogly cosides of piczatannol, resveratrol, rhapontigenin,
and deoxyrhapontigenin, as well as resveratrol dimers [13,15,31]. Flavonoids are known to inhibit
oidation chain initiation and prevent chain propagation through metal chelation or free-radical
scavenging mechanigms, whereas phenolic acids act as antioxidants via free-radical trapping
mechanisms [32]. The actual mechanism may depend on the concentration of the antioxidant
and the tvpe of free radical The structural feature, responsible for the antiocdadative and free-radical
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scavenging activity of gallic acid consists of three adjacent hydroxy] groups. The antioxidant activity
of gallic acid is based on a single-electron transfer mechanism [33].

Cooked

Total phenolice, 1007

Taln! pranaics, s10°"

. E,;gi;;gi:ia : jii ijd o) J;;giijfh%;gj, 1§3¢

Figure 5. of total oxylipins (TOC) (A and B) and malondialdehyde (MDA) (C and D) in raw and
cooked minced pork teated samples after storage times of 0, 2, 4, 6, & days. The teatments are ordered
according to the values on the last storage day separately for each sub—ﬁgl.ue; control (meat) is marked
with a grey background; the stars (*) denote the treatments with statistically significant diflerence
from control for an average levels of TOC or MDA content over storage times (p < (.05, Dunnett”
post-hoc test). The short horizontal lines (settled according to the second vertical axis) show the average
TPC over storage time by treatments (standard errors 000005 = 10%). Abbmeviations am presented
in Table 1.

In the raw samples, higher TOC values companed with the control wene associated with seven
treatments. This promoting effect can be linked wath the hagher aodity of these midures compared to
other plant powders used in the tests, which may promote oxidation of PUFAs [4]. The higher TOC
values in the samples teated with BCleaves, tomato, and BHSbernes can also be explaimed by LA
oxylipins originating from blackourrant kaves or tomato seeds [34] and cuticles, rich in unsaturated fatty
acids, particularly linokeic acid. Compared to chokeberry and blackourrant berries, blue honeysuckle
berries do not contain delphinidin [13], which possesses a slightly higher antioxidant activity than
cyanidin, owing to the presence of vicinal OH groups [35]. Altogether, tomato, rhubarb petioles, and
blue honevsuckle berres exerted a pro-oadatve effect mo meat moctures (high TOC and MDA values,
Figum 5A,C). However, the highest TOC values wene megistered when NaCl was added to minced
pork. Mariutt and Bragagnolo [8] have reported studies whene NaCl acted as a pro-oxidant agent
in meat and meat products, probably because of its capacity to disrupt cell membrane integrity, liberate
irom ions from iron-containing molecules, and/or inhibit the activity of antioxidant enzymes.

At the same time, the BCleaves+BHSberries treatment was assodated with a several-times
lower MDA value than the treatment with 2% BHSbernes (Figure 5C). This can be explained by
the presence of powerful in vitro antioxidants, e.g., catechin gallate, chloropgenic acid, myricetin,
and quercetin glycosides in blackcurrant keaves [13,36] that help slow down the oxidation processes
in the second phase of cvddation. This can also be explained by the influence of environmental
acidity on the predominant structural forms of anthocyanins present in the micture [37]. At pH 5,
anthocyanin mokecules are predominantly in the form of pseudobases, lacking a conjugation sy stem
over the molecule, which is necessary for the formation of a stable secondary radical after scavenging
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very reactive oxygen radicals. However, at pH6, anthooy aning are preferably in the form of chaloones,
characterized by the presence of continuous resonance structures involving all nine double bonds.
A strong negative cormelation (r=—074, p = 0.001) between pH and MDA content was established.

Concerning the second phase of linoleic acid oxidation in both raw and cocked samples,
thir lowest MDA levels (Figume 5C.10) were obtained for the treatment with Rroot+CBberries, the only
treatment characterized by decreasing MDA values during the storage period. This phase of oxidation
was effectively inhibited by the three treatments containing rhubarb root, and the treatment with
BCleave+BHSberries (Figure 5C). While the treatment with Rroot+BCleaves kept the oxidation kevels
stable throughout the storage period, the treatment with Rroot+BChernes efficently inhibited the fatty
acid oxidation rate on the first day but did not prevent its slow increase during the following
storage days. Similar oxidation levels and an upward trend weme observed in samples treated with
NaCl+NaMNOy. Rutin kept the MDA levels slightly higher with respect to the control but stable during,
the whole storage period. Gallic acid appeared to be efficient on the first days, but after the fourth day,
the MDA content began to increase. Tomato and Rpetioles, either separately or in a blend, promoted
oxidation. BHSberres, when 2% of powder was incorporated in the minced meat, promoted lipid
oxidation, but BCleaves+BHSberries effectively inhibited MDA formation Although NaCl+NaNOs
retarded the oxidation process, the highest lipid oxidation level was megistered in samples treated with
MNaCl (Figure 5C). An overall strong negative correlation was observed between the TPC and PUFA
(perjoxidation markers: the total oxylipins content {r = —0.69, p = 0.003) and MDA content (r = —0.90,
p < (L1} that charactenze the main oxidation phases in raw samples.

In the thermally processed samples (Figure 5B,D), whene only chemical oxidation occurned,
Epetioles, and Rhubarb root blended with chokeberry berry, blackcurrant berry, or blackcurrant
keaves weme among the strongest inhibitors of the formation of primary and secondary oxidation
products of LA Only in some treatments, the TOC and MDA values were higher than in the control.
Comparing the effectiveness of Rpetioles, Rpetioles+tomato, and tomato, the TOC and MDA values
wene the highest in samples treated with tomato powder along, reduced by a half when Rpeticles wene
added to the tomato powder, and the lowest in the treatment with Epetioles alone. Like in the raw
samples, significant lipid oxidation processes occurred in the meat containing salt. Surprisingly,
the antioxidative effect of rutin and gallic acid was not as strong in cooked samples as in the raw omes,
although their concentration did not decrease substantially during cooking.

3.5, Antimicrobial and Antioxidant Effect

The plant powders acted differently in raw and cooked samples and, in several cases, also during
the first and second phase of lipid oxidation (Figure 6). Several cooked treatments, represented by
the black dots locating in the left comer of Figure 6A, had lower TOC values and total microbial counts
compared with the control (meat). The teatment with NaCl strongly differentiates from the others,
showing the highest TOC and MDA values in both raw and cooked samples. Also, the inhibition of
microbial growth wasvery weak. However, NaNO; and NaCl together exhibited a strong antimicrobial
effect. Both im raw and cooked treatments, incorporation of BCleaves resulted in high microbial loads,
but the oxidation process was inhibited when BCleaves weme mixed with Rroot Furthermore, when
BCleaves were mixed with BHSberres, a weak inhibitory effect on microbial grow th was observed.
BHSberries alone (2%) had a much stronger antimicrobial effect in the cooked samples, and the MDA
content remained stable in both raw and cooked samples.
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Figure 6 Association between the content of (A) TOC and (B) MDA and total microbial counts
{Log cfug '} in raw and cooked minced pork on the last storage day, depending on the treatment.
Each dot marks the average values of raw and cooked minced pork samples comesponding to the same
treatment and is joined with a line (shorter lines indicate higher similarity between raw and cooked
minced pork samples for that treatment). Control (meat) samples ame denoted with bigger symbols; for
other treatments, different line styles and colors are used to facilitate their distinction (same line styles
and ¢olors are used for the same treatments in Figure 64, B). Abbreviations ame presented in Table 1.

Gallic acid and rutin behaved almost identically. Both had a higher antimicrobial effect and led to
slightly lower TOC values compared with control but, in the cooked samples, they strongly promoted
the formation of MDA in the second phase of the oxidation process (Figume 68). Rroot+CBberries showed
to be highly effective oxidation inhibitors, keeping TOC and MDA level low. However, the inhibitory
effect on microbial growth of this combination was relatively weak. Rpetioles+Tomato, Tomato, and
Epetioles showed a similar inhibitory effect in the cooked samples, whereas Rpetioles alone had
the highest inhibitory effect on microbial growth in the raw samples. The TOC values for Tomato (29%)
woemne twice as high compared to those for Rpetioles+Tomato (1% + 1%), due to the increased amount
of tomato powder incorporated (Figure 6A). Rpetioles alone (2%) showed a high inhibitory effect on
microbial growth in both raw and cooked samples and was among the most effective inhibitors of
the cvidation proaesses in the cooked samples.

4, Conclusions

It was rather complicated to find plant mixtures that simultaneously suppress microbial growth
and lipid oxidation in the meat products studied. Plant powders used in this work showed different
behaviors in raw and cocked samples and during the different phases of lipid oxidation.

Epetioles showed an inhibitory effect comparable with that of NaCl+NaNO; in raw samples.
Tomato, Bpetiokes, and their combination, as well as Rroot+BCherries and BHSberries had a similar
microbial effect in cooked samples. Tomato was found to most effectively inhibit the growth of yeasts
and molds, having an antifungal effect similar to that of NaCl+MaMNO;. The challenge st revealed
no effect om the growth potential of L monocytogenes. Nevertheless, in gix treatments out of eight,
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the addition of plant powders to meat helped prolong the shelf life of the products by keeping the total
microbial counts low. The addition of a small amount of salt resulted even in a shorber shelf life from
both the microbiological and the chemical point of view.

The strongest antiowidant effect was attained with chokeberry or blackeurrant berries
in combination with rthubarb root.

It must be highlighted that the combination of rhubarb petiokes with tomato provided an attractive
color to meat/fat and a pleasant taste even without added salt. This combination of plant powders is
promising for developing meat products of improved quality and with reduced salt content.

Author Contributions Data curation, TK.; Formal analysis, DA, LK, PR, MR and KM.; Supervision, T.F. and
M.E.; Writing—original draft, all authors.

Acknowledgments: This research was financally supported by the EU ERA-NET SUSFOOD project “Sustainable
plant ingredients for healthisr meat products—proof of concepts" (SUSMEATPRO) and the Project PIS0ZFOVLTR
of the Estonian University of Life Scences.

Conflicts of Interest: The authors declare no conflict of interest.

References

1L AlZomeky M5 Antimicrobial activity of pomegranate (Punios granafum L) fruit peels. Inf. [ Food Miorobiol.
2009, 134, 244248, [CrossHef] [PubMed)

2 Sultana, T; Rana, |.; Chakraborty, 5.5; Das, KK Rahman, T.; Noor, R Microbiological analysis of common
preservatives used in food items and demonstration of their in vitro antibacterial activity. Asim Pac |
Trop. Dis. 2014, 4, 452-456. [CrossRef]

3. Lomneo, [ M; Pateiro, M.; Domingues, K; Barba, E]L; Pumnik, F; Kovatevié, DB Shpigelman, A; Granato, D
Franco, 1. Berries extracts as natural anticeddants in meat products: A review. Food Bes Int. 2018, 106, 1095-1104.
[CrossBef] [PubMed]

4 Gahriie, HH.; Hosseini, 5.M.H.; Taghavifard, M.H.; Eskandari, M H.; Golmakani, M-T.; Shad, E. Lipid
oeddation, eolor changes, and microbiological quality of frozen beef burgers incorporated with shirazi thyme,
cinnamon, and rosemary extracts. Hindmpi [ Food (ual 2017, 6350156 [CrossRef]

5 Kumar, Y; Yadav, D.N.; Ahmad, T.; Narsaiah, K. Becent trends in the use of natural anticxidants for meat
and meat products. Cowpr. Ber. Food Sci. Food 5af. 2015, 14, 796-812. [CrossHef]

b Weiss, |; Gibis, M.; Schuh, V.; Salminen, H. Advances in ingredient and processing systems for meat and
meat products. Meaf Sci. 2010, 86, 196-213. [CrossHef] [PubMed]

7. Deda, M5; Bloukas, |.G; Fista, G.A. Effect of tomato paste and nitrite level on processing and quality
characteristics of frankfurters. Meat Sci. 2007, 76, 501-508. [CrossRef]

8. Mariutti, LEB.; Bragagnolo, N. Influence of salt on lipid oxidation in meat and seafood products: A mview.
Food Res. Int. 2017, ¥, 90-100. [CrossRef]

9. Pisoschi, A.M.; Pop, A; Georgescu, C; Turcus, V.; Olah, NLK; Mathe, E. An overview of natural antimicrobials
role in food. Enr. | Med. Chene 2018, 143, 922-935. [CrossRef]

10, Raudsepp, P; Anton, 10; Roasto, M.; Mememie, K; Pedastsaar, P; Miesaar, M.; Raal, A; Laikoja, K.; Pikssa, T.
The anticxidative and antibacterial properties of the blue honeysuckle (Lanicera caeruli L), Siberian rhubarb
{Fhewm rhaponticim L) and some other plants. Food Confrol. 2013, 31, 126-135. [CrossHef]

11.  Taguri, T; Tanaka, T.; Kouno, I. Antibacterial spectrum of plant polyohneols and extracts depending upon
hydroecy phanyl structune. Bigl. Pharm. Bull 2006, 29, 22262235, [CrossEef] [PubMed]

12, Jurikowva, T.; Rop, O Micek, |; Sochor, |L; Balla, 5.; Szekeres, L; Hegedusova, A.; Hubalek, [; Adam, V;
Kizel, R Phenolic profile of edible honeysuckle barries ((Gems Lonicera) and their biological effects. Moleoules
2012, 17, 61-79. [CrossBef] [PubMead)

13, Raudsepp, P; Koskar, [.; Anton, I; Meremde, K; Kapp, K.; Laurson, F; Bleive, U.; Kaldmase, H.; Roasto, M.;
Piissa, T. Antibacterial and antioxidative properties of different parts of garden rhubarb blackcurrant,
chokeberry and blue honeysuckle. | So. Food Agric. 2019, 99, 2311-2320. [CrossRef] [PubMed|

14.  Colla, G; Kim, H-].; Ky riacou, M.C.; Rouphael, ¥. Nitrate in fruits and vegetables. 5o, Horfic. 2018, 237,
221-238. [CrossRet]

108



Foods 2019, &, 661 17 0f18

15.

16.

17.

19.

71

4

2h.

2B.

31

32

33.

35.

Piissa, T.; Raudsepp, P; Kuzina, E.; Raal, A Polyphenclic composition of roots and peticles of
Rhewm rapmtioem L. Phytocken. Anal. 2009, 20, 98-103. [CrossFEef] [PubMed)]

Gironés-Vilaplana, A.; Valentio, P; Andrade, PB; Fermms, F; Momno, DA Garcia-Viguera, C.
Phytochemical profile of a blend of black chokeberry and lemon juie with cholinesterase inhibitory
effect and anticeddant potential. Food Chen 2013, 134, 2090-2096. [CrossRef] [PubMed]

Eyiler, E; Oztan, A. Production of frankfurters with tomato powder as a natural additive. LWT Food
Sci Technol. 2011, 44, 307-311. [CrossRef]

Garcia, M.L; Calvo, MM,; Selgas, M. Beef hamburgers entiched in lycopene using dry tomato pesl as
an ingredient. Meaf Sci 2000, 53, 4549, [CrossRef]

Hayes, |.E; Canonico, L; Allen, P Effects of organic tomato pulp pow der and nitrite level on the physicochemical,
Extural and sensory properties of pork luncheon roll Meaf 5cL 2013, 95, 755-762 [CrossHaf]

Savadkoohi, 5; Hoogenkamp, H.; Shamsi, K ; Farahnaky, A. Color, sensory and textural attributes of
beaf frankfurter, beef ham and meat-free sausage containing tomato pomace. Meaf S50, 2014, 97, 410418,
[CrossEef]

Zhang, ¥.; Holman, BW.B,; Ponnampalam, EMN.; Kerr, MG Bailes, K.L.; Kilgannon, A K.; Collins, 1
Hopkins, ML Understanding besf flavour and overall liking traits using two different methods for
determination of thicbarbituric acid reactive substance (TBARS). Meat Sci. 2019, 149, 114-119. [CrossRef]
[PubMed]

Modzelewska Kapituta, M. Effects of tomato powder on colour, lipid axddation and sensory properties of
comminuted meat products. [. Food Cual. 20102, 35, 323-330. [CrossRef]

Pitssa, T.; Raudsepp, P; Toomik, F; Pillin, B ; Mieorg, U; Kuusik, 5; Soidla, B ; Rei, M. Study of oxidation
products of fres polyunsaturated fatty acids in mechanically deboned meat. [ Food Compos. Anal. 2009, 22,
307-314. [CrossRet]

Bjorkroth, |. Microbiological ecology of marinated meat products. Meaf Sci. 2005, 70, 477480, [CrossRef]
[PubMed]

Hmelak Gorenjak, A, Cencit, A. Nitrate in vegetables and their impact on human health. A meview.
Acta Aliment. 2013, 42, 158-172. [CrossEef]

Gyawali, B.; lbrahim, 5 A Matural products as antimicrobial agents. Food Canfrol 2014, 46, 412429, [CrossFaf]
Tiwari, B.; Valdramidis, ¥; O'Donell, C.; Muthukumarappan, K; Cullen, F; Bourke, P Application of natural
antimicrobials for food preservation. [. Agric. Food Chen. 2009, 57, 5987—6000. [CrossRef]

Brewer, ML5 MNatural antioxidants: Sources, compounds, mechanisms of action and potential applications.
Compr. Ren Food 5a. Food Saf 2011, 10, 221-247. [CrossRef]

CGuéraud, F; Atalay, M.; Bresgen, N.; Cipak, A.; Eckl, BM.; Hue, L.; Jouanin, L; Siems, W.; Uchida, K.
Chemistry and bicchemistry of lipid perccidation products. Free Radic Fes. 2000, 44, 1098-1124. [CrossFet]
Khoo, HE; Azlan, A; Tang, 5.7; Lim, 5M. Anthocyanidins and anthocyanins: Colored pigments as food,
pharmaceutical ingredients, and the potential health benefits. Food Nutr. Res. 2017, 61, 1361779, [CrossRet]
Matsuda, H.; Morikawa, T.; Toguchida, L; Park, [.-Y.; Harima, 5.; Yoshikaw a, M. Antioxidant constituents
from rhubark: Structural requirements of stilbenes for the activity and structures of two new anthraquinone
glucosides. Bioorg. Med. Chene 2001, 9, 41-50. [CrossEef]

Lopez, M.; Martinez, F; Del Valle, C; Ferrit, M.; Lugue, K. Study of phenolic compounds as natural
anticeddants by a fluomescence method. Talmta 2003, 60, 609-616. [CrossFef]

Yelderrain-Kodriguesz, G.; Torres-Moreno, H.; Villegas-Ochoa, MLA.; Ayala-Zavala, E; Robles-Zepeda, R.E;
Wall-Medrano, A ; Gonzalee-Aguilar, GA. Gallic adid content and an anticsidant mechanism ame responsible
for the antiproliferative activity of “Ataulfo’ mango peel on L5180 ells. Molecules 2018, 23, 695, [CrossRef]
[PubMed]

Demirbas, A O], micronutrient and heavy metal contents of tomatoss, Food Cher 2000, 118, 50450, [CrossHaf]
Csapregi, K.; Neugart, 5.; Schreiner, M.; Hideg, E. Comparative evaluation of total antioxidant capacities of
plant polyphenols. Moeoules 2016, 21, 208, [CrossRef] [PubMed]

109



Foods 2019, &, 661 18 0f 18

36, Burri, S.CM.; Ekholm, A.; Hikansson, A.; Tormberg, E; Rumpunen, K. Anticxidant capacity and major
phenol compounds of horticultural plant materials not usually wsed. |. Fund. Foods. 2007, 35, 119-1%7.
[CrossRef] [PubMed]

37, Miguel, MM. Anthooyanins: Anticdidant and)or anti-inflammatory activities. | Appl. Plurme 5a. 2011, 1, 7-15.

i) 2019 by the authors. Licenses MDP], Basel, Switzerland. This article is an open access
@ 0 article distributed under the terms and conditions of the Ceative Commons Attribution
Y

(CC BY) license (hittp:fcreative commons.org licenses, by 4.0¢).

110



DI330300300300500505535503550350300300330503033305353305355055030053553305333353355355555



Koskar, J, MeremaeK., PussaT., Anton D., EliasT.,

Ratsep R., MaesaaM., KappK.,& Roastg M. (2022).

Microbial growth dynamics in minced

meat enriched with plant powders.

Applied Scienced?2, 11292
https://doi.org/10.3390/app122111292


https://doi.org/10.3390/app122111292

iraeaed applied -~
T v [MDP1|
e SCiCHCES ;
Article

Microbial Growth Dynamics in Minced Meat Enriched with

Plant Powders

Julia Koskar **, Kadrin Meremie !, Ténu Piissa !, Dea Anton !, Terje Elias !, Reelika Ratsep =, Mihkel Miesaar?,
Karmen Kapp ¢ and Mati Roasto *

Citation: Ecskar, [, Meremas, E.;
Pibssa, T Anton, [k Elias, T
Rassep, B Miesaar, M.; Kapp, K
Roasta, M. Microbial Growth
Dynamics in Minond Meat Enriched
with Plant Powders. Appl. 5 3002,
12, 11292 hitpsidod. cng/10. 339/
applXiiiaeg

Academic Editor: Ana Carolina
Gongalves

Recedved: 10 October 2002
Accepled: § Movember 2022
Published: ¥ Mowember 2022

Publishes’s Mote: MIP] stays new
mal with mgard o prsdictonal
claims in published maps and instihg

gonal afiliations.

Copyright: © 2002 by the authors. Li
censee MDPT, Basel, Switrerland
This article is an open access article
distributed under the terms and con
ditions of the Creative Commaons A
eribution (CC BY) license (hetpsfiore
atwecommiors. ongylicerse sy .0,

! Chair nf\fel:l:i.nar_l: Biomedicine and Food H}:g'.en:, Inshfate af\’:lel:ina.r_v Medicne and Animal Scences,
Estonian Universibr of Life Scences, Ereutzwaldi 56/3, 51006 Tarh, Estonda

* Paolli Horbieultoral Research Centre, Extonian Undversity of Life Soences, Uus 2, 68108 Palli, Estomia

* ERA Chair for Food (By-) Products Valorisation Tedmologies (WALORTECH), Ectonian University of Life
Sciences, Ereutzwaldi 56/5, 51006 Tarhy, Estornda

1 Dawvision of Pharmaceubical Biosdences, :Eacu.H:? of Pl'u.ntuc::, Univer:it_\'c\f Helsinki, P.O. Box 56,
(Vilkinkaari 5E), FI-00014 Helsinld, Finland

* Corzespondence: julia koskarSstudent. emu.=e

Abstract: Flant powders with anfimicrobial properties can be used in food manufachuring and must
comply with the demands of consumers regarding microbiological safety, mutritional value, and
sensory properties of foods. The present study aimed to assess the microbial growth inhibitory abil-
ity of different plant powders, including by-products of horticultural primary processing (e.g., pom-
ace) in raw and cocked minced pork. The fotal counts of aerchic mesephilic bacteria, pseudo-
monads, yeasts, and moulds were shudied to assess the microbial growth dynamics in meat samples.
Additionally, for the plant powders, which were able to suppress the microbial growth in a total
counts dynamics study, the growth petential of Listeria monocytogenes in ready-to-eat (RTE) minced
meat samples was estimated by challenge testing. The results showed that the most effective com-
binations of plant powders in raw minced pork, in relation to the total counts of microorganisms,
were 3% apple+]% enion+2% blackourrant berries (Apple+On+BCher); 3% apple+l % garlic+2% to-
mato {Apple+Ga+Tom); and 3% apple+1% tomato+1% rhubarb peticles (Apple+Tom+Fhub). How-
ever, challenge tests revealed that some plant powders were unable to inhibit the growth of L. mon-
ocytogenes. The lowest L monscytogenss growth potential (& = 274 log cfu/g) was determined for
cooked minced pork samples enriched with 2% rhubarb petioles, followed by ApplesOn+BCher (&
=263 log cfifg) and Apple+Tom+Fhub (& = 3.74 log cfu/z). In minced pork samples without plant
additives, the L. monocytogenes growth petential was 7.30 log cfu/g. In condlusion, blends of plant
powders may have good potential for developing meat products with acceptable microbiological
quality.

Eeywords: plant powders; minced meat products; microbial growth inhibition; foed safety

1. Introduction

Meat and meat products contain valuable nufrients for human consumption; meat is
an excellent source of protein, phosphorus, zine, and iron [1]. Since raw minced meat is
an easily perishable food, it is a suitable material for evaluating the inhibitory effect of
various plant additives and their blends on microbial growth in the food matrix. European
Commission Regulation Mo 2073/2005 for microbialogical criteria in foodstuffs establishes
criteria for aerobic colony count in minced meat [2]. According to the process hygiene
criteria, the mardmum number of aerobic mesophilic microorganisms can be 6.70 log cfu/g
for two subsamples and 5.70 log cfu/g for three subsamples. These numbers will be con-
sidered when discussing the microbiological quality of the raw minced pork samples in
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the present study. The total viable count of microorganisms is often used in food durabil-
ity studies to assess the microbiological quality of food within the determined time period.
Enumeration is one of the most commonly used forms of bactericlogical analysis in food
microbiology [3].

Warious food preservation methods and technelogies, such as modified atmosphere
and vacuum packaging, marinating, and the use of preservatives are applied to enhance
the safety and shelf-life of meat products by inhibiting microbial growth [4]. Nowadays,
consumers are more aware of the substances used in foed production and are also com-
cemned about the worldwide problem of the multi-dmg resistance of microorganisms.
This has led to a growing trend to seek natural food additives that can be used for the
inhibition of chemical and microbiclogical spoilage of feods [5].

It has been demonstrated that many plants are effective in microbial growth inhibi-
tion in foods [6-8]. In addition to an antibacterial effect, many plants rich in flavenoids,
phenclic and other organic acids have anticoddant, nutritional, and sensory properties in
foods [7]. Often, in vitro experiments have been used to study the anticoddant and anti-
bacterial properties of plant materials. REesults of in vitro studies are not directly correlated
to the effects in different food matrices, because bicactive compounds can be bound to
proteins, lipids, or other food ingredients. Moreover, other intrinsic factors can inhibit the
antimicrobial effects of bicactive compounds in foods [7,9]. The use of plant materials
containing bioactive compounds such as fruits, vegetables, berries, and their processing
by-products is an opportunity to exploit these valuable resources for further use in differ-
ent food matrices. Furthermore, the use of natural antimicrobials can prevent the negative
impact of some synthetic food additives, such as hypersensitivity reactions and intoler-
ance, and achieve the health-promoting effects of plant-derived bisactive compounds on
consumers’ health [7,10]. Previous studies [5,8] have indicated that garden rhubarb peti-
oles (Rhewm rhaponticum L), blackourrant berres (Ribes migrum L), chokeberries (Aronia
melanocarpa Elliott), and tomato { Selamum lycopersicum L) have antioxidant and antimicro-
bial properties both in vitre and in producto. Moreover, garlic (Allium sattvum L) and
onion (Allmen cepa L), which are both rich in sulphur compounds and phenolic sub-
stances, have good antimicrobial properties [11,12]. Furthermeore, allicin in pure form has
been found to have antibacterial, antifungal, antiparasitic, and antiviral activity [13]. Gar-
den rhubarb peticles have low total phenolic contents but contain organic acids in large
amounts [5]. Blackourrant berries have high contents of anthocyanins and phenolic acids
[14]. Chokeberry berries have high contents of carotene, flavonoids, anthocvanins, and
catechines [15]. Tomato is a good source of lycopene, phenolic acids, and flavonoids, and
effectively inhibits the growth of veasts and moulds [8]. Rowanberries (Sorbus aucuparia
L.} hawve high contents of phenolics, flavonoids, and ascorbic acid [16]. Bombinaité et al.
[17] found that rowanberry pomace extracts inhibited the growth of pathogenic and spoil-
age microorganisms, especially Gram-positive bacteria.

The current study compared the impact of various plant powders, such as fruit,
berry, and vegetable processing residues, on microbial growth in raw and cooked minced
pork throughout the shelf-life. The growth potential of Listeria monocyfogernes in samples
of ready-to-eat (RTE) minced meat was also assessed by challenge testing in which the
most efficient plant powders were used.

1. Materials and Methods
2.1. Meat and Plant Material

For the first test series, to get the freshest meat possible and to obtain low-fat content
(13%), samples were brought directly from the meat industry and ground by the research
group itself. The meat was stored in a refrigerator at a temperature not exceeding 5 °C.
For the second test series, commercial minced pork with a fat content of 27% was used.

Fresh ground pork in modified atmosphere packages was purchased from a retail outlet
and transported immediately to the laboratory at refriperated temperatures.
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The plant materials used were mostly by-products of fruit, berry, or vegetable pro-
cessing, e.g., press cakes from juice production. The plant materials were sither convec-
tion-dried or freeze-dried and were added to the minced meat as a powder. The selection
of plant materials and the added amounts of powders was decided according to the results
of preliminary sensory and chemical tests. Added plant powders changed the colour of
the minced pork depending on the powders used. Overall acceptance was estimated in
regard to taste, colour, odour, and appearance of the cocked samples.

Tawo test series were performed at different time periods with the same fruit, berry,
and vegetable additives (Table 1). The pomace derived from juice pressing of apples (Ma-
s domesticn Borkh.), blackcurrants (Ribes nigrum L.}, rowanberry (Sorbus sp.), and black
chokeberry | Aronia melanocarpa (Michoe ) Elliott), the peticles of rhubarb (Rhewm sp ), fruit
flesh of tomato (Solarm lycopersicum L), ondon (Allium cepa L), and garlic (Al sationem
L.} were used as plant materials for powder preparation at the laboratories of the Polli
Horticultural Research Center and the Food Hygiene laboratory of Estonian University of
Life Sciences. The drying techmology used was freeze-drying using a VirTis AdVantage
20 EL freeze-dryer (5P Industries, Warminster, PA, USA) and Alpfrige CFD 1400 55 con-
densation fruit dryer (Logatec, Slovenia). The dried material was ground to obtain a fine
powder using a Retsch GM 300 grinding mill (Retsch GmbH, Haan, Germany) and Retsch
W 400 mixer mill.

Table 1. Description of the samples used in experiments.

Abbreviation Composition
Meat [Control) Minced meat with 13% and 27% fat content
Apple Minced meat with 3% apple
Apple+BCher Minced meat with 3% apple+2% blackourrant berries
Apple+Rber Minced meat with 3% apple+2% rowanberries
Apple+Tom Minced meat with 3% apple+2% tomato

Apple+On+BCher  Minced meat with 3% apple+1% onion+2% blackourrant berries
Apple+Ga+Tom Minced meat with 3% apple+1% garlic+2% tomato
Apple+CHber Minced meat with 3% apple+2% chokeberries
Apple+CHber+Eber  Minced meat with 3% apple+2% chokeberries+2% rowanberries
Apple+Tom+Fhul Minced meat with 3% apple+2% tomato+1% rhubarb peticles

Garlic Minced meat with 2% garlic *
Omnion Minced meat with 2% onion ®
Rhub Minced meat with 2% rhubarb peticles *

* Omnly for challenge test series. Abbreviations: BCber, blackcurrant berries; Fber, rowanberries;
Tom, tomate; On, ondon; Ga, garlic; CHber, chokeberries; Rhub, thubarb peticles.

2.2 Sample Preparation

A hand mixer, the Clatronic HM 2935 [Clatronic International GmbH, Kempen, Ger-
many], was used to completely mix the minced meat with the plant powders (Table 1).
Mixing was performed for three minutes at speed level one. As a control, pure minced
meat was used. The samples were formed into meatballs (20 £ 1 g each) and half of them
were cooked at 145 °C for 17 min reaching an internal temperature of 75 °C. A digital meat
thermometer with a stainless-steel probe was used to measure the meatballs’ core temper-
ature. The samples were then cocled to room temperature. The final weight of the cooked
samples was 15 £ 1 g. According to the challenge test guidance document [158]. part of the
samples was inoculated with a suspension of L. monocytogenes, and the rest with physio-
logical saline to equalize the amount of iquid added to all samples. Samples were packed
individually in sterile cups with a screw cap and stored in a cooling incubator (Binder
GmbH, Germany) at 7 £ 1 °C for a maximum of 12 days for raw and 21 days for cooked
samples. There were separate samples for pH and water activity analyses. Analyses of
whater activity, pH, and microorganisms were carried out simultaneously and in parallsl
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ondays1, 5, 7, 9, and 12 with raw samples and on days 1, 12, and 21 with cooked minced
pork samples.

2.3. pH Determination

The homogenates, made up of 10 g of sample and 100 mL of distilled water, wera
used to measure the pH values of the samples. 4 digital HandyLab680 pH meter (51 An-
alytics GmbH, Mainz, Germany) was used to take the readings at room temperature. Reg-
ular checks of the pH meter calibration and duplicate analyses were made.

2.4 Water Activnty (aw) Determmation

Water activity (aw) was determined at 25 °C, using an Aqualab Decagon 3TE water
activity meter (Decagon Devices Inc,, Pullman, WA, USA) following the manufacturer’s
instructions. The analyses were carried out in duplicate.

2.5. Muicrobial Ensomeration

For determination of total microbial counts, EVS-EN IS0 4833-2:2013 standard Part
2: Coleny count at 30 °C by the surface plating technique; EV5-I50 standard 21527-1:2009
Horizontal method for the enumeration of yeasts and moulds— Part 1: Colony count tech-
nique in products with water activity greater than 0.95; and EVS-EN IS0 standard
13720:2010 Meat and meat products — Enumeration of presumptive Psendomonas spp. in-
structions were followed.

EVS-EN IS0 11290-2:2017 standard Microbiclogy of the food chain—Horizontal
method for the detection and enumeration of L. monscytegernes and of Listeria spp. Part 2:
Enumeration method was followed. Briefly, a Kern KB 2000-2 scale (Kern & S0HN
GmbH, Balingen, Germany) was used to weigh 10 g of the material into a sterile Stom-
acher bag and diluted with 90 mL of sterile buffered peptons water (LAB204, Lab M, Lan-
cashire, UK) to obtain an initial 10-fold dilution. Samples were blended for one minute at
230 rpm using a Stomacher™ 400 Circulator (Seward, UK). Flate Count Agar (PCA,
LABO10, Lab M, Lancashire, UK) was used for the enumeration of microorganisms; DRBC
Agar (I50) (LAB217, Lab M, Lancashire, UK) for the enumeration of yeasts and moulds;
Pseudomonas Agar Base (CFC, Biclife, Italiana 5.r1 Viale Monza, Milano, Italia) and Agar
Listeria according to Ottaviani and Agost for the enumeration of L. monocytogenes (ALOA,
Biolife, Ttaliana 5.rl Viale Monza, Milano, Ttalia).

The surface plating technique was used for all analvses. For small agar plates (90
mmy}, 100 uL and for large (120 mm), 1000 pL of initial dilution of the sample and further
decimal dilufions were transferred onto the surface of the agar plates and spread evenly
using a spatula. PCA plates were incubated under aerobic conditions at 30 *C for 72 £ 3 hy;
DEBC agar plates at 25 °C for & days; CFC agar plates at 25 °C for 44 £ 4 h; and ALOA
plates at 37 °C for 2448 h. Colonies were enumerated following incubation under the
stated temperatures, and the results were represented as loglQ colony-forming units per
gram (cfu/g).

2.6, Challenge Test

Challenge testing was carried out in accordance with the technical guidance docu-
ment version 4 of the European Union Reference Laboratory for L. monocyfogenes (EURL
Lm) in order to determine the growth potential (&) of L. monecytogenes in cooked minced
samples [15]. In short, three batches of samples for each day of analysis were artificially
contaminated with a microbial suspension of L. monocytogenes strains using a syringe. The
volume of the inocuhim infroduced into the food matrix did not exceed 1% of the whole
mass [18]. Three different points of the sample were injected with 100 uL of the mixture
at an approximate concentration of 100 cfu/g. The inoculated samples were packed sepa-
rately into sterile cups and stored in an incubator at 7+ 1 °C until the analysis point. Total
microbial count, pH, and water activity (aw) were also determined in two parallels on each
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analysis day. Based on the enumeration of L. monocytogenes, the growth potential of the
pathogen was determined.

Bacterial Species and Strains

The microbial suspension of L. monecyfogenes contained a mixture of two strains
(12MOB045LM — serotvpe 1/2¢ and 12MOBISSLM —serotype 4b) chosen from a set of 25
EUEL Lm strains. The strains set was classified according to their growth rates related to
temperature, pH and aw, genoserotypes, and origins [18]. Both strains with known growth
characteristics were isolated from the meat. The suspension was prepared following the
instructions of the challenge test puidance document [18]. In brief, two of the bacterial
strains were grown in tryptone sova broth (T5B, Biclife, Italiana 5.xl Viale Monza, Mi-
lane, Italia) at 37 = 1 *C for 16 h to obtain subculture 1 in the sarly statiomary phase (at
about 920 logw chu/mL). Subculture 1 was transferred into another tube of TSE and was
incubated at 10 °C for 3 days to obtain subculture 2. Subsequently, subcultures 2 of both
strains were mixed in equal amounts. Successive dilutions of the mixed culture in physi-
ological saline water were followed to obtain the inoculum at the desired concentration
{100 cfu/g).

2.7. Statistical Analysis

Significant differences in counts between minced meat contrel and minced meat with
added plant powders (day 5, dav 7, day 9, and day 12 combined) were analysed using the
Fruskal-Wallis rank sum test followed by multiple pairwise-comparisons between
groups using the Wilcoxon rank sum test with Benjamini-Hochberg continuity correction.

3. Results

The enumeration of microorganisms able to grow at 30 °C, enumeration of yeasts and
moulds, and enumeration of presumptive Preudomonas spp. were made to determine the
inhibitory effect of selected plant powder mixtures on microbial growth in raw and
cooked minced pork. Additionally, for selected enriched ready-to-eat minced pork sam-
ples, L. monocyfogenes growth potential was studied by using a challenge test.

3.1. Microbial Cownts in Flant Pewders

The results of the enumeration analyses of the tested plant powders showed that the
total viable counts of mesophilic microorganisms and veasts and moulds ranged from 100
to 4500 cfu/g and 20 to 1900 cfu/g, respectively (Table 2). The numbers of Pseudomornas spp.
in fruit, berry, and vegetable powders were below the limit of detection (100 cfu/g).

Table 2. The microbial counts in plant powders.

Total Viable Count Pzeudomonas Yeast and Mould Count

Plant Powder {cfu/gl Count (cfu/g) {cfu/g)
Apple 150 =100 30
Blackourrant berry 680 =100 230
Rowanberry 100 =100 140
Tomato 200 =100 40
Crnion 2100 =100 350
Garlic 1200 =100 1500
Chokeberry 4500 =100 X0
Rhubarb petioles 400 =100 20
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Tatal micrabial counts (lag chuig)

Tatal micrabial counts (log fulg)

3.2. Total Vicble Counts tn Raw Meaf Samples

Similar growth dynamics of microorganisms were obsarved in the raw minced pork
samples. In the initial raw pork samples containing 13% of fat, total microbial counts were
on average in the range of 4.304.75 log cfu/g (Figure 1A}). In the following days, the num-
ber of microorganisms increased in most samples and was above § log cfu/g by day 12
Compared to the other samples, the total rumber of microbes in the Apple+On+BCher,
Apple+Ga+Tom, and Apple+CHber+Eber samples were lower until day 9 of storage (445,
6.11 and 6.45 log cfu/g, respectively). In these samples, the rapid growth of microorgan-
isms started after the Sth day of storage, when the nmumbers of mesophilic microorganisms
were 5.06, 757, and 8.89 log cfu/g, respectively. However, a statistically significant differ-
ence (p < 0105) compared to the control (raw minced meat) in mean microbial counts dur-

ing the storage time was only found for raw minced meat with Apple+On+BCher.

(A) Raw minced pork meatl containing 13% fat

fﬂ

-

475

r

H [

s ., =

.
B
=

=

- 4

3

a = ] =

8 = .
1

: =
o]

B8

8.3
57
=]
o

Awerage pH of samples

451
448
6108
467

451
4,45
430

I:B:IHEW minced pork meat containing 27% fat

&

(=]

= 6
W
" - *
. X . . . . i
@ o‘l_?! $ g = 2 5
o = = [ 2 L sy = b H
- - [ 4 G
I
i
i 6
T
3
-4
= 2 =
e T 2 H
-t = | - i g
L e
o
= - - - - - -
g ] z 5 x 5 z ] g
13 ] i L -] ¥ L e —-
o m - x m e o + o
O &% & + - ¥ i
2 ) -1 £ o 4 b t
= -3 2 =] P [ T =
o 2 t- i ['—] +
=
g ° :
1 .

Figure 1. Total microbial counts and average pH (=) of raw samples containing 13% (A) and 27%
(B) fat after 1, 5, 7, 9, and 12 days of storage (colummns from left to right). The values on the first and
the last day are presented numerically. pH () values are shown as an average throughout the stor-
age period. Abbreviations: BCher, blackcurrant berries; Rber, rowanberries; Tom, tomato; On, on-
ion; Ga, garlic; CHber, chokeberries; Ehub, rhubarb petioles.

In the series of experiments with a higher fat content of minced pork samples (27%),
the total mmmber of microorganisms increased from an initial range of 3.49 to £ 52 log ofu/g
to 740 to 9.75 log cfu/g at the end of the storage period on day 12 (Figure 1B). Differances
in total microbial counts between control and minced meat samples supplemented with
plant powders were not statistically significant. Compared with 13% fat-containing
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minced pork samples, microbial growth inhibition was lower for 27% fat-minced pork
samples enriched with plant powders.

3.3, Pseudomonas Counts tn Raw Meat Samples

On day 1, the numbers of Pssudomonas spp. in the raw pork samples containing 13%
fat were in the range of 4.194 74 log cfu/g and increased to 4.85-9.26 log cfu/g by day 12
(Figure 24). Howewver, in the samples of Apple+On+BCher and Apple+Tom+Rhub the to-
tal number of Pseudomonas spp. remained low throughout the study period, between 4-6
log cfu/g, and were significantly different (p < 0.05) compared to the control. Inhibition of
microbial growth was also observed for Apple+Ga+Tom samples up to the 9th day of stor-
age.

The control sample with a fat content of 27% had the highest concentration of Pseu-
domgnas spp. during the entire storage period (Figure 2B). Compared to the control and
other samples, the counts of pssudomonads in the Apple+Ga+Tom sample remained al-
most at the same level as in the initial phase of the food durability experiment. Inhibition
of pseudomonads growth was also observed for AppletOnt+BCher and Ap-
ple+CHber+Eber (Figure 2B) and was significantly (p < 0.05) different from the control.
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Figure 2. The number of Pseudamenas spp. and average pH (=) of raw samples containing 13% (A)
and 27% (B) fat after storage times of 1, 5, 7, 9, and 12 days (columns from left te right). The values
on the first and the last day are presented numerically. pH (=) values are averages throughout the
storage period. Abbreviations: BCber, blackourrant berries; Rber, rowanberries; Tom, tomato; On,

onion; Ga, garlic; CHber, chokeberries; Fhub, rhubarb petioles.

3.4 Yeast and Mould Cownts tin Raw Meat Samples

The initial counts of yeasts and moulds in the raw minced pork samples containing
13% and 27% fat were 3.37-3 91 log cfu/g and 2.04-3.89, respectively (Figure 34 B). In the
subsequent days of storage, the numbers of moulds and yeasts increased in all of the 13%
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Yeas and mould count (log cfu/g)

Yeas! and mould count (lag cfufg)

fat raw pork samples and were in the range of 4-6 log cfu/g on the last day of storage.
Slight growth inhibition of yeasts and moulds was observed for meat samples containing
blends of Apple+On+BCher and Apple+Ga+Tom, but only up to the Sth day of storage.
Compared with low-fat samples, the high-fat-minced pork samples had higher yeast and
mould counts on the last day of storage (day 12} (Figure 3B). However, compared with
the control sample, veast and mould growth was more inhibited in the higher-fat-minced
pork samples enriched with plant powders. However, statistically significant differences
{p = 0.05) in yeast and mould counts were found anly for the raw minced pork samples of
Apple+Ga+Tom and Apple+Tom.
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(B) Raw minced pork meat containing 27% fat
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Figure 3. Yeast and mould counts and average pH (*) of raw samples containing 13% (A) and 27%
(Byfat 1, 5,7, 9, and 12 days of sterage (colummns from left to right). The values on the first and the
last day are presented numerically. pH (=) values are shown as an average throughout the storage
pericd. Abbreviations: BCher, Plackourrant berries; Fber, rowanberries; Tom, tomato; On, ondon;
Ga, garlic; CHber, chokeberries; Fhub, rhubarb peticles.

3.5. Differences tn Microbial Counts in Rawr Meat Samples

Statistically significant (p = (0.05) differences between controls (minced meat) and
minced meat samples with plant powders to the average level of different microbial
counts over storage time are shown in Table 3. The biggest inhibition of the growth of
total microbes was found in the minced meat containing Apple+On+BCher. Regarding
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FPseudomonns spp. count, the most effective growth inhibition was found for the Ap-
pletOn+BCher and Apple+Tom+Fhul samples. Compared to controls, the best growth
inhibition of yeasts and moulds was found for Apple+Tom+Fhub in the 13% fat-content
meat samples, and for the Apple+Tom and Apple+Ga+Tom samples of minced meat with
X7% fat content. Statistically significant differences (p < 0.05) were found for the total
counts of Pseudomonas spp. between minced meat controls (13% and 27%) and minced
meat samples with added plant powders.

Table 3. p-values of differences in microbial counts between minced meat controls (13% and 27%
fat content) and minced meat samples with added plant powders on 3, 7, %, and 12 storage days
combined.

Group Minced Meat 13% Minced Meat 27%
Plant Powrder Total Micro- Psenudomonas  Yeasts and Total Micro- Psenudomnas  Yeasts and
bial spp. Monlds bial * app. Moulds
Apple 0901 0.811 0.827 ND 0.030 *= 0.142
Apple+BCher 0892 1.000 0421 MND 0.001 *= 0.160
Apple+Fber 0901 0.621 0.130 ND 0.001 *= 0.180
Apple+Tom 0586 0.630 0.190 MND 0.002 *= 0.014
Apple+On+BCher 0.003 ** 0.004 *= 0.329 ND 0.002 ** 0.142
Apple+Ga+Tom 0316 0.053 0.421 MND 0.002 *= 0.007 =
Apple+CHber 0782 0.621 0.114 ND 0.002 ** 0.067
Apple+CHber+Fber 0964 1.000 0.087 ND 0.001 *= 0.067
Apple+Tom+Rhub 0915 0.004 ** 0.022 ** ND 0.001 ** 0.380

* Non-significant differences (Kruskal-Wallis rank sum test p-value = 0.099). ** Statistically signifi-
cant differences (p-value < 0.05). Abbreviations: ND), multiple pairwise-comparison not performed;
BCber, blackourrant berry; Fber, rowanberry; Tom, tomate; Om, onion; Ga, garlic; CHber, choke-
berry; Fhub, thubarb peticles.

3.6. Microbial Counts tn Cooked Meat Samples

The length of durability studies for cooked samples was longer than for raw samples.
Microbiological analyses were performed on days 1, 12, and 21 of the storage period. In
general, the microbial counts were very low in the cooked samplas throughout the storage
period. In all tested samples, the Pseudomonas spp. counts as well as those of veasts and
moulds were below the limit of detection (10 cfu/g) throughout the storage period. The

initial counts of total mesophilic microorganisms were below 10 cfu/g and increased to
10400 cfu/g at the end of the storage period.

3.7. pH and Water Actiity

Throughout the study period, the pH of the control samples containing either 13% or
7% fat was higher (pH = 5.58-0.84) compared to the minced meat samples enriched with
plant powders (Figures 1-3). The lowest pH values were found in the Apple+Tom+Fhub
samples in a range from 5.1-5.2, followed by the Apple+CHber+Rber and Apple+Ga+Tom
in a range from 4.9-5.5, and the Apple+BCher and Apple+On+BCher samples in a range
from 5.1-5.6. The water activity in the samples ranged from 0.977 to 0.987. The control had
higher water activity throughout the study period compared to the samples enriched with
plant powders.

3.8, Challenge Testng

The initial total viable counts of the cooked minced pork samples ranged from 10 to
<100 cfu/g and increased to a range of 20-250 cfu/g by the end of the storage period. The
total number of bacteria remained wery low in the cooked samples supplemented with
garlic, omion, and rhubarb petioles (20-55 ofu/g).
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As shown in Table 4, all the cooked minced pork samples supported the growth of L.
mornocytogenes as the growth potential was higher than 0.5 log cfu/g during the specified
shelf-life. The highest growth potential (6 =7.92 log cfu/g) was found for the meat samples
with onion, followed by garlic (&= 7.85 log cfu/g), and in the meat sample without ad ditive
(b =7.3 log cfu/g). These samples had a higher pH (6.30-6.73) compared to the other sam-
ples (pH < 6).

During the 12-day storage period, the lowest L. monecyfogenes growth potential was
determined for RTE minced pork samples enriched with rhubarb (& = 2.74 log cfu/g).
Moreover, the blends of Apple+HOn+BCher (& = 3.63 log cfu/g) and Apple+Tom+Ehub (& =
374 log cfu/g) showed higher growth inhibition of L. monocytegenes compared to the other
tested samples (Table 4).

Table 4. Eesults of challenge tests of cooked meat samples.

Water Activity Total Count

Samples Storage Day rH* an fcfulg) O llogefuig) **
0 6.35=0.048 0.986 = 0.003 <10 = 10%
Meat *** 6 6.30£0.021 0.987 = 0.003 43 =102 7.30
12 6.35+0.001 0.992 + 0.005 2.5 w102
0 5.75+0.071 0.987 = 0.002 <10 = 10%
Apple+On+BCher 6 5700016 0.985 = 0.001 <10 = 102 363
12 572 +0.005 0.984 = 0.004 1.0 = 102
0 593 = 0.066 0.986 +0.001 <].0x 102
Apple+Ga+Tom ] 587 £0.021 0.990 = 0.001 1.0 =102 5.35
12 5.95=0.010 0.979 = 0.001 20 =102
0 5510011 0.988 £ 0.002 <].0=10%
Apple+Tom+Fhub 6 5420013 0.987 = 0.001 <].0=10% 374
12 5450012 0.977 = 0.001 1.5 = 102
a 6.68 £ 0.015 0.986 =0.002 15«10
Garlic ] 6.73 £0.001 0.990 = 0.003 5h =10 7.85
12 6.72 0,003 0.987 = 0.002 20 =10
0 6.45 £ 0.011 0.964 = 0.005 20 =10
Onicn 6 6.558 = 0.008 09584 +0.001 Jex10 792
12 6.60 £0.017 0.979 £ 0.001 30=1m
a 524 +0.001 0.980 =0.001 10=100
Fhub 6 5310013 0.987 =0.001 351 274
12 541 +0.059 0.979 =+ 0.001 30=10

* Walues are mean (obtained from analyses in duplicate) + 5D (standard deviation). SO values are
not shown when zero. ** Growth petential (6) more than 0.5 log cfu/g indicates the samples which
support the growth of L. monecytogaes. *** Purchased from a retail oullet (fat content 27%). Abbre-
viations: On, enion; BCher, blackourrant berries; Ga, garlic; Tom, tomate; Fhub, thubarb peticles.

4. Discussion

Most of the plant materials used in this study were selected based on the results of
previcus studies [3,8]. Raudsepp et al. [5] focused on in vitro experiments of selected
plant-ethanel infusions against essential focdbome pathogens where the strongest inhi-
bition of bacterial growth was observed in 96% ethanol infusions of the rhubarb roots,
whereas the black chokeberry (Aromia melanocawrpa (Michoe) Elliott), blackcurrant (Ribes
nigrom L), and edible homeysuckle (Lowicera casrulea L. war. edulis Turcz. ex Herder) ber-
ries had the highest antioccddative activity [5]. The plant powders and their mixes were
added to minced meat in a study by Anton at al. [8] in order to examine their effects on
the sensory properties, microbial growth, and lipid scddation of meat during storage. The

122



Appl. Sci. 202212, 11282

11 of 12

results revealed the high potential of rhubarb petioles (Rhewm sp.), tomato (Seloraon yco-
persicum L) powders, and their mixtures for the development of good quality meat prod-
ucts with lower salt content [8].

The current study used the most effective plant materials based on the aforemen-
tioned tweo studies with the aim to determine possible microbial growth inhibition in
minced meat samples enriched with plant powders and their blends. Unlike the afore-
mentioned previous studies, some of the powdered plant materials used for the enrich-
ment of minced pork samples in the present study (e.g., apple, blackcurrant, rowanberry,
and black chokeberry pomace) were derived from valuable juicing residues, which should
not be wasted but recycled for valorization.

In the current study, the highest microbial growth inhibition effect was determined
for the 13% fat content raw minced pork samples with Apple+On+BCher, Apple+Ga+Tom,
and Apple+Tom+Fhub mixtures. Significant differences were not found between the sam-
ples with different fat contents, but, generally, the different microbial counts were higher
in samples with 27% fat content. This is simdlar to the findings of Hurtado et al. [19], who
found that microbial counts were significantly higher in pork samples with high-fat
contents (20-30%) at low temperatures.

The current study’s findings indicated that the combination of several different plant
powders in raw minced pork samples was more effective against the growth of aerobic
mesophilic microorganisms, pseudomonads, and yeasts and moulds compared to the
samples containing only a single plant powder, or no plant additives (Control). Similarly,
a study by Anton et al. [B] found that rhubarb petioles in raw meat samples and tomato,
rhubarb peticles, and their combination in cocked meat samples had microbial growth
inhibitory effects comparable to the sffects of NaCl+NalNO:. However, in the present
study, the combination of Apple+BCher was effective only when it was supplemented
with 1% onion. The combination of Apple+Tom was effective when 1% rhubarb peticles
or 1% garlic was added to the meat samples. Onion and garlic are often used in recpes
for meat products.

Many studies have found that various plant extracts (for example garlic Allium se-
tiwum L), which are rich in sulphur compounds and phenolic substances have good anti-
microbial properties against different microorganisms including pathogens [11,12]. Ondon
is ome of the oldest cultivated plants with nutritious, antioxidant, and antimicrobial prop-
erties. The strong antibacterial activity of onion (Allium cepa L) extracts against Staphylo-
cocous aurens was found in the in vitro study of Ortiz [20]. Ancther study [21] found that
onion had an inhibitory effect on bacterial growth, but this varied depending on the type
of onicn, its extraction concentration, and the bacteria tested.

The results of the present study indicate that plant powders processed under hy-
gienic conditions hawve initially wery low microbial counts, and, therefore, can be used for
the enrichment of meat or other food products without irradiation. However, microbio-
logical analyses of plant materials are necessary before their use in other foods becauss
the high microbiclogical quality of plant powders cannot be assumed. The results of this
study demonstrate that thubarb peticles and selected blends of berries and fruits have an
inhibitory effect on microbial growth in meat samples. A similar finding was made by
Babaoglu et al. [22], who demonstrated that beef patties containing berry pomace extracts
had lower bacterial counts than the confrol. Additionally, it was found that the black
chokeberry was the most promising preservative among the pomace extracts of other ber-
ries for samples under refrigerated conditions [22].

In the current study, very low total microbial counts were found in the cooked sam-
ples compared to the raw samples. Such a result was expected because effective heat treat-
ment should destroy most of the initial content of microbes in meat products. The number
of microorganisms was expected to grow slowly under refrigerated storage of cooked
meat samples in screw-cap jars that were sterile prior to use.

Many studies [23-25] on L. monecytogenes have highlighted the need to change RTE
food recipes to ensure food microbial safety including the inhibition of the growth of L.
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monocytogenes. Regulation (EC) No 2073/2005 on microbiclogical criteria for foodstuffs
lays down the rules according to which the Food Business Operator (FBEO) must comply
and specifies microbiclogical criteria for L. monecytogenes in RTE foods. Applying the ru-
meric L. menocyfogenes criterion to RTE food products, food business operators need to
demonstrate, to the satisfaction of the competent authority, that the product will not ex-
ceed the limit of 100 cfu/g throughout its shelf-life [2]. According to the technical guidance
document of the European Union Reference Laboratory for L. monocytogenes, the growth
potential below the criterion (.5 logw chu/g determines whether the RTE food is able to
support the growth of L. monocyfogenes or not [18]. In the current study, all samples sup-
ported L. monocyfopenes growth. The highest growth potential of L. monocytogenes was in
the meat samples with ondon (& = 7.92 log cfu/g) followed by garlic and meat samples
without additives, and the lowest growth potential (& = 2.74 log cfu/g) was in the samples
enriched with 2% rhubarb peticles. This is in good agreement with the results of our pre-
vious studies, where rhubarb has been found to be one of the most effective plant materi-
als against the growth of microorganisms.

The strong antibacterial effect of rhubarb roots has also been shown by Kosikowska
et al. [20] and Raudsepp et al. [27]. In the current study, rhubarb peticles were selected
because petioles are used as food and have good organocleptic properties in different food
matrices. The second lowest growth potential of L. menocytogenes (&= 3.63 log cfu/g) was
found in samples enriched with Apple+On+BCher. Additionally, blackcurrant berries,
which are well-known for containing phenclic acids, anthocyanins, and other flavonoids,
hawve shown good anticoddant and antimicrobial effects in both in vitro and ™ producto
studies [8,27.28]. The growth potential value of 3.74 log cfufg was found for cooked
minced meat samples enriched with Apple+Tom+Fhub. Minced meat with Ap-
ple+Ga+Tom had a growth potential of 5.35 log cfu/g and in all other samples was higher
than 7.00 log cfu/g. It is important to mention that the only additives used in the meat
samples were plant powders and the samples were stored in sterile screw-cap jars, which
means that no modification of the packaging atmosphere was used.

Onar results indicate that plant powders alone cannot sufficiently inhibit the growth
of L. monocytogenes in RTE minced meat samples. The combination with other food addi-
tives (e.g., preservatives) and/or modified packaging is often necessary to achisve the cri-
terion of 0.5 log cfufg. Comparing the results of the control and the treatment samples
demonstrates that the plant powders do have some effect on L. monocytegenes growth,
espedally the blends of apple, rhubarb, tomato, cnion, garlic, and blackcurrant. Cther
studies have also demonstrated that other plant materials including berries are effective
against pathogenic microorganisms. Using electron microscopy, Wu et al. [29] showad
that cranberry concentrate damaged the cell wall and cell membrane and induced cell
lysis of L. monocytogenes. It was shown that plant extracts with high flavonoid contents
can effectivaly inhibit the growth of Gram-positive bacteria by damaging the integrity of
the cell wall and cell membrane, inhibiting the activity of the intracellular enzymes, chang-
ing the expression of assodated genes, and inducing bacterial apoptosis [30]. Further-
more, Ravichandran et al. [31] showed that naturally ocourring phenolic compounds in
food matrices have antibacterial activity against L. monocytogenes and other pathogenic
microorganisms.

Despite exceeding the L. monscytogenes growth potential criterion, the asrobic plate
count levels in the specified storage period were very low, indicating that meat products
with plant powders can have good microbiclogical quality and a suffidently long shelf-
life.

5. Conclusions
This shows that by-products obtained from the primary processing of some horticul-
tural crops, such as fruits, berries, and vegetables, can be effectively used for the enrich-

ment of meat products. Analyses demonstrated that rhubarb petioles and blends of se-
lected berries and fruits have an inhibitory effect on microbial growth in meat samples.
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Howewer, a combination of different plant powders may be necessary to achieve the mi-
crobial growth inhibition effect. The most effective combinations of plant powders in raw
minced pork, against total counts of microorganisms, were 3% apple+1% onion+2% black-
currant barries, 3% apple+1% garlic+?% tomato, and 3% apple+2% tomato+1% rhubarb
petioles. Challenge tests demonstrated that plant powders could not fully inhibit L. mon-
ocyfogenss from growing, therefore, in the technolegy of ready-to-sat foods, some addi-
tional intrinsic, extrinsic, or implicit factors need to be used. Mevertheless, blends of plant
powders may have good potential for the development of meat products with acceptabla
microbiclogical quality. Moreover, the valorization of by-products generated during the
primary processing of horticultural products is of great importance when considering the
principles of circular biseconomy and zero waste concepts.
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