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THE IMPORTANCE OF AEROMONAS SPECIES
IN FOOD SAFETY

Basak Gokce COL!

1. INTRODUCTION

Food safety is crucial for long-term public health,
necessitating the monitoring and control of microbial hazards
throughout all stages of food production. Waterborne and
foodborne pathogens continue to pose a significant global threat.
Among them, the genus Aeromonas has drawn increasing
scientific attention for its capacity to act as an opportunistic
pathogen, sometimes causing severe illness (Beaz-Hidalgo &
Figueras, 2013; Carusi, Kabuki, de Seixas Pereira, & Cabral,
2024; Fernandez-Bravo & Figueras, 2020; Gongalves Pessoa et
al., 2019).

Members of this genus primarily inhabit aquatic
environments, often found in freshwater, seawater, groundwater,
wastewater, soil, and various food-processing settings (Carusi et
al., 2024; Janda & Abbott, 2010). Their remarkable ecological
flexibility allows them to persist in many habitats and to colonize
various host organisms such as humans, companion animals, and
aquatic species. This highlights their importance to the One
Health perspective (Lamy, Baron, & Barraud, 2022). The wide
range of phenotypic and genotypic differences observed in
isolates from clinical, environmental, and animal sources further
demonstrates the genus’s ability to adapt to different ecosystems
(Fernandez-Bravo & Figueras, 2020).

1 Department of Gastronomy and Culinary Arts, Faculty of Tourism, Dokuz Eyll
University, Izmir, Tiirkiye. ORCID: 0000-0002-7627-9867.
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Aeromonas species can contaminate various types of food,
including fish, seafood, dairy products, meat, and fresh produce,
posing a significant risk to consumer health (Cortes-Sanchez et
al., 2019; Igbinosa, Igumbor, Aghdasi, Tom, & Okoh, 2012;
Stratev, Vashin, & Rusev, 2012). The discovery of multidrug-
resistant (MDR) strains in ready-to-eat seafood (Lee, Hoel,
Lunestad, Lerfall, & Jakobsen, 2021) and other food products
(Stratev & Odeyemi, 2016) suggests that these bacteria not only
survive in natural waters but also persist through various stages
of the food supply chain. Species that are important in clinical
settings, A. hydrophila, A. caviae, and A. veronii, are linked to
gastrointestinal infections, wound infections, septicemia, and
meningitis (Fernandez-Bravo & Figueras, 2020; Pessoa, Oliveira,
Correia, Fontes, & Coelho, 2022). Severe clinical outcomes,
including high death rates, particularly affect those with
weakened immune systems; reports show that mortality in
Aeromonas-related bacteremia ranged from 24% to 63% (Chuang
et al., 2011; Janda & Abbott, 2010; Parker & Shaw, 2011).

Over recent years, a clear rise in antimicrobial resistance
has been observed in this genus. Many isolates collected from
natural environments and different food matrices exhibit
pronounced resistance to B-lactams, tetracyclines, and
aminoglycosides (Carusi et al., 2024; Harnisz & Korzeniewska,
2018). These findings highlight Aeromonas's role as a reservoir
of resistance genes and as a facilitator of gene transfer in water
and food-related settings. This dual role positions Aeromonas
species not only as emerging pathogens of concern in food safety
programs but also as important contributors to the spread of
antimicrobial resistance in the environment.

Given their ability to survive in the environment, potential
to cause disease, patterns of antimicrobial resistance, and capacity
to spread through water, food, and human contact, Aeromonas
species have become increasingly relevant to food safety and
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public health. Therefore, this chapter examines recent scientific
findings concerning the taxonomy, pathogenic potential,
virulence-associated factors, antimicrobial resistance traits, and
the occurrence of Aeromonas species in foodborne settings. It
also explores how these characteristics influence food safety
practices and contribute to potential risks for human health.

2. CHARACTERISTICS OF AEROMONAS
BACTERIA

2.1. Taxonomic Classification

The genus Aeromonas, which belongs to the family
Aeromonadaceae, was first identified with the description of A.
hydrophila in 1891. Progress in molecular biology has changed
the taxonomy of the genus. In 1986, it was officially classified as
a separate family, Aeromonadaceae, based on findings from 16S
and 5S rRNA analyses and DNA hybridisation studies
(Fernandez-Bravo & Figueras, 2020). To date, over 30
Aeromonas species have been identified. Approximately two-
thirds of these have been associated with opportunistic infections
in humans and animals.

Identifying species using traditional phenotypic tests is
challenging because of the significant genetic diversity within the
genus. As a result, molecular techniques such as 16S rRNA
sequencing and analyses of housekeeping genes (e.g., gyrB,
rpoD, dnaJ) have become increasingly important. However,
studies focusing on single genes often lack sufficient
distinguishing power (Ferndndez-Bravo & Figueras, 2020; Janda
& Abbott, 2010; Soler et al., 2004; Yafez, Catalan, Apraiz,
Figueras, & Martinez-Murcia, 2003). For more accurate
classification, genomic  methods, including multilocus
phylogenetic analysis (MLPA) and average nucleotide identity
(ANI), are increasingly preferred (Colston et al., 2014; Martinez-
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Murcia et al., 2011; Navarro & Martinez-Murcia, 2018; Richter
& Rossell6-Méra, 2009). Whole-genome sequencing (WGS)
combined with ANI, using a threshold 0f>96% identity to define
species boundaries, currently provides the the most robust method
for resolving taxonomic relationships. Still, practical challenges
limit its routine application.

MALDI-TOF MS is widely used in clinical and food labs
because it is fast and simple. However, its dependence on
phenotypic markers can lead to the misidentification of closely
related species, especially when distinguishing between
A. dhakensis and A. hydrophila (Bartie & Desbois, 2024; Chen,
Lamy, & Ko, 2016). Recent studies recognise A. dhakensis as a
separate and highly virulent species. Many infections previously
attributed to A. hydrophila have been reclassified due to
advancements in genomic methods. MLST and analyses of genes
like rpoD and gyrB support its designation as a taxonomically
independent species (Chen et al., 2016). WGS studies have also
shown significant differences in virulence and resistance genes
between the two organisms (Truong et al., 2024). These findings
highlight the critical role of genomic methods in achieving
accurate species identification. Although MALDI-TOF has
certain limitations, it serves as a practical preliminary tool,
whereas WGS-ANI currently provides the most reliable
taxonomic resolution (Recio et al., 2024; Vieira et al., 2025).

2.2. Morphological Characteristics

Species in the genus Aeromonas are Gram-negative, rod-
shaped, facultatively anaerobic bacteria that do not form spores
and show positivity for both oxidase and catalase. They are found
widely in nature, particularly in water and soil. Most motile
strains have a single polar flagellum, but some species can
develop peritrichous or lateral flagella when grown on solid
media. Cell size usually ranges from 0.3 to 1.0 um in width and
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1.0 to 3.5 pum in length. These bacteria ferment glucose and are
typically indole-positive. They grow best between 22 °C and
37 °C, but some psychrotrophic species can thrive at temperatures
as low as 0 °C and as high as 45 °C. This ability to tolerate cold
is important for their survival in chilled foods (Daskalov, 2006;
Isonhood & Drake, 2002; Palamae et al., 2025; Praveen, Debnath,
Shekhar, Dalai, & Ganguly, 2016).

2.3. Ecological Distribution and Adaptability

Aeromonas species are widely distributed in various
ecosystems, including freshwater, marine water, sewage, soil, and
food processing environments (Fernandez-Bravo & Figueras,
2020; Gongalves Pessoa et al., 2019; Yassen, EL-Naenaeey,
Omar, & Tartor, 2021). These bacteria, exhibiting both
saprophytic and pathogenic properties have the capacity to
survive for long periods in diverse environments (Berney,
Greening, Conrad, Jacobs, & Cook, 2014). The high frequency of
A. hydrophila, A. caviae, and A. veronii species reported in
environmental and clinical samples demonstrates their strong
adaptability (Bhowmick & Bhattacharjee, 2018; Carusi et al.,
2024; Fernandez-Bravo & Figueras, 2020).

Their environmental resistance is associated with biofilm
formation and the transmission of antimicrobial resistance genes.
These bacteria can persist for long periods by forming biofilms in
low-nutrient environments, chlorinated water systems, and on
food processing surfaces (Carusi et al., 2024). Biofilm protects
cells from disinfectants and facilitates the transfer of genes,
thereby mediating the spread of resistance genes. Aeromonas
species can also share resistance genes with microorganisms in
the environment via plasmids, thus increasing their adaptability
through horizontal gene transfer in the aquatic food ecosystem.
This characteristic has led the bacterium to be considered not only
an environmental microorganism but also a reservoir of
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antimicrobial resistance (Pessoa et al., 2022; Selim, Harun-Ur-
Rashid, Jahan, & Mohammed Elamir, 2025).

2.4. Pathogenicity and Virulence Characteristics of
Aeromonas Species

The ability of Aeromonas species to cause disease
involves multiple factors and several mechanisms. Adhesion to
host tissues, movement, toxin production, secretion system
activity, and various hydrolytic enzymes all play key roles in
disease development (Citterio & Francesca, 2015; Fernandez-
Bravo & Figueras, 2020). These microorganisms act as
opportunistic pathogens that can infect both humans and animals.
Research shows that Aeromonas can cause disease with even low
infectious doses, and infections may not always exhibit
symptoms. For this reason, the genus is recognized as a true
enteropathogen. The severity of illnesses linked to Aeromonas is
comparable to that of other major intestinal pathogens, such as
Campylobacter spp. and Salmonella spp. (Cui, Fang, Huang,
Dong, & Wang, 2017; Janda & Abbott, 2010; Pessoa et al., 2022;
Teunis & Figueras, 2016).

These bacteria cause many kinds of infections. They can
avoid the host's defense systems, stick to host tissues, and release
different toxins. (Ferndndez-Bravo & Figueras, 2020; Pessoa et
al., 2022).Current literature reports that A. hydrophila, A. veronii
biotype sobria, A. caviae, and A. dhakensis are the most common
species causing disease in humans (Fernandez-Bravo & Figueras,
2020; Janda & Abbott, 2010; Qu & Liu, 2024). While A.
hydrophila is considered a well-defined pathogen, the
pathogenicity of A. caviae and A. sobria remains under
investigation. A. sobria is a microorganism that overlaps with
other infection patterns and can complicate the clinical course,
and it has the capacity to cause gastrointestinal pathology in
humans (Hoel, Vadstein, & Jakobsen, 2017). Transmission of
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Aeromonas spp. infections mainly occur through contaminated
water and food (Figueras & Beaz-Hidalgo, 2015). These
microorganisms are often found in fish, shellfish, meat, milk,
vegetables, and ready-to-eat (RTE) products. This makes them a
serious concern for food safety at home and in the food industry.
Foodborne infections caused by Aeromonas typically present
with abdominal pain or cramping, diarrhea (which may be
bloody), nausea, vomiting, and, in some cases, fever. The
incubation period lasts from 12 hours to 7 days, with symptoms
commonly appearing within the first 24 to 48 hours (Fernandez-
Bravo & Figueras, 2020; Figueras & Beaz-Hidalgo, 2015;
Miyagi, Hirai, & Sano, 2016; Nuwamanya et al., 2025). Risk
factors for foodborne illness include poor hygiene practices,
improper cooking, unsuitable storage conditions, and low
consumer awareness (Fernandez-Bravo & Figueras, 2020;
Figueras & Beaz-Hidalgo, 2015). Seafood and fresh vegetables,
especially those consumed raw, are considered high-risk food
categories for Aeromonas contamination (Hoel et al., 2017).

The pathogenicity of Aeromonas species is quite complex
and is shaped by two main mechanisms:

(1) the production of various exotoxins and hydrolytic
enzymes that cause damage to host cells, and

(2) structural components that facilitate the bacterium's
adhesion to the host cell surface, colonization, and
invasion.

Gastrointestinal pathology arises when these bacteria
anchor to epithelial cells, breach cellular barriers, and secrete
toxin-mediated virulence factors. Specifically, A. hydrophila, A.
veronii, and A. caviae are the main species associated with
clinical conditions such as gastroenteritis, soft-tissue infections,
sepsis, and meningitis in humans (Fernandez-Bravo & Figueras,
2020; Pessoa et al., 2022). The ability of Aeromonas species to
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cause disease depends of these toxins into host cells. So far,
researchers have identified five secretion systems in this genus:
Type | (T1SS), Type Il (T2SS), Type 111 (T3SS), Type IV (T4SS),
and Type VI (T6SS). Extensive investigations in A. hydrophila
have clarified the operation of these systems, which play a pivotal
role in shaping host—pathogen interactions. However, we still do
not fully understand their exact impact on disease outcomes
(Pintor-Cora et al., 2023). Evidence from studies on shellfish
shows that these virulence factors are widespread. For instance,
in a study of hard-shell mussels (Mytilus coruscus), researchers
isolated several Aeromonas species, including A. salmonicida,
A. veronii, A. enteropelogenes, A. caviae, A. allosaccharophila,
and A. bivalvium. This result underscores the considerable genetic
and phenotypic variation among strains recovered from aquatic
food sources and their potential relevance to food safety. Their
findings indicated that the isolates frequently carried numerous
virulence-associated markers spanning motility genes, aerolysin
and hemolysin components, proteases, lipases, and several
cytotoxic ~ or  enterotoxic  gene  clusters  (Hossain,
Wickramanayake, Dahanayake, & Heo, 2020). Similarly, it has
been reported that A. hydrophila, A. veronii, A. caviae, and
A. enteropelogenes strains isolated from Pacific white-legged
shrimp showed high levels of DNase, protease, gelatinase, and
lipase activities (De Silva, Hossain, Dahanayake, & Heo, 2018).
These enzymes cause protein and lipid degradation in both host
tissues and food, increasing the bacteria's pathogenicity and the
risk of food spoilage.

3. AEROMONAS SPECIES IN VARIOUS FOODS

The widespread presence of Aeromonas species in various
food products is considered a significant indicator of both their
environmental  distribution  and  potential  foodborne
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contamination risks. In general, levels of motile mesophilic
Aeromonas species in foods have been reported to range between
10> and 10° cfu/g (Neyts, Huys, Uyttendaele, Swings, &
Debevere, 2000). Findings reported by Stratev et al. (2012),
indicate that Aeromonas contamination is particularly high in
meat, dairy products, vegetables, and ready-to-eat foods,
especially fish and seafood. Fish and seafood are among the most
important sources of these bacteria. A. hydrophila, A. caviae, and
A. veronii biovar sobria species are frequently encountered in
freshwater fish. For example, A. hydrophila was detected at a rate
of 36.1%, A. sobria at 35.7%, and A. caviae at 10.9% in catfish
fillets (Wang & Silva, 1999). Similarly, among the group of
isolates obtained from freshwater fish, the predominant species
detected were A. hydrophila and A. caviae (Erdem, Kariptas, &
Kaya, 2010). The analysis of marine fish revealed that A. veronii
biovar sobria was the most prevalent species, whereas A.
hydrophila and A. caviae were present in slightly smaller but still
considerable proportions ( Yucel, Aslim, & Beyatli, 2005). The
occurrence of positive samples in sea fish fillets has been
documented at approximately 62% (Herrera, Santos, Otero, &
Garcia-Lopez, 2006). It has also been reported that species such
as A. salmonicida (67.5%) and A. bestiarum (20.8%) are
predominant in frozen tilapia samples (Castro-
Escarpulli et al., 2003).

Current data confirm the high prevalence of Aeromonas in
ready-to-eat seafood: A. hydrophila was reported in 57.1% of
chilled oysters, 49.1% of sea bass sashimi, and 51.4% of salmon
sushi (Park, Kim, Choi, & Rhee, 2021). These values indicate a
significant public health risk, particularly in raw seafood
products.

Aeromonas contamination is also noteworthy in meat and
meat products. The detection of 66 strains of A. hydrophila in raw
meat indicates the prevalence of this species throughout the
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processing chain (Handfield, Simard, Couillard, & Letarte, 1996).
Positivity rates of 12.3% and 6.5% were reported in buffalo and
sheep meat, respectively; some studies have indicated that 14%
of frozen beef was positive (Osman, Aly, Kheader, & Mabrok,
2012). A. hydrophila was isolated from 53.75% of packaged
turkey meat (Koca & Sarimehmetoglu, 2009). In a study
conducted by Castro-Escarpulli et al. (2003), Aeromonas
positivity was detected in 47.17% of raw chicken samples. This
result indicates a high risk of contamination, particularly in
poultry meat. Ghenghesh, Ahmed, El-Khalek, Al-Gendy, &
Klena, (2008) emphasize that the presence of Aeromonas in meat
products is mostly associated with waterborne contamination,
improper cleaning practices, and inadequate hygiene
management. Aeromonas species have also been reported to be
commonly detected in milk and dairy products; this indicates that
the bacterium can persist throughout both animal-derived
production stages and the processed food chain. In raw cow’s
milk, A. hydrophila has been detected at frequencies varying
between roughly 17% and 48% (Subashkumar, Thayumanavan,
Vivekanandhan, Savithamani, & Lakshmanaperumalsamy, 2006;
Nihal Yucel & Citak, 2003). It has also been noted that species
such as A. caviae and A. sobria can be found at levels of 10>-103
cfu/ml (Melas, Papageorgiou, & Mantis, 1999; Yadav & Kumar,
2000). On the other hand, some studies have reported that
Aeromonas was not detected in pasteurized milk samples,
suggesting that the heat treatment applied significantly
inactivated the bacteria

Contamination rates in RTE foods are also a cause for
concern. It has been reported that 48% of A. hydrophila strains
isolated from RTE products are haemolytic and 92% are
cytotoxins (Handfield et al.,1996). Aeromonas positivity in
ready-to-eat vegetable salads reaches up to 61.5% (Xanthopoulos,
Tzanetakis, & Litopoulou-Tzanetaki, 2010). All caviar samples

10



Veteriner Gida Hijyeni ve Teknolojisi

were found to be Aeromonas positive (Hanninen, Oivanen, &
Hirveld-Koski, 1997). The positivity rate in RTE sandwiches
packaged in a modified atmosphere was found to be 3.7%
(Camellini, Iseppi, Condo, & Messi, 2021).

Furthermore, some Aeromonas species can survive even
in cold storage conditions of certain foods. They can grow to a
limited degree at low temperatures (Hoel, Vadstein, & Jakobsen,
2019). Additionally, Aeromonas species not only stay viable in
various foods stored at refrigerator temperatures between -2 and
10 °C, but they can also produce certain virulence factors under
these conditions (Castro-Escarpulli et al.,, 2003). However,
Aeromonas species are sensitive to heat and can be effectively
killed by using proper pasteurization processes at 70 °C in meat
products (Feiner, 2006).

4. ANTIMICROBIAL RESISTANCE IN
FOODBORNE AEROMONAS: MECHANISMS,
GENE PROFILES, AND FOOD SAFETY
IMPLICATIONS

The rise in antimicrobial resistance among Aeromonas
species represents an important concern for food safety and public
health. Multiple investigations have shown that these organisms
now frequently display reduced susceptibility to p-lactams,
tetracyclines, aminoglycosides, and fluoroquinolones (Carusi et
al., 2024; Teodoro, Carvalho, Queiroz, Levy, & Kabuki, 2022).
The fact that most resistance genes identified in food-borne
strains are located on mobile genetic elements, such as plasmids,
integrons, and transposons, facilitates the easy spread of these
genes in the environment and throughout the food chain.

Lee et al. (2023) identified various resistance markers in
different Aeromonas isolates; showing that markers such as -
lactamases (cphA, blaOXA), quinolone resistance genes (gqnrS2),

11
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and sulfonamide/aminoglycoside resistance genes (sull, aadAl)
are particularly associated with plasmids and class 1 integrons in
A. rivipollensis and A. caviae strains. This indicates that the
aforementioned resistance genes can spread rapidly between
species and in environmental settings via horizontal gene transfer.

High resistance rates to ampicillin, ceftazidime, and
cefotaxime have also been reported in A. hydrophila isolates a
weak but significant link has been identified between [-lactam
resistance and virulence genes, such as aerA, hlyA, and ast.
(Ramadan, Ibrahim, Samir, Abd El-Moaty, & Gad, 2018).

The inappropriate and excessive use of antibiotics in food-
producing animal systems significantly accelerates the
emergence and spread of antimicrobial resistance. It is known that
antibiotics are mainly used for prophylactic purposes in livestock
activities, including aquaculture; however, most of these
prophylactic uses can be eliminated without adversely affecting
animal health or production efficiency through good hygiene
practices (Cabello, 2004). These findings point to the necessity of
limiting antimicrobial use within food systems and improving
hygiene-focused control practices.

4.1. Antimicrobial Resistance Mechanisms

Antimicrobial resistance in Aeromonas species comes
from both inherent and gained mechanisms. However, these
mechanisms differ significantly among species and especially
among individual isolates. As a result, they are not found in all
Aeromonas strains. The primary resistance mechanisms noted in
some isolates are listed below.

1. Hydrolysis of B-lactam antibiotics:
Natural B-lactamase production is largely mediated by
AmpC cephalosporinases and carbapenemases such as
blaCphA. AmpC enzymes confer resistance to

12
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cephalosporins, while CphA provides specific resistance
to carbapenems (Carusi et al., 2024).

2. Antibiotic Efflux and Limitation of Membrane
Passage:
Efflux systems actively expel antibiotics from the cell,
decreasing the effectiveness of fluoroquinolones and
tetracyclines.  Concurrently, alterations in  outer
membrane porins limit the entry of antibiotics (Teodoro et
al., 2022).

3. Target site modifications:

Quinolone resistance comes from mutations in the gyrA
and parC genes. Sulfonamide resistance is associated with
alterations in folate synthesis enzymes or the acquisition
of sull or sul2 genes ( Lee et al., 2023)

4. Acquisition of resistance via mobile genetic elements:
Aeromonas strains transfer resistance genes to other
bacteria through plasmids, transposons, and integrons.
Notably, the class 1 integron intl1 plays a central role in
mobilizing sull and aadA1l resistance genes (Carusi et al.,
2024).

Taken together, the multidrug-resistant nature of
numerous Aeromonas isolates reflects a combination of inherent
resistance traits and additional genes obtained through horizontal
transfer. These features enable the genus to act as a notable
reservoir and vector for antimicrobial resistance across food
systems.

4.2. Antimicrobial Resistance and Virulence Gene
Profiles in Foodborne Aeromonas Species

Foodborne Aeromonas species display considerable
variability in their virulence genes and antimicrobial resistance
patterns. Recent studies, summarized in Table 1, show that

13
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isolates from diverse food sources commonly harbor multiple
virulence markers and demonstrate rising multidrug resistance.

Table 1. Antimicrobial Resistance and Virulence Gene Profiles of
Foodborne Aeromonas Species Reported in the Literature

Food Aeromonas Virulence Antimicrobial
Reference - Resistance Key Findings
Type Species Genes -
Profile
0,
05460 ~ L00%
) Chicken ) ampicillin identification via
Elbehiry A. hydrophila MALDI-TOF
meat . 50% L
etal. and A. caviae, — cefotaxime MS; widespread
(2019) water A. sobria 45.45% B-_Iactam and
- quinolone
fluoroquinolones .
resistance.
A. salmonicida
Hossain et A. veronii Fla, aer, High prevalence
al Mussels A.enteropelogenes A. hlyA,ahyB, 100% MDR  of virulent and
(2'020) caviae, gcaT,serlip, MARI 0.11-0.44 MDR strains in
A.allosaccharophila alt, ast, act mussels.
A. bivalvium
Leeetal. RTE  ‘vmedia alt hiyA  100% ampicillin PR strains
(2021) seafood A. salmonicida aerA, act 98% MDR isolated from
A. bestiarum ' RTE seafood.
A. salmonicida Dominant
A. bestiarum combination of
Fresh  A. dhakensis act/alt/hlyAlaerA
I(-é(())ell;;t al. retail A. caviae ZZAASE{:@{ (63%); high
sushi A. media T hemolysis rate
A. hydrophila (91%); significant
A. piscicola public health risk.
High prevalence
in raw oysters
Seafood 4
Park et al. ' . and sushi
(2021) RTE' A. hydrophila aer, ast, alt — (57.1%), with
sushi - .
higher rates in
summer.
Fish A. veronii tetE, blaTEM,
shrim A. caviae tetA, gnrs,
clamsp A. dhakensis Most aac(6)-Ib, A. dhakensis and
Quetal. igs A. salmonicida common: mcr-1, mer-3  A. hydrophila
(2022) Eh@i’ckens A. bivalvium act, fla, MDR rate:  were most
A. jandaei aexT, ascV 11.4%; 93.7% virulent
cows - :
sheep A. media resistant to
A. hydrophila cefazolin
Positive
Ramadan 100% cefoxitin correlation
. aerA, hlyA,  84% ampicillin  between
etal. Mullet  A. hydrophila bi % ceftazidi irul d
(2018) ast, blargm 56% ceftazidime virulence and B-

40% cefotaxime

lactamase genes
(R=0.3).
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4.3. Dissemination of Antimicrobial Resistance
Through the Food Chain and Public Health Risks

Antimicrobial resistance (AMR) is recognized as one of
the most critical global issues today, affecting both public health
and food safety. Foodborne bacteria present a dual threat. They
can directly cause disease and spread resistance genes throughout
the environment and food chain.

The presence of Aeromonas species in fish, shellfish,
vegetables, and other foods exposed to contaminated water
indicates poor hygiene and sanitation practices during production
and processing (Cortes-Sanchez et al., 2019; Lanzarin, Winter,
Ritter, & Cabral, 2024; Sheng & Wang, 2021). Thus, Aeromonas
spp. function as important reference organisms in determining
both water quality status and the adequacy of food safety
management practices.

Genomic studies have shown that Aeromonas isolates
carry many antimicrobial resistance genes, including p-lactamase
(blaTEM, blaOXA, blaCphA), tetracycline (tetA, tetE),
sulfonamide (sull), and quinolone (gqnrS2) genes (Carusi et al.,
2024; Lee et al., 2023; Pintor-Cora et al., 2023; Teodoro et al.,
2022). Many of these genes are found on mobile genetic elements,
like plasmids, transposons, and integrons. This allows for easy
horizontal gene transfer between species in aquatic and food-
related environments.

The wide rate of -lactamase genes in Aeromonas strains
from RTE seafood raises serious concerns. It increases the chance
of resistance genes spreading within the food chain. Additionally,
genes such as qgnrS2, sull, and aadAl are often linked with
integrons (intl1l) and transposons (Tn521). This suggests that
seafood and aquatic settings may serve as reservoirs for these
mobile resistance genes ( Lee et al., 2023).
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Beyond antibiotic resistance genes (ARGS), genomic
evidence shows that Aeromonas species also possess several
virulence genes, including aerA, hlyA, alt, ast, and act. This
phenomenon, known as the “co-occurrence of resistance and
virulence,” enhances both environmental durability and disease-
causing ability (Hoel et al., 2017; Pintor-Cora et al., 2023).
Aeromonas species have been recovered from a wide range of
food and environmental sources including water, aquatic animals,
milk, and various RTE items consumed without heating and many
strains now display elevated resistance to [-lactams,
tetracyclines, aminoglycosides, and quinolones. The recovery of
Aeromonas from raw or partially cooked seafood reflects the
possibility of contamination at various nodes of the seafood
supply chain, ranging from pre-harvest operations to end-user
handling. Therefore, Aeromonas spp. should be seen not only as
environmental microbes but also as zoonotic pathogens that can
spread resistance genes through the food chain ( Lee et al., 2021).

Within food safety management systems particularly
HACCP and ISO 22000 systematic tracking of Aeromonas is a
key component for mitigating contamination risks and restricting
the propagation of resistance determinants. Their environmental
robustness, array of virulence factors, and multidrug-resistant
nature underscore their relevance in such assessments.

5. CONCLUSION

Aeromonas species are widely distributed in natural
environments and are capable of causing opportunistic infections
under suitable conditions. Their persistence across various stages
of the water and food chain heightens the likelihood of human
exposure. Owing to their broad range of virulence attributes and
strong tolerance to environmental stressors, these organisms can
remain viable for extended periods within the interconnected
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water—food—human continuum. The studies summarized in
Table 1 demonstrate that the A. hydrophila, A. caviae, A. veronii,
and A. dhakensis species, in particular, can simultaneously carry
multiple virulence and antimicrobial resistance genes. The role of
secretion systems such as T2SS and T6SS in toxin transfer, the
ability to form biofilms, and gene transfer via plasmid—integron
structures are key factors that enhance these bacteria’s ability to
withstand environmental stresses and to initiate disease.

These findings indicate that Aeromonas species should be
regarded as naturally occurring microorganisms that can also act
as major risk factors, requiring close monitoring in terms of food
safety, antimicrobial resistance, and public health. Reducing
contamination from water and aquatic products, strengthening
biofilm control strategies, promoting effective hygiene practices,
and regularly monitoring resistance genes are of great importance
for the safe management of the food chain.
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THE MULTIFACETED USE OF ULTRASOUND
IN FOOD TECHNOLOGY AND MOLECULAR
GASTRONOMY

Basak Gok¢e COL!

1. INTRODUCTION

Ultrasonic waves are a type of energy created by sound
waves at frequencies above 16 kHz, which people cannot hear
(Jayasooriya, Bhandari, Torley, & D’Arcy, 2004). These high-
frequency waves are used in various scientific and industrial
areas, such as medical imaging, surface cleaning,
nanotechnology, and environmental disinfection. They have also
become an important processing method in the food industry
(Majid, Nayik, & Nanda, 2015). In food processing, ultrasound
offers several benefits, including improved product quality,
reduced processing times, and increased energy efficiency
(Suslick & Price, 1999).

One key benefit of ultrasound technology in the food
industry is its potential to enhance microbiological safety.
Ultrasound can help break down microbes by disrupting their cell
walls. It has been proven to reduce pathogens in meat and meat
products effectively (Bhat & Goh, 2017; Pohlman, Dikeman, &
Zayas, 1997a). Additionally, ultrasound treatment boosts protease
activity, which leads to more tender meat, and it also causes
positive changes in color, viscosity, and other quality factors
(Jayasooriya, Torley, D’Arcy, & Bhandari, 2007).

1 Department of Gastronomy and Culinary Arts, Faculty of Tourism, Dokuz Eyll
University, Izmir, Tiirkiye. ORCID: 0000-0002-7627-9867.
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Beyond its antimicrobial properties, ultrasound is crucial
for keeping the nutritional value of foods intact. It helps extract
vitamins, antioxidants, and phenolic compounds by disrupting
cell walls, which reduces nutrient loss in fruits and vegetables
during processing (Chemat et al., 2017). When compared to
traditional methods, ultrasound-assisted techniques yield higher
outputs in less time, resulting in energy savings and improved
production efficiency (Khadhraoui, Ummat, Tiwari, Fabiano-
Tixier, & Chemat, 2021).

Recently, ultrasound technology has garnered interest not
only in industrial processing but also in modern cooking
techniques, such as molecular gastronomy. In this area, chefs
have adapted scientific laboratory tools, such as rotary
evaporators, sintered glass filters, and ultrasonic probes, for
culinary use. Techniques such as ultrasonic extraction, infusion,
emulsification, and homogenization allow chefs and food
scientists to manipulate aroma, texture, and flavor with
remarkable precision (Chemat, Zill-e-Huma, & Khan, 2011).

One of the first studies showing ultrasound's culinary
applications was by Pingret, Fabiano-Tixier, Petitcolas,
Canselier, and Chemat (2011). They compared ultrasound-
assisted desserts with conventionally made ones, revealing that
the ultrasonic method produced better sensory and
physicochemical results.

Collaborations between scientists and chefs, such as
physicist Peter Barham with Chef Heston Blumenthal, French
scientist Hervé This with Chef Pierre Gagnaire, and Italian
scientist Davide Cassi with Chef Ettore Bocchia, have
significantly enhanced our understanding of the science behind
culinary experiences (Caporaso & Formisano, 2016).

In summary, ultrasound technology has a significant role
in the food industry. Its increasing use in molecular gastronomy
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shows its potential to connect science and cooking. Enhancing
our understanding and application of ultrasound in gastronomy
will lead to innovative processing methods, enhanced sensory
experiences, and more sustainable cooking practices.

This section will outline the applications of ultrasound
technology in food technology and gastronomy, addressing its
role in food processing and its use in various culinary techniques.
It will also outline how ultrasound connects these two disciplines
and indicate potential directions for future research and practice.

2. ULTRASOUND TECHNOLOGY,; DEFINITION
AND FUNDAMENTAL PRINCIPLES

Ultrasound is a technology widely used in the food
industry that utilizes high-frequency sound vibrations. In food
processing and preservation, ultrasound can be categorized into
two main types: low-intensity (100 kHz-1 MHz) and high-
intensity (20-100 kHz) ultrasound (Awad, Moharram, Shaltout,
Asker, & Youssef, 2012; Chemat et al., 2011; Jambrak, Mason,
Lelas, Paniwnyk, & Herceg, 2014).

Low-intensity ultrasound is primarily used for
nondestructive  applications, such as homogenization,
emulsification, and extraction, without altering the structural
integrity of food components. It is also beneficial in microbial
inactivation and enzyme control (Chavez-Martinez et al., 2020;
Knorr, Zenker, Heinz, & Lee, 2004).

High-intensity ultrasound (20-100 kHz), which requires
greater energy, is used for disruptive applications such as cell wall
breakdown, molecular structural alteration, or the extraction of
bioactive compounds (Awad et al., 2012; Chemat et al., 2011). Its
fundamental mechanism relies on acoustic cavitation, which
produces high temperatures and pressures in localized areas,
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resulting in strong microturbulence (Silva, Gomes, Hubinger,
Cunha, & Meireles, 2015; Wen et al., 2018).

At solid-liquid interfaces, cavitation creates microjets that
lower the diffusion boundary layer. Bubble collapse also induces
free radical formation, chemical bond rupture, and intense
mechanical shear, accelerating reactions, homogenization, and
membrane disruption. The magnitude of these effects depends on
factors including power density, frequency, and processing
duration (Ojha, Tiwari, & O’Donnell, 2018).

3. ULTRASOUND APPLICATIONS
3.1. Food Technology Applications

Since the 1990s, ultrasound technology has become a
widely adopted alternative process in the food industry (Bates &
Patist, 2010). It has been used in many food technology processes,
including homogenization, mixing, extraction, filtration,
crystallization, dehydration, fermentation, and degassing. The
benefits of ultrasonic processing include foam prevention,
particle size reduction, viscosity modification, cell disruption,
microbial and enzymatic inactivation, and equipment sterilization
(Kiani, Zhang, Delgado, & Sun, 2011).

The effects of ultrasound on liquid systems are mainly
attributed to the high temperature and pressure generated during
cavitation, which enhances the functional properties of
hydrophobic groups in food matrices (Arzeni et al., 2012).
Ultrasonic cutting technology allows for rapid, precise slicing of
difficult-to-process foods such as cakes, bread, pizza, cheese,
chocolate bars, and confectionery. It improves cutting uniformity
and aesthetics in multi-layered products while also simplifying
packaging processes (Bhargava, Mor, Kumar, & Sharanagat,
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2020; Liu, Jia, Xu, & Li, 2015; Schneider, Zahn, Schindler, &
Rohm, 2009).

Pohlman, Zayas, Dikeman, and Unruh (1997b)
demonstrated that ultrasound can accelerate cooking time,
improve energy efficiency, and enhance textural characteristics of
meat. Additionally, ultrasonic cleaning systems are widely used
for the removal of residues, maintenance of machinery, and
cleaning of small-scale molds within food production facilities.
This method effectively cleans metallic surfaces and complex
equipment components within minutes, providing notable
advantages in cured meat processing (Mason, 2016).

In the field of functional foods, researchers have also
investigated using ultrasound to change plant-based ingredients
like aquafaba, the thick liquid that comes from cooking pulses.
Agquafaba contains proteins and carbohydrates that provide
foaming, emulsifying, gelling, and thickening properties (He,
Meda, Reaney, & Mustafa, 2021; Serventi, 2020). Recent studies
have shown that ultrasound treatment enhances the foaming
capacity and stability of aquafaba, improving its functional
performance (Kilicli & Toker, 2022). It has been observed that
applying ultrasound at 50% and 100% power for 10-30 minutes
to chickpea aquafaba improved foaming and emulsifying
properties while increasing lightness (L*) values. (Meurer, de
Souza, & Ferreira Marczak, 2020). Similarly, ultrasonic treatment
of green pea aquafaba increased foaming capacity from 575% to
725% and improved foam stability (Kilicli, Ozmen, Bayram, &
Toker, 2023).

Ultrasound-assisted hydrolysis has been shown to
enhance flavor precursor generation in protein hydrolysates. Pre-
treating chicken liver proteins with ultrasound reduced particle
size and increased flavor compound content after Maillard
reaction (Chen, Zou, Wang, Xiong, & Xu, 2020). Likewise, Cai
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et al. (2024), found that ultrasound-treated squid viscera
(Dosidicus gigas) exhibited a significantly higher degree of
hydrolysis (45.67 + 0.34%) after 40 minutes compared to other
treatments.

Ultrasound shows promise in fermentation processes. In
traditional and mango-flavored kombucha, sonication influenced
metabolic reactions, accelerating sugar consumption and
enhancing the production of organic acids such as gluconic,
propionic, and isobutyric acid (Fonteles et al., 2024).

In vegetable-based formulations, Martinez-Zamora,
Castillejo, and Artés-Hernandez (2023) reported that ultrasound
treatment (50 °C, 35 kHz, 12 min) on hummus enriched with 2%
mustard sprouts preserved vitamin C levels and increased
sulforaphane content by 10-24% compared to controls.

In meat technology, high-power ultrasound improves
tenderness by breaking down muscle structure and reducing
stiffness in both myofibrils and collagen.
Jayasooriya et al. (2007) showed that ultrasound treatment
(24 kHz, 12 W/cm?, 240 s) alleviated the tenderness of the
Longissimus lumborum et thoracis and Semitendinosus muscles
in beef without negatively impacting other quality factors.
Ultrasound has also been applied in the development of natural
colorants. (Strieder, Neves, Silva, and Meireles (2020)
successfully produced a novel blue pigment through cross-linking
between milk proteins and genipin extracted from unripe Genipa
americana L. fruits using low-frequency, high-power ultrasound.
This natural pigment demonstrated excellent color stability in
dairy-based products, including ice cream, beverages, and
confectionery.

Zhai et al. (2021) found that ultrasound significantly
shortened the aging time of crabapple vinegar (Malus asiatica)
while enhancing its flavor profile. In a similar study, (Jiménez
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Mufioz, Sotelo Diaz, Salgado Rohner, Caez Ramirez, and
Filomena Ambrosio (2019) reported that applying high-power
ultrasound (37 kHz; 150 W) to lionfish surimi patties increased
hardness by 35.1%, reduced stickiness by 89.7%, and decreased
chewiness by 49.1%, thus improving textural and sensory
properties.

Furthermore, ultrasound-assisted extraction has shown
remarkable efficiency in recovering bioactive compounds from
herbs such as sage (Salvia officinalis) and mint (Mentha piperita).
Under optimized conditions (40 °C, 10 min, 400 W), ultrasound
significantly increased extraction vyield, bioactivity, and
bioavailability compared to conventional methods (Dogan,
Akman, & Térnik, 2019).

In the context of traditional Turkish beverages, Doguer,
Yikmis, Levent, and Turkol, (2021) demonstrated that
ultrasonication of sirkencubin (a vinegar—honey drink enriched
with purple basil) enhanced antioxidant activity and increased
phenolic and aromatic compounds, leading to greater consumer
acceptance and potential anticancer effects in vitro. Similarly,
(Yikmis, Aksu, Altunatmaz, and COl (2021) found that
ultrasound treatment (26 kHz, 200 W, 2 to 10 min, 60 to 80%
amplitude) improved microbial quality and increased ACE
inhibitory and antidiabetic properties in samples of tomato
vinegar.

Rodriguez-Rico et al. (2022) also showed that high-
intensity ultrasound treatment of melon juice increased total
carotenoid content by 42%, enhanced antioxidant capacity, and
improved microbiological safety, thereby confirming its potential
as a non-thermal processing technique.

3.2. Molecular Gastronomy Applications

Molecular gastronomy is an innovative field that has
evolved through the application of scientific principles to culinary
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practices, often defined as “cooking with a scientific approach.”
In this approach, sensory characteristics such as taste, aroma, and
texture are examined using scientific methods; laboratory-based
techniques are adapted to advanced cooking processes (Spence &
Youssef, 2018). Unlike traditional food science, which focuses on
industrial production, nutrition, and safety, molecular gastronomy
examines the physical, chemical, and biological processes
involved in cooking, and these principles can be applied in both
restaurants and home Kkitchens. It is also closely related to
gastronomic culture (Barham et al., 2010). These studies,
conducted using analytical instruments employed in basic
sciences, have paved the way for the emergence of modern
applications known as “molecular cooking” in the Kkitchen
(Caporaso, 2021; This, 2009).

In recent years, the pursuit of innovation and excellence
in the field of gastronomy has increased significantly. Chefs and
food scientists have begun to utilize science and technology more
frequently to enhance sensory characteristics such as taste, aroma,
and texture. In this regard, developments in food science and
technology have made significant contributions to the
diversification of gastronomic applications, the integration of
modern techniques into kitchens, and the emergence of creative
cooking methods (Baslar, 2024).

Within the realm of molecular gastronomy applications,
ultrasonic technology stands out as a contemporary tool that
combines creativity and functionality. The cavitation effect
generated by ultrasonic waves accelerates processes such as
extraction, infusion, emulsification, and homogenization,
enabling the development of new flavor, aroma, and texture
profiles. The major culinary and mixology applications of
sonication are further summarized in Table 1 (Anonymous,
2025).
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Table 1. Applications of Sonication in Molecular Gastronomy

Example
Applications

Extraction of aromatic, pigment, or Cold-brew coffee,
bioactive compounds from plants, botanical extracts,

Application Area Description

UItrasonlc fruits, or herbs through cavitation, caffeine or
Extraction .
enhancing mass transfer and polyphenol
extraction yield. extraction.
. Rapid infusion of flavors into oils, Chili or garlic-
Infusion L . . !
. syrups, or spirits via ultrasonic infused oils,
(Flavored Qils e ;
L agitation, allowing deep flavor lavender vodka,
and Liquids) L ! )
penetration in a short time. fruit syrups.
e - Formation of stable emulsions Creamy
Emulsification . - L
and Fhrough_ ultrasonic shearing, vinaigrettes, f_ogms,
. improving smoothness, mouthfeel, sauces, emulsified
Homogenization - .
and visual appeal. dressings.
Disruption of muscle fibers “Meat Buzzer”

Meat Tenderizing enhances marinade penetration, ultrasonic steak
and Marination  improving tenderness and flavor  tenderization, rapid
development. marination.

Ultrasonic cell disruption releases

Purees and Smoothies,
. natural sugars and aromas, .
Fruit/Vegetable . ; vegetable purées,
. improving flavor, sweetness, and :
Processing fruit concentrates.

texture.

Acceleration of aging reactions by

Ultrasonic Aging reducing acidity and enhancing

Ultrasonically aged

(Wine and d wines, aromatic
. flavor complexity through .
Vinegar) Lo . vinegars.
ultrasonic micro-mixing.
Ultrasonic-

Improves porosity, surface

. . - enhanced French
crispness, and oil absorption

Ultrasonic Frying

Enhancement behavior durina frvin fries (Modernist
g 1rying. Cuisine).
Ultrasound enables rapid
extraction, infusion,
. emulsification, and accelerated Oak-aged whiskey,
Cocktail and . . ° :
. aging of beverages. Chefs and citrus-infused gin,
Mixology - -
.22 bartenders use portable sonicators herbal cocktails,
Applications

(e.g., UP200HTt) to achieve oak- lavender rum.
aged or botanical flavor profiles
within minutes.
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4. CONCLUSION

Ultrasound technology represents an innovative and
versatile processing tool with a wide range of applications in both
the food industry and the culinary applications. Its
multifunctional advantages in food processing, preservation, and
quality enhancement have made it an essential method in modern
production systems as well as in contemporary culinary practices.
The preservation of heat-sensitive compounds, reduction in
processing time, improvement in energy efficiency, and better
microbial safety show its potential for wider use in future food
manufacturing.

The physical and chemical effects generated by ultrasonic
waves lead to significant improvements in the texture, flavor,
aroma, and nutritional value of foods. From the perspective of
molecular gastronomy, ultrasound is no longer limited to
laboratory-scale studies but has been actively integrated into
professional kitchens. The use of probe-type sonicators for
extraction, infusion, emulsification, homogenization, and textural
modification has introduced a new dimension to modern
gastronomy both technically and aesthetically. Today, chefs and
mixologists in top restaurants and bars use ultrasonic technology
to create unique flavor profiles, strong aromas, and different
textural combinations. Applications such as flavor infusion, rapid
aging, and beverage emulsification have produced remarkable
sensory and functional outcomes.

In the near future, ultrasound is expected to be further
integrated into smart Kitchen systems, automated cooking
equipment, and sensor-based quality control mechanisms,
expanding its scope of application. Moreover, combining
ultrasound with other new food processing technologies like
high-pressure processing, pulsed electric fields, ozonation,
microwave, and laser-assisted systems will create new
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opportunities for improving processing efficiency and product
quality. Such hybrid approaches also support global sustainability
goals by lowering energy use and encouraging eco-efficient
production systems. However, some limitations still restrict the
widespread use of ultrasound in culinary and industrial
applications. The lack of standard processing parameters, like
frequency, amplitude, duration, and power intensity, requires
optimization for each specific food matrix. High equipment costs,
challenges in scale-up, and potential undesirable chemical or
sensory changes during processing can limit practical
implementation. Additionally, the risks of oxidative degradation,
cleaning difficulties, and operational energy demands must be
carefully managed.

In conclusion, ultrasound technology remains a powerful
tool that bridges scientific innovation and culinary creativity.
Strengthening interdisciplinary collaboration between scientists,
engineers, and chefs will enable more creative, efficient, and
sustainable applications of this technology in professional
kitchens, while also contributing to overcoming current
challenges and deepening the scientific foundations of
gastronomy.
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PESTISITLERIN SUT URUNLERI OLUSUMU
VE KALITESINE ETKILERi: KIMYASAL,
MIiKROBIYOLOJIK VE GIDA GUVENLIGI

BOYUTLARI

Sezen HARMANKAYA!
Ahmet HARMANKAYA?

1. GIRIS

Pestisitler gida endiistrisinde liretim verimliligini artirmak
ayn1 zamanda tiriinlerin kalite ve goriiniimiinii iyilestirmek i¢in
yaygin olarak kullanilmaktadir. Ozellikle tarimda kullanilan
pestisitler 6zellikle sut wve st drunlerini de kontamine
edebilmektedir. Ayrica siit triinleri {iretiminde kullanilan
hammadde ve katki maddelerinde pestisit kalintilarinin
bulunmasi, gida giivenligi agisindan endise verici boyutta riskler
tasimaktadir. Bu nedenle pestisitlerin kalinti diizeylerinin
belirlenmesi ve kontrol altinda tutulmasi, gida gilivenliginin
saglanmas1 icin temel unsurlardan biridir. Ayrica pestisitlerin
yogurt, kefir, peynir gibi fermente siit iiriinlerinin olusumu
sirasindaki  mikrobiyolojik ve enzimatik surecler UGzerindeki
etkileri de  dikkate almmalidir.  Ciinkii  pestisitler,
mikroorganizmalarin  aktivitelerini  engelleyebilir  veya
degistirebilir. Bu durum da {irliniin kalitesinin bozulmasina,
istenmeyen tat ve aroma gelisimine neden olabilir (Anani et al.,
2020). Bu problemler tiiketici sagligimi  dogrudan

L Dr. Ogrt. Uyesi, Kafkas Universitesi, Kars Meslek Yiiksekokulu, Gida Isleme
Bolimu, ORCID: 0000-0003-2498-5003.

2 Dr. Oprt. Uyesi, Kafkas Universitesi, Fen Edebiyat Fakiiltesi, Kimya Bélimi,
ORCID: 0000-0001-9923-6723.

49



Veteriner Gida Hijyeni ve Teknolojisi

etkileyebilecegi gibi, ayn1 zamanda {irlinlerin kalite 6zelliklerini
de etkileyerek ekonomik kayiplara neden olabilir. Dolayisiyla
pestisitlerin st Granleri Gretim strecine olan etkilerinin bilinmesi
ve bu etkilerin en aza indirilmesine yonelik stratejilerin
gelistirilmesi, siirdiiriilebilir ve giivenilir gida iiretimi acisindan
biiyilk Onem tasimaktadir. Gida giivenligini ve Kkalite
standartlarini  korumak i¢in {iretim zincirinde pestisitlerin
kullantmin1  sinirlandiran uygulamalarin  gelistirilmesi biiyiik
Onem tagimaktadir. Sonug olarak, pestisitlerin siit tirlinleri olusum
stirecine ve kalitesine etkileri, sadece duyusal acidan degil, ayni
zamanda gida giivenligi acisindan da 6énemli bir konudur ve bu
alandaki ¢calismalarin siirekli gelistirilmesi gerekmektedir (Fan, &
Jackson, 1989).

2. PESTISITLERIN GIDA GUVENLIGIi VE INSAN
SAGLIGI UZERINE ETKIiSi

Gida giivenligi acisindan  bakildiginda, pestisit
kalintilarinin yasal sinirlarin tizerinde bulunmasi, gastrointestinal
sorunlar, alerjik reaksiyonlar veya kronik hastaliklarin riskini
artirabilir. Pestisitlerin yagda ¢o6zlinebilme 06zelligine sahip
olmasi, viicut yag dokularinda kolaylikla birikerek insan siitline
dahi gecebilmelerine neden olmaktadir (Sonawane, 1995). 37
adet anne siitiiniin incelendigi bir ¢aligmada siitlerde 1.595 mg/kg
yag DDT, 0.003 ng/kg yag HCB ve 0.151 mg/kg yag HCH
kalintisina rastlanmistir (Erdogrul, et al., 2004). Uzun sureli
pestisit alimi kanser, hormonal bozukluk, karaciger ve sinir
sistemi hasarlarina neden olabilir (Karakaya, & Boyraz, 1992).
Ozellikle bu durumdan cocuklar ve bebekler daha fazla
etkilenebilir. Yine pestisitli sutlerin bebek ve kicuk c¢ocuk
beslenmesinde  kullanilmasi  olast  risklerin  ciddiyetini
artirmaktadir. Ayrica, pestisitlerin yogun kullanimi, bakterilerin
antibiyotiklere karsida direng gelistirmesine neden olarak, toplum
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sagligi a¢isindan uzun vadeli sorunlara yol agabilir. Bu baglamda,
gida {iretim zincirinde pestisit kalintilarinin minimize edilmesi,
duzenleyici standartlara uygunluk ve sirekli denetimlerin
saglanmast mutlak bir gereklilik olarak ortaya c¢ikmaktadir.
Dolayisiyla, iiretim siireglerinde dikkatli ve bilingli pestisit
kullanimu ile giivenli, saglikl ve kaliteli siit iirlinlerinin tiiketiciye
sunulmasi, hem bireysel sagligin korunmas: hem de genel gida
giivenligi acisindan hayati 6neme sahiptir.

Pestisit kalintilari, tiiketiciye ulasmadan 6nce hijyenik ve
kalite standartlarina uygun {iretim ortamlarinda  bile
kontaminasyon kaynagi olabilmektedir. Bu kimyasal maddelerin
yogurt gibi hassas Triinlerde kalintt birakmasi, 6zellikle
mikrobiyal dengeyi olumsuz etkileyerek patojenlerin gelisimine
zemin hazirlayabilir. Ayn1 zamanda, pestisitler icerdigi bilesikler
araciligiyla gidada biyokimyasal degisikliklere neden olabilir, bu
da tiiketicilerin saghigim1 tehdit eden farkli riskleri ortaya
cikarabilir. Bu nedenle, pestisitlerin siit {iriinlerine bulagmasi,
hem {irlin kalitesini diisiirmekte hem de tiiketici saglig1 agisindan
ciddi riskler olusturmaktadir.

3. PESTISITLER VE SUT URUNLERI
URETIMINDE POTANSIYEL BULASMA
KAYNAKLARI

Pestisitler, bitki koruma amaciyla tarimsal iiretimde
yaygin olarak kullanilan kimyasal maddeler olup, siit {iriinleri
tiretim stirecinde ¢esitli bulasma kaynaklar1 araciligiyla
kontaminasyona neden olabilir. Bunlarin en temel kaynaklari, ilk
olarak sit ineklerinin beslenmesinde kullanilan yemler ve su
kaynaklaridir. Tarmmsal alanlarda uygulanan pestisitler,
bitkiselden hayvansal iiretime kadar bir¢ok asamada c¢evreye
yayillmakta ve hayvanlarin yemlerine ulasabilmektedir. Bu
durumda, ineklerin giinliik beslenmesi sirasinda pestisit kalintilar
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siitlere  gecis yapabilmektedir. Ayni1 zamanda, tarimsal
faaliyetlerle iliskili sulama suyu ve toprak kontaminasyonu da,
pestisitlerin siit {irtinleri iiretim zincirine girisinde onemli rol
oynamaktadir. Bitki zararlilarina karsi miicehalede kullanilan
insektisitler ve hayvanlarda parazit sagaltiminda kullanilan
pazaziter pestisitler siitlin kontaminasyonuna neden olan diger
kaynaklardir (Kinik, & Kavas, 2002; Ciscato, et al., 2002). Siitte
daha c¢ok kalint1 olusturabilen pestisitler; klorlu pestisitler,
dioksinleri igeren bilesikler, poliklorinat bifeniller (PCBs) ve
DDT (diklorodifeniltrikloretan) dir. Bu pestisitler dogada uzun
siire kalarak ¢evrede ¢ok fazla kalint1 olusturabilirler. Lipofilik
Ozellik gostermeleri nedeniyle de yag dokularinda birikebilme
Ozellikleri vardir. Bu nedenle tereyagi ve siit yaginda siitten daha
fazla oranda bulunabiliriler (Girma et al., 2014; Sonawane 1995).
Uretim hattina giren siitlerin hijyen ve kalite kontrol siiregleri,
pestisit kalintilarinin tespiti agisindan kritik 6neme sahiptir.
Ayrica, liretim tesislerinin ekipman ve makinalarinda kullanilan
temizlik ve dezenfeksiyon maddeleri de pestisit kalintilarinin
yayllmasina katki saglayabilir. Tesislerde uygulanan hijyen
prosediirleri  yetersiz ~ kalirsa, pestisit  kalintilarinin
mikroorganizmalarla etkilesimi sonucu kontaminasyon riski
artmakta ve iirlinlerin gida giivenligi tehlikeye girmektedir (Tas,
1992). Sonuc olarak, pestisitlerin st Grtnleri Gretiminde
potansiyel bulagsma kaynaklari, tarimsal ve endistriyel
asamalarda ¢esitli kontaminasyon yollar1 aracilifiyla olmaktadir
ve bu durum, iiriin kalitesi ile gida giivenligi bakimimdan 6nemli
bir risk olusturmaktadir. Bu nedenle, iiretimden itibaren etkin
kontrol ve diizenleyici dnlemlerle pestisit kalintilarinin minimum
seviyelere indirilmesi, tiketici sagligini korumada temel
adimlardan biri olarak goriilmektedir.
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4. PESTISITLERIN SUT URUNLERI iCERIGINE
VE KALITESINE ETKILERI

Pestisit kalintilar1 6zellikle siit yaginda birikebilir, bu da
peynir ve tereyagi gibi iirlinlerde yiiksek seviyelerde pestisit
maruziyetine neden olabilir. Pestisitlerin siit tirlinleri i¢erigine ve
kalitesine olan etkileri, hem mikrobiyal hem de enzimatik
siiregler agisindan Onemli sonuglar dogurmaktadir. Pestisit
kalintillari, yogurt, peynir kefir gibi siit irlinlerinin iiretimi
sirasinda  mikroorganizmalarin  aktivitesini olumsuz yonde
etkileyerek fermentasyon siireglerini  zayiflatabilir  veya
bozulmalara yol acabilir. Bu durum, fermente stt drdnlerinin
temel mikroflora bakteri tiirlerinin gelisimini engelleyerek,
fermantasyon hizin1 azaltabilir ve {riinlin karakteristik
ozelliklerine zarar verebilir. Ayrica, pestisitlerin enzimatik
aktivite Uzerindeki etkileri, 6zellikle yogurt olusumunda dokusal
ozelliklerde degisikliklere neden olabilir; 6rnegin kivam ve
homojenlik gibi kalite parametreleri bozulabilir. Bazi pestisitler
siit proteinleri ve vitaminlerle etkileserek biyoyararlanimi
diistirebilir, bu durum besin 6geleri tizerinde de olumsuz etkiler
gostererek, protein igeriginde azalmaya yol acgabilir ve bdylece
irlinlin besin degeri disebilir. Aroma profili ise, pestisit
kalintilarinin mikrobiyal ve kimyasal siirecleri degistirmesi
sonucunda degisebilir, istenmeyen tat ve koku olusumlari ortaya
cikabilir (Karakaya, & Boyraz, 1992). Bir ¢aligmada 1.5-2 ppm
folpet ve 5-60 mg/kg dichlorvos kalintisi igeren siitle yapilan
krema ve yogurtta kiiltiirlere duyusal 6zelliklerini veren diasetil,
asetoin ve asetaldehit’in olusumunun etkilendigi belirtilmistir
(Bliithgen, & Tuinstra, 1992). Bu baglamda, pestisitlerin
kullanimi sirasinda alinacak onlemler ve denetimler, Uriinlerin
giivenligi ve kalitesinin korunmasi agisindan biiylik 6nem
tasimaktadir.

Pestisitler siit {irlinlerinin olusum siirecini pek ¢cok yonden
etkileyebilir. Oncelikle siit iiriinlerinin iiretiminde kullanilan
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starter kiiltiirlerin gelisimini ve faaliyetlerini olumsuz yonde
etkileyebilir. Boylece Urunun enzimatik faaliyetleri, aroma ve
yap1 Ozellikleri, besleyici degeri de istenilen diizeyde gelisim
gOsteremez. Pestisitlerin sut driinlerinin Gretiminde mikrobiyal
faaliyetler tizerindeki etkisi, iiriin kalitesi ve giivenligi agisindan
biiylik 6nem tasimaktadir. Pestisitlerin kalintilari, fermente siit
tirtinlerinin tiretiminde kullanilan mikroorganizmalarin gelisimini
ve aktivitesini dogrudan etkileyebilir. Bu etkiler, hem yararli hem
de patojen mikroorganizmalarin hayatta kalma ve c¢ogalma
oranlarini degistirebilir. Ornegin, bazi pestisitler antibiyotik
benzeri etkiler gostererek, laktik asit bakterilerinin gelisimlerini
ve aktivitelerini engelleyebilir. Bu durum, yogurt, kefir gibi
urinlerin ~ fermantasyon  sirecinin  duzgin  ilerlemesini
zorlastirabilir ve iiriinlin viskozitesi, kivami ve lezzeti lizerinde
olumsuz etkiler yaratabilir. Bir calismada arastirmacilar; farklh
oranlarda fenvarelate, malathion ve DDT igeren yagsiz siitte, S.
Lactis, S.thermophilus, L.bulgaricus, L.helveticus kilttrlerinin
gelisimlerini ve asit {iretimlerini arastirmislardir. Inkiibasyon
sonrasinda fenvarelate kiiltlirlerin gelisimini en c¢ok etkileyen
kimyasal olarak belirlenirken, en diisiikk etkiyi de DDT’nin
gosterdigini  belirlenmistir. Malathionun ise kiiltiirlerin asit
tiretimi lizerinde etkili oldugu, L. Helveticus’un ise s6z konusu
pestisitlere, gerek asit liretimi, gerekse gelisim agisindan diger ii¢
bakteri cinsine gore daha dayanikli oldugu belirlenmistir
(Bluthgen, &  Tuinstra, 1992). Ayrica, pestisitlerin
mikroorganizmalar Uzerindeki toksik etkileri, mikro flora
dengesini bozabilir. Bu da, probiyotik bakterilerin miktarinda
azalma veya dengesizliklere neden olabilir. Pestisit kalintilariyla
kontamine olmus ortamlarda gelistirilen mikroorganizmalar,
toksik maddelerin varliginda genetik degisiklikler gosterebilir
veya direng kazanabilir. Bu durum, hem iiretim asamasinda hem
de tiiketici saglig1 acisindan risk olusturmaktadir. Kotan ve Tozlu
(2021) tarimda kullanilan farkli pestisitlerin bakteriler tizerine
etkilerini aragtirdiklar1 bir ¢caligmada, pestisitlerin birgok faydali
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bakteri lizerinde bakterisidal etki gosterdigini bildirmistir (Kotan,
& Tozlu, 2021).

Baz1 pestisitlerin mikroorganizmalardaki etkisi, enzim
aktivitesini de degistirebilir. Enzimlerin  fonksiyonunun
bozulmasi, iiriiniin doku ve yap1 6zelliklerinde farkliliklara yol
acabilir. Laktaz ve proteaz enzimleri gibi bakteri kaynakli
enzimler, laktozun glukoz ve galaktoza doniisiimiinii saglayarak
fermantasyon siirecini hizlandirir ve tat ile kivam {izerinde
olumlu etkiler olusturur. Ayn1 zamanda, proteinlerin enzimatik
hidrolizi sonucu uretilen peptitler ve amino asitler, 6zellikle
yogurdun dokusunu yumusatirken, aromasini ve lezzet profilini
de etkiler. Enzimatik aktivitelerin yetersiz veya asiri olmasi
durumunda, tiriintin kivami bozulabilir, tekstiiriinde sertlik veya
yapiskanlik gibi istenmeyen 6zellikler olusabilir (Kdse, & Ocak,
2014; Usta, & Yilmaz-Ersan, 2013; Ay, & Sanli, 2018).

Pestisitlerin yogurt, peynir, kefir, tereyagi gibi siit
tiriinlerinin iceriginde bulunan temel besin elementleri ve aroma
profilleri iizerinde Onemli etkileri vardir. Siit {iriinlerinin bu
maddeler ile kontaminasyonu, metabolik siirecleri ve
mikroorganizmalarin aktivitesini etkileyerek, Grinin besin
degerinde degisikliklere yol acabilir. Ozellikle vitaminler ve
mineraller pestisitlerin kimyasal yapisiyla etkilesime girerek
ayrigabilir veya biyoyararliliklar1 azalabilir. Bu durum, tiiketici
saghigin1 olumsuz yonde etkileyebilecegi gibi, iirliniin besin
degerinde de kayiplara neden olabilir.

5 SUT VE URUNLERINDE PESTISIT
VARLIGININ BELIRLENMESI

Siit iirtinlerindeki pestisit kalintilariin riskini azaltmak,
MRL'lerin (Maksimum Kalint1 Limitleri) belirlenmesi ve etkin
denetim mekanizmalar1 kurulmasiyla miimkiindiir.
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Analitik Yontemler: Gidalardaki kalintilarin analizi,
gidalarin kalitesini ve gilivenligini saglamak icin
onemlidir. Analizlerde genellikle Gaz Kromatografisi
(GC) ve Sivi Kromatografisi/Kiitle Spektrometrisi
(LC-MS/MS) gibi yiksek hassasiyetli teknikler
kullanilmaktadir. Pestisitlerin hayvansal ve bitkisel
kaynakli gidalarda analizi i¢in pek ¢ok yontem
kullanilmaktadir. DDT, aldrin, lindan ve bunlarin
izomerleri gibi bilesiklerin analizi i¢in daha cok
kolorimetrik ve kromatografik yontemler yillardir
kullanilmaktadir. Bu yontemler arasinda gaz
kromatografi (GC), kagit kromatografi, ince tabaka
kromatografi ve elektron yakalama detektorii (ECD)
yer almaktadir. Bu bilesiklerin yapilarinda klor
bulunmasindan dolayr GC-ECD ilebasarili sonuclar
alinmistir. Son zamanlarda ise GC-ECD’den ¢ok
daha fazla  duyarli, GC-MS/MS cihazlan
kullanilmaya baglamigtir. Siit gibi yag igeren
orneklerin analizinde ekstraksiyon igin; metilen
klorid asetonitril, hekzan/aseton, etil asetat, aseton,
petrol eteri, ve kloroform gibi organik ¢ozuculer
kullanilmaktadir. Siitten stit yagmin
ekstraksiyonunda ise petrol eteri ve asetonitril
kullanilmaktadir (Gliveng, 2008).

Yeni Nesil Sensorler: Sit, meyve suyu gibi gibi
kompleks matrislerde eser miktardaki Kkirleticileri
saptamak icin yuksek hassasiyetli yeni analitik
yontemler gelistirilmektedir. Ornegin,
ditiyokarbamat fungisit olan thiram kalintilarinin
meyve suyu orneklerinde ultra diisiik tespit limiti ile
saptanabilmesi i¢in yiizeyde gii¢lendirilmis Raman
spektroskopisi (SERS) tabanli bimetalik nanogicek
substratlar1  gelistirilmistir (Xiao et al., 2024).
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Harmankaya ve ark. da benzer sekilde siit
numunelerinde tiram (THI) tayini i¢in kiikiirt katkili
titanyum dioksit (S-TiO2) nanoyapilar1 ve molekiiler
baskili polimer (MIP) temelinde yeni bir yiizey
plazmon rezonansi (SPR) sensorii gelistirmigler ve
sonu¢ olarak, hazirlanan SPR sensorii, gercek
numunelerde 3,3 x 10—10 M algilama limiti (LOD)
ile 1,0 x 10—9-1,0 x 10—7 M araliginda dogrusallik
gostermistir (Harmankaya, et al., 2024). Tarimda
mantarlar ile miicadelede kullanilan tiyofanat-metil
varliginin ~ silit  driinlerinde  olan  kalintisinin
belirlenmesi amaciyla gelistirilen kuvars kristal
mikrodenge sensorii ile de st numunelerinde
3,3x10—10 M algilama limiti ile 1,0x10—9-1,0x10—8
M araliginda dogrusallik belirlenmistir (Harmankaya,
et al., 2025). Benzer sekilde, Bisphenol A (BPA) ve
Ochratoxin A (OTA) gibi diger zararli maddelerin
gida numunelerinde yiiksek secicilikle ve diisiik
limitlerle tespiti i¢in molekiiler baskilama (MIP)
esasl elektrokimyasal sensorler iizerinde caligmalar
yapilmaktadir (Rajendraprasad, et al., 2023).

Siit iirtinlerindeki pestisit kalintilarinin etkisi, kimyasalin
yapisit (Ozellikle yagda c¢oziiniirligil), tiiketim miktart ve
tiikketicinin yas1 gibi birgok faktdre baglidir. Siit iiriinlerinin hayati
besin degeri goz oniine alindiginda, kalint1 izleme programlarinin
sikilagtirilmast ve bilingli pestisit kullaniminin tesvik edilmesi,
halk sagligini korumak i¢in temel adimlardir.

6. OLASI RISKLERIN BELIiRLENMESIi VE
ALINABILECEK ONLEMLER

Pestisitlerin siit ve {irlinlerinin {iretiminde olusturdugu
risklerin etkin bir sekilde degerlendirilmesi, gida giivenliginin
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saglanmasi ve kamu sagliginin korunmasi agisindan kritik 6neme
sahiptir. Bu baglamda, pestisit kalintilarinin potansiyel saglik
etkileri, igerik seviyeleri ve bulagsma kaynaklar1 dikkate alinarak
kapsamli risk analizi yapilmahdir. ilk asamada, pestisit
kullaniminin farkli iiretim asamalarindaki olas1 bulagsma noktalari
tespit edilerek, kontaminasyon riskleri belirlenebilir. Ardindan,
kimyasal analiz yontemleri kullanilarak kalinti seviyeleri
izlenmeli ve standart sinirlarin agilmadigindan emin olunmalidir
(Eyhorn, 2015).

Risk degerlendirmesinde, pestisitlerin mikroorganizmalar
ve enzimatik aktiviteler (zerindeki etkileri g6z ©6ninde
bulundurulmali, tiiketicinin maruziyet diizeyi hesaplanmalidir.
Bu, ozellikle hassas gruplar agisindan potansiyel saglik
risklerinin belirlenmesi icin 6énemlidir. Ydnetim stratejileri ise,
pestisit kullanimin1 minimize eden ve bulasma risklerini azaltan
tiretim siireglerini igermelidir. Bu amagla, c¢ift¢i egitimleri,
biyolojik ve mekanik koruma yontemleri, temizleme ve
dezenfeksiyon  prosediirleri  gelistirilerek  uygulanmalidir
(Y1lmaz, et al., 2024).

Uretim ve ambalaj sureclerinde pestisit
kontaminasyonunun Onlenmesine yonelik c¢esitli  Onleyici
tedbirler alinmalidir. Bunlar arasinda, hammadde se¢imi ve
tedarik asamasinda siki kalite kontrollerinin gergeklestirilmesi
biiyiik 6nem tasir. Tedarik¢ilerin giivenilirligi ve tirlinlerin uygun
analizlerle denetlenmesi, pestisit kalintilarinin iiriinlere girisini
engellemeye yardimci olur. Fabrika i¢i hijyen protokollerinin siki
uygulanmas1 ve g¢aliganlarin egitim seviyelerinin artirilmasi da
kontaminasyon risklerini azaltir. Ayrica, {iretim alanlarmin
duzenli temizlik ve dezenfekte edilmesi, mikrobiyal ve kimyasal
kalintilarin homojen dagilimimi engelleyerek, pestisitlerin
tiriinlerde birikmesini Onler. Ambalaj asamasinda ise, uygun
hijyen standartlarinin korunmasi, paketleme ortamlarinin kontrol
altinda tutulmasi ve sterilize ambalaj malzemeleri kullanilmasi,
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pestisitlerin trlinlerle temasimni1 minimize eder (Pazir, & Turan,
2017). Farkli meyve ve sebzelere su veya gesitli ¢ozeltiler ile
yikama (Yarali, 2014), 1s1l islem uygulama (Han, et al., 2013),
maserasyon ve fermantasyon igslemleri (Cangi, et al., 2014), ozon
uygulamas1 (Aslan, & Akyildiz, 2025), ultrases uygulamasi
(Zhang, et al., 2010), vurgulu elektrik alan uygulamalari (Chen,
et al., 2009), yiiksek hidrostatik basing uygulamalar1 (Aslan, &
Akyildiz, 2025), gama 15in1 uygulamalar1 (Basfar, et al., 2012)
gibi yontemler ile gesitli pestisit kalintilarinin uzaklastirildigi
belirtilmistir.  Gelismis izleme ve analiz tekniklerinin
kullanilmastyla, {iiretim silirecinin  her asamasinda pestisit
kalintilarinin  tespiti ve kontrolii saglanabilir. Ayrica, kalite
yonetim sistemi ve tehlike analizleri temel alinarak, pestisit
kaynakli risklerin belirlenmesi ve uzaklastirilmasi icin caydirici
onlemler gelistirilmelidir. Bu c¢ergevede, siirekli denetim ve
calisanlarin ~ farkindalik  diizeyinin ~ artirilmasi,  olasi
kontaminasyonlarin dnlenmesine katki saglar. Sonug olarak,
uretim ve ambalaj stireclerinde buttncul ve disiplinli 6nleyici
tedbirler alinmasi, hem {iriin kalitesini koruma hem de gida
giivenligini saglama acisindan énemli unsurlardir. Bu tedbirlerin
etkinligi  stirekli  izleme ve iyilestirme faaliyetleriyle
desteklenerek, pestisit kalintilarinin siit ve iirlinlerindeki olasi
etkileri en diislik seviyeye indirilmelidir (Y1lmaz, et al., 2024).

Pestisitler ile miicadelede kullanilan bir diger yontemde
biyolojik micadeledir. Bu yontemde belli bir popilasyon
diizeyini kontrol altinda tutmak i¢in patojenler, predator ya da
parazitler kullanilmaktadir (DeBach, 1964). Bu amagla kullanilan
mikroorganizmalar iki sekilde pestisitlerin pargalanmasini
saglayabilmektedirler. Bunlardan ilki metabolik faaliyetleri ile
ortam kosullarini etkilemeleri sonucu pestisitlerin hasar gérmesi
ile gergeklesmektedir. Bu yollardan digeri ise oksitlenme,
dehidrojenasyon, indrgeme, hidroliz ve sentez iceren enzimatik
tepkimelerle gerceklesmektedir (Ye, et al., 2018). Canlilar i¢in
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potansiyel  tehlike  olan  pestisitlerin  arindirilmasinda
biyodegradasyon gelismis iilkelerde yaygin olarak kullanilan bir
uygulamadir. Toprak oOrneklerinde yapilan ¢alismalarda
chlorpyrphos ve methyl parathon pestisitlerini Pseudamnobacter,
Achromobacter, Brucella ve Ochrobactrum trlerinin etkisiz hale
getirdikleri belirlenmistir (Singh, et al., 2003; Zhang et al., 2005).

Ayrica, izleme ve denetim  mekanizmalarinin
giiclendirilmesi, diizenleyici kurumlarin standartlar1 stirekli
giincellemeleri ve sektorle is birligi yaparak risklerin etkin bir
sekilde yonetilmesi saglanmalidir. Son olarak, acil durum
planlarinin  olusturulmas1 ve Kriz yonetimi stratejilerinin
gelistirilmesi, olas1 pestisit kontaminasyonu kaynakli tehlikelerin
en aza indirilmesine katki saglayacaktir. Bu biitiinciil yaklasim,
hem kalite kontrollini guclendirecek hem de tuketici glvenini
artiracaktir.

7. YASAL MEVZUAT, STANDARTLAR VE
UYGULAMA ZORLUKLARI

Pestisitlerin ¢evre ve saglik yoniinden sorun yaratabilecek
kullanim limitleri, uygulama metodlar1 ve iirlinlerdeki kalinti
limitleri her iilkenin ilgili bakanlik veya organizasyon kurumu
tarafindan belirlenmektedir. Ulkemizde ise Avrupa Birligi
mevzuatiyla uyumlu olarak, gida maddelerinde pestisit
kalintilarina iligkin degisikler yapilmistir. Tirk Gida Kodeksi
Pestisitlerin Maksimum Kalint1 Limitleri Y6netmeligi ile pestisit
kullaniminin yasal sinirlart belirlenmistir. Bu yonetmelik ile
hayvansal gidalarda bulunabilecek pestisitlerin maksimum kalint1
limitleri de belirlenmistir (Anonim, 2014). Yasal mevzuat ve
standartlar, pestisitlerin siit ve {iriinleri tiretimindeki kullanimini
ve bulasma risklerini kontrol altinda tutmak amaciyla ulusal ve
uluslararas1 diizeyde belirlenen gerceveyi olusturmaktadir. Bu
diizenlemeler, {reticilere pestisit kullanim smirlarimi, etki
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strelerini ve analiz yontemlerini esas alarak, urtnlerin kaliteli ve
giivenli olarak piyasaya sunulmasini hedefler. Ancak, cesitli
uygulama zorluklar1 da mevcuttur. Bunlar arasinda, pestisit
kalintilarinin tespit ve analiz edilmesindeki teknik giicliikler, sinir
degerlerinin  belirlenmesinde  yasanan  belirsizlikler  yer
almaktadir. Ayrica, iiretim siireglerinin karmasik yapisi ve farkl
tiretim ortamlarinin degiskenligi, standartlarin tutarli sekilde
uygulanmasini zorlastirabilir (Yilmaz, et al., 2024). Uygulama
esnasinda karsilagilan bu zorluklar, pestisit kalintilarinin sinir
degerlerinin asilmasi veya gozden kagmasi riskini artirmakta ve
tiiketici glivenligini tehlikeye atabilmektedir. Dolayisiyla yasalar,
stirekli gelisen bilimsel ve teknolojik gelismeler dogrultusunda,
standartlar1  glincellemek ve denetim mekanizmalarini
giiclendirmek suretiyle, gida giivenligine katki saglamaya
calismaktadir. Ayrica, egitim ve bilinglendirme faaliyetleri ile
tireticilerin mevzuata uyumu tesvik edilmekte, izlenebilirlik
sistemleri ile pestisit kalntilarinin  kaydi ve takibi
saglanmaktadir. Bu baglamda, mevcut diizenlemelerin etkin
sekilde uygulanabilmesi i¢in ¢oklu isbirligi ve siirdiiriilebilir
denetim stratejilerinin gelistirilmesi 6nem arz etmektedir.

8. SONUCLAR

Sonuglar, pestisit kalintilariin siit Uriinleri iiretimi
sirasinda ve sonrasinda ortaya ¢ikabilecek olumsuz etkileri gozler
Online sermektedir. Pestisitlerin mikroorganizmalar, enzim
aktiviteleri ve doku yapisi gibi temel bilesenler {izerindeki
etkileri, Urlniun besin degeri ve tiiketici giivenligi agisindan
onemlidir. Bu dogrultuda, pestisitlerin yogurt kalitesine olumsuz
katkilarini en aza indirmek i¢in iiretim siire¢lerinde sik1 kontroller
ve izleme mekanizmalarinin uygulanmasi gereklidir. Ayrica,
ureticilerin training destegi ile pestisit kullanimini optimize
ederek, olas1 bulagsma risklerini azaltmalar1 6nerilmektedir. Gida
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giivenligi agisindan, pestisit kalintilarinin  belirlenmesi  ve
sinirlandirilmast  amaciyla mevzuatin = gilincellenmesi  ve
standartlarin  sikilastirilmas1  kaciilmazdir. Sistemli  risk
degerlendirmeleri ve entegre yoOnetim stratejileri, pestisit
maruziyetini azaltmaya katki saglayacaktir. Ayn1 zamanda,
ambalajlama ve koruyucu onlemlerle pestisit
kontaminasyonunun engellenmesi, tiiketici sagligint korumanin
temel unsuru olarak 6n plana ¢ikmaktadir. Onleyici tedbirlerin
yani sira, tiiketicilerin de bilinglendirilmesi, dogru tliketim ve
saklama kosullar1 konusunda bilgilendirilmesi gerekmektedir. Bu
calismalarin toplaminda, pestisit kalintilarint minimize ederek,
yogurt TUriinlerinin hem kalite hem de giivenlik acgisindan
yuksekte tutulmasi hedeflenmelidir. Sonug¢ olarak, pestisit
kontrolii ve siirdiiriilebilir iiretim uygulamalari, hem tiiketici
sagligini koruma hem de sektorel gelismeyi saglama noktasinda
vazgecilmezdir ve bu yonde surekli giincellenen politikalar ve
egitimlerle desteklenmelidir.
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GIDA KAYNAKLI BAKTERIYEL, VIRAL VE
FUNGAL PATOJENLERIN TESPITI VE
KARAKTERIZASYONU: KLASIK
YONTEMLERDEN YENI NESIL
YAKLASIMLARA

Yasin AKKEMIK!
Kemal Kaan TEKINSEN?

1. GIRIS

Mikroorganizmalar, gida liretimi, gida giivenligi ve gida
bozulmasi siireclerinde merkezi bir rol oynamaktadir. Gidalarla
etkilesime giren mikroorganizmalar, {iriiniin duyusal ve
teknolojik &zelliklerini olumsuz etkileyerek insan tiketimine
uygun olmayan hale getirebilmekte, hatta bazi durumlarda
dogrudan gida kaynakli hastalik ve zehirlenmelere yol
acabilmektedir (lulietto, Sechi, Borgogni, & Cenci-Goga, 2015;
Saucier, 2016). Bunun temel nedeni, gidalarda bulunan
mikroorganizmalarin bir boliimiiniin yalnizca bozulma etmeni
degil ayn1 zamanda patojen karakterde olmasi ve gida isleyicileri
ile tiiketiciler agisindan ciddi bir halk saglig1 riski olusturmasidir
(Aladhadh, 2023). Bugiin i¢in 200’tin tizerinde gida kaynakli
hastalik tanimlanmis olup, bu hastaliklar morbidite ve mortalite
yaninda 6nemli ekonomik kayiplara da yol agmaktadir (Mead et
al., 1999).
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Gida kaynakli patojenler arasinda basta Bacillus cereus,
Clostridium botulinum, Campylobacter spp., Clostridium
perfringens, belirli Escherichia coli serogruplari, Listeria
monocytogenes, Salmonella spp., Shigella spp., Staphylococcus
aureus ve Vibrio spp. olmak iizere ¢ok sayida bakteri tiirii yer
almaktadir (Lianou, Panagou, & George-John E, 2023). Bu
patojenler, et ve et iirlinleri, siit ve siit iiriinleri, yumurta, balik ve
deniz iirlinleri, taze sebzeler ve hazir tiiketime yonelik gidalar gibi
farkli gida gruplarinda saptanmakta ve ¢ogu zaman salginlarla
iliskilendirilmektedir. Bu nedenle, s6z konusu patojenler igin
varlik—yokluk veya mikrobiyal yiik esasina dayanan yasal sinirlar
belirlenmis; bu sinirlarin izlenmesine ve dogrulanmasina yonelik
spesifik tespit yontemleri gelistirilmistir.

Bununla birlikte yalnizca bakteriyel etkenler degil,
gidalarda gelisebilen Penicillium, Claviceps, Aspergillus ve
Fusarium gibi mikotoksijenik kiif tiirleri de halk saglig1 acisindan
kritik 6neme sahiptir (Aladhadh, 2023). Bu tiirlerin irettigi
mikotoksinler, akut toksik etkilerin yan1 sira hepatokarsinojenik,
nefrotoksik ve imminmodulator etkiler gostererek uzun vadede
ciddi saglik sorunlarma yol acabilmektedir. Ote yandan, gida
kokenli viral patojenler de 6zellikle son yillarda dikkat ¢eken bir
diger grup olarak 6ne ¢ikmaktadir. Norovirus, Hepatit A ve E
virtsleri, Rotavirus, Enterovirus, Adenovirus, Sapovirus,
Achivirus ve Astrovirus, baslica gida kaynakli viriisler arasinda
yer almakta; kabuklu deniz trunleri, taze ve dondurulmus meyve-
sebzeler ile toplu tiiketim alanlarinda hazirlanan yemekler
tizerinden bulasabilmektedir (Pexara, Govaris, Pexara, &
Govaris, 2020).

Gida giivenligini artirmak ve raf Omrilinii uzatmak
amactyla son yillarda gida muhafaza yontemlerinde Onemli
ilerlemeler kaydedilmistir. Sogutma ve dondurma gibi diigiik
sicaklik uygulamalari, ugucu yaglar ve bakteriyosinler gibi
kimyasal/biyokimyasal koruyucular (Batiha et al., 2021; Falleh,
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Ben Jemaa, Saada, & Ksouri, 2020) ile vakum ve modifiye
atmosferde paketleme sistemleri (Wang et al.,, 2019) gida
endiistrisinde yaygin olarak kullanilmaktadir. Bu yontemler,
bircok gidada bozulma etmenlerinin ve patojenlerin
azaltilmasinda etkili olmakla birlikte, her zaman tam eliminasyon
saglayamamaktadir.  Cevresel  kosullarin  veya  proses
basamaklarinin olusturdugu stres altinda baz1 patojenlerin
metabolik  olarak hasarli  hiicreler seklinde yasamini
stirdlirebildigi; bu hiicrelerin bir kisminda hasarin geri doniissiiz,
bir kisminda ise geri doniislii olabildigi bildirilmektedir. Ayrica,
bazi patojenlerin uyku halinde hiicre formlarina gegerek
canliligini devam ettirebildigi; ozellikle kdiltire edilemeyen
ancak canli (viable but non-culturable, VBNC) hcreler ve
persister hiicreler gibi fizyolojik durumlarin gida giivenligi
acisindan ayri bir sorun alani olusturdugu vurgulanmaktadir
(Aladhadh, 2023). VBNC hucreler, rutin besiyerlerinde
tirememelerine karsin diisiik diizeyde de olsa metabolik aktivite
gosterebilen canli  hiicrelerdir.  Persister  hiicreler ise
antibiyotiklere toleransli, ancak klasik anlamda direngli olmayan;
metabolik aktiviteleri son derece diisiik, canlilik testleriyle tespiti
gii¢ hiicreler olarak tanimlanmakta ve uygun uyarilarla yeniden
kilture edilebilir hale gelebilmektedir (Foddai & Grant, 2020).

Gida kaynakli hastaliklarin sikliginin gilinlimiizde hala
yiiksek seviyelerde seyretmesi, gida iiretim teknolojilerindeki ve
gida gilivenligi sistemlerindeki tim gelismelere karsin,
patojenlerin 6nemli bir halk sagligi problemi olmaya devam
ettigini gostermektedir (Foddai & Grant, 2020). Bu durum,
gidalarda patojen varliginin duyarli, hizli ve gilivenilir bi¢imde
izlenmesine yonelik yoOntemlerin  gelistirilmesini  zorunlu
kilmistir. Bu amagla, kiiltlire dayali yontemlerin yani sira,
kiiltirden bagimsiz ¢ok sayida analitik yaklasim gida
mikrobiyolojisi alanina kazandirilmistir. Literatiirde; klasik
besiyeri ve zenginlestirme teknikleri ile birlikte Polimeraz Zincir
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Reaksiyonu (PCR) ve tiirevleri (multiplex PCR, Real-Time PCR,
Reverse Transcriptase PCR), DNA mikroarray, nukleik asit
sekansma dayali amplifikasyon (NASBA), yeni nesil dizileme
(Next Generation Sequencing, NGS), immdinolojik ve
nanoteknoloji temelli yontemlerin gida kaynakli patojenlerin
tespitinde kullanimini ayrintili olarak irdeleyen cok sayida
derleme bulunmaktadir (Aladhadh, 2023; Saravanan et al., 2021).

Ne var ki bu derlemelerin biiytlik cogunlugu, gida kaynakli
patojenler icinde en sik karsilasilan ve mevzuat agisindan en ¢ok
calisilan grup olmalar1 nedeniyle bakterilere odaklanmakta; diger
patojen gruplart olan fungi ve viriisler genellikle kisaca ele
alinmaktadir. Oysa fungal ve viral etkenler de gida kaynakli
salginlara yol agabilmekte ve en az bakteriler kadar dikkate
almmas1 gereken halk sagligi riskleri olusturmaktadir. Bu
baglamda, mevcut ¢alisma; bakterilerin yan1 sira fungal ve viral
patojenlere de esit agirlik vererek, 6zellikle PCR (endpoint PCR,
multiplex PCR, RT-PCR vb.) ve NGS gibi 6zgul molekiler
yontemler ¢ergevesinde farkli gida kaynakli patojenlerin tespit ve
tanimlanmasina iligkin giincel bilgileri biitincil bicimde ortaya
koymay1 amacglamaktadir. Calismanin ilerleyen boliimiinde, gida
kaynakl1 hastaliklarin goriilme sikligina iliskin en gilincel veriler
Ozetlenmekte ve son yillarda bildirilen baz1 gida kaynakl salgin
ornekleri sunularak, bu patojenlerin hélen ciddi bir halk saglig
riski olusturdugu somut verilerle gosterilmektedir.

2. GIDA KAYNAKLI HASTALIK SALGINLARI
2.1. Bakteriler

Bakteriyel kaynakli gida enfeksiyon ve intoksikasyonlari,
tim diinyada yaygin olarak goriilen 6nemli bir halk sagligi
sorunudur. Ornegin Amerika Birlesik Devletleri'nde (ABD) yilda
en az 76 milyon gida kaynakli hastalik olgusunun ortaya ¢iktigi;
bunlarin 128.000-325.000’inin hastaneye yatis, 3000-5000’inin
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ise oliimle sonuglandig1 ve bu tablonun iilke ekonomisine yillik
83 milyar dolara varan bir maliyet getirdigi tahmin edilmektedir
(Mead et al., 1999; Ribot & Hise, 2016).

Avrupa Birligi (AB) verilerine gore ise, 2020 y1l1 6zelinde
20.017 insan olgusu ve 3086 gida kaynakli salgin bildirilmistir;
bu salginlarda o6zellikle Salmonella spp. (6zellikle yumurta ve
yumurta iiriinlerinde) en sik saptanan bakteriyel etken olarak one
c¢ikmistir. Salmonella’nin yani sira, Campylobacter, Yersinia,
Shiga toksin dreten Escherichia coli (STEC) ve Listeria
monocytogenes de 2020 yilinda AB’de bildirilen gida kaynakli
hastaliklarin baglica nedenleri arasinda yer almistir. Bu etkenler
arasinda L. monocytogenes’e bagli enfeksiyonlarin, nispeten
diisiik vaka sayisina ragmen, en yiiksek 6liim oraniyla seyreden
hastaliklardan biri oldugu vurgulanmaktadir (Aladhadh, 2023).

Kiiresel 0Olcekte degerlendirildiginde, gida kaynakli
mikrobiyal patojenlere bagli yaklasik 3 milyon diyare olgusunun
her yil ortaya ¢iktig1 tahmin edilmektedir (Ribot & Hise, 2016).
Bunun yaninda, Avustralya Saglik Bakanligi verilerine gore
yalnizca Avustralya’da yilda 4,1 milyon gida kaynakli hastalik
olgusu meydana geldigi bildirilmektedir (Hawksworth, 2001).

2.2. Fungiler

Bakteri ve viriislere kiyasla, fungal gida kaynakl
patojenlere bagl salginlar oldukca seyrek goriilmektedir. Bunun
temel nedenlerinden biri, dogada bulundugu tahmin edilen
yaklastk 1,5 milyon fungal tiirlin yalmzca 300 kadarinin
insanlarda hastalik etkeni olarak tanimlanmis olmasidir
(Hawksworth, 2001) Buna ragmen, ozellikle fungal ikincil
metabolitler (toksinler) aracilifiyla ortaya ¢ikan ve ¢ogu zaman
bagisiklik sistemi baskilanmig bireylerde (immiinsiiprese
hastalar, organ nakli alicilari, immiinsiipresif tedavi alanlar)
gorilen 6nemli Ornekler mevcuttur. Nadir de olsa, bagisiklik
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sistemi saglam (immiinkompetan) bireylerde de gida kaynakli
fungal enfeksiyonlarin ortaya ¢ikabildigi bildirilmektedir.

Ornegin 2013 yilinda ABD’de, Mucor circinelloides ile
kontamine yogurtlarin tiiketimi sonrast 200°den fazla kiside
kusma, bulant1 ve diyare ile seyreden gastroenterit vakalari
bildirilmistir (Aladhadh, 2023). Benzer sekilde, Hong Kong’da
hastanelerde yatan 7 hastada, Rhizopus microsporus kaynakli
gida zehirlenmesi vakalar1 rapor edilmis; bu olgularin, kontamine
onceden paketlenmis hazir tiikketim yemekleri veya allopurinol
tablet tiretiminde kullanilan misir nisastasi ile iligkili olabilecegi
ifade edilmistir (Cheng et al., 2009).

Aspergillus, Fusarium ve Mucor gibi bazi ipliksi kiiflerin
kontamine gidalarla alinmasi veya sporlarinin inhalasyonu
sonucunda, immiinkompetan bireylerde bile siniisler, akcigerler
ve diger organlarda lokalize enfeksiyonlara yol acabildigi
bildirilmistir (Paterson, Lima, Paterson, & Lima, 2017). Bununla
birlikte, bu tiir kiiflerin neden oldugu invaziv pulmoner
enfeksiyonlar ¢ogunlukla immiinsiiprese hastalarda goriilmekte,
primer bulas yolu ¢ogu zaman inhalasyon olmakla birlikte,
gastrointestinal yolun da enfeksiyonda rol oynayabildigi
vurgulanmaktadir. Bu nedenle, 6zellikle bagisikligi baskilanmig
hastalarin, fungusla kontamine olma olasilig1 yiiksek gidalardan
kaginmasi gerektigi belirtilmektedir (Paterson et al., 2017).

2.3. Virusler

Viral gida zehirlenmeleri ve gida kaynakli viral salginlar,
sayisal olarak bakteriyel salginlara gore daha az bildirilmesine
karsin, 6nemli bir yiikk olusturmaktadir. Gida kaynakli viral
patojenler arasinda ozellikle Noroviruslar ve Hepatit A virlsd,
insanlarda en sik hastalik olusturan etkenler olarak
tanimlanmaktadir. Norovirus’larin yalnmizca ABD’de yilda
yaklasik 21 milyon akut gastroenterit olgusuyla iligkili oldugu
bildirilmistir (Benedict, Chiller, & Mody, 2016).
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AB verilerine gore 2020 yilinda, o6zellikle kabuklular,
yumusake¢alar ve bunlardan elde edilen tiriinlerde Norovirus
kaynakli gida salginlar1 6n plandadir (Aladhadh, 2023). Genel
olarak bakildiginda, enterik viriislerin, gida kaynakli hastalik
salginlarinin AB’de yaklasik %13’linden, ABD’de ise yaklasik
%45’inden sorumlu olabilecegi 6ne siiriilmektedir (Yeargin &
Gibson, 2019).

Son yillarda bildirilen baz1 6énemli Norovirus salginlari
arasinda; 2018 Kis Olimpiyatlari’nda Giiney Kore’de goriilen 194
olguluk gastroenterit salgmni, 2017 yilinda Kanada’da
dondurulmug ahududu tiiketimi ile iliskili yaklagik 700 olguluk
salgin ve 2017°de Royal Caribbean kruvaziyer hattinda ortaya
¢ikan Norovirus salgin1 yer almaktadir (Miranda & Schaffner,
2019). Literatiir taramalari, 2014 yilinda AB’de bildirilen tiim
gida kaynakli salginlarin yaklasik %20’sinin viral etkenlerle
iliskili oldugunu gostermektedir (Aladhadh, 2023).

Daha spesifik ornekler arasinda; 2011 yilinda ABD’de
kontamine nar tanelerinin tiiketimiyle iligkili 162 Hepatit A
olgusu, 2012 yilinda Cin’de dondurulmus ¢ilek tiiketimine bagl
bildirilen 1100’0n tzerinde Norovirus olgusu sayilabilir. Ayrica,
2020 yilinda AB’de, gida kaynakli patojenler arasinda Bat: Nil
viriisiine bagl hastaliklarin, insan 6liimlerinin en yiiksek oldugu
etkenlerden biri oldugu rapor edilmistir (Aladhadh, 2023). Bu
veriler, gida kaynakli viral patojenlerin hem sporadik olgular hem
de genis capli salginlar acisindan dikkate deger bir halk saglig:
riskini temsil etmeye devam ettigini gostermektedir.

3. GIDA KAYNAKLI PATOJENLERIN TESPIiT
YONTEMLERI

Gida matrislerinde patojenlerin duyarli ve tekrarlanabilir
bicimde tespit edilmesi, gida giivenligi acisindan temel bir
gerekliliktir. Ancak diisiik diizeyde hedef mikroorganizma
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bulunmasi, gidanin dogal mikroflorasi ve bilesenlerinin
interferans1 ile gidadan mikroorganizma ekstraksiyonundaki
teknik giicliikler, bu siireci zorlastirmaktadir.

Bu amagla gida mikrobiyolojisinde baglica dort yontem
grubu kullanilmaktadir:

e Kiiltiire dayali yontemler,
e Immiinolojik testler,

e Nikleik asit temelli yontemler (6zellikle PCR ve
tarevleri),

e Yeni nesil dizileme (NGS) yaklasimlari.

Bununla birlikte, bu yoOntemlerin basarisi yalnizca
kullanilan analiz teknigine degil, ayn1 zamanda dogru 6rnekleme
ve uygun saklama kosullarina baghidir. Ornekleme plani; gidanin
trine, hedeflenen mikroorganizma grubuna ve uygulanacak
tespit yontemine gore sekillenmelidir. Ozellikle kiiltiir
izolasyonuna dayalt yoOntemlerde, numune alma ve analiz
streclerinin FDA, FSIS/USDA, ISO ve AOAC gibi resmi
kuruluglar tarafindan onaylanmis standart protokollere uygun
yiriitiilmesi gerektigi vurgulanmaktadir. Diger yontemler icin de
kit ve cihaz iireticilerinin sagladig: standart prosediirler, analizin
dogru uygulanmasi ve sonuglarin giivenilir yorumlanmasi
acisindan belirleyici 6neme sahiptir.

3.1. Kiiltiire Dayali Yontemler

Kiiltire dayali yontemler, daha modern teknikler
gelistirilmis olsa da gida kaynakli patojenlerin tespitinde hala
referans yontem olarak kabul edilmektedir (Altayb, Badri,
Chaieb, & Moglad, 2023; Park et al., 2023). Temel prensip,
bakteri ve fungilerin uygun besiyerlerinde g¢ogalarak goriiliir
koloni olusturmast ve bu kolonilerin gerekirse ileri tanimlama
testlerine (koloni morfolojisi, Gram boyama, biyokimyasal
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testler, MALDI-TOF MS, PCR-sekanslama vb.) tabi tutulmasidir
(Foddai & Grant, 2020; Martinovi¢, Andjelkovi¢, Gajdosik,
Resetar, & Josi¢, 2016). Bu yontemlerle hem nitel (var/yok) hem
de nicel (sayim) veriler elde edilebilir; ayrica izole edilen suslar
sonraki analizlerde (direng, tip tayini vb.) kullanilabilir.

Bununla birlikte kiiltiire dayali yontemlerin 6nemli
sinirliliklart vardir. Tiim mikroorganizmalar kiiltiire edilebilir
degildir ve bazi tiirler (6rn., Salmonella typhi, E. coli) stres
kosullarinda VBNC (viable but non-culturable) forma gecerek
standart besiyerlerinde tireyemeyebilir; bu da patojen varliginin
oldugundan diigiik tahmin edilmesine veya hi¢ saptanamamasina
yol acabilir (Foddai & Grant, 2020; Gill, 2017). Ayrica kiiltiir,
cok basamakli, yavas ve emek yogun bir siirectir; bakteriler igin
sonu¢ alma siiresi ¢ogu zaman birkag giinii, fungilerde ise daha
uzun sdreleri bulur (Law, Ab Mutalib, Chan, & Lee, 2015b). Bu
nedenle, hizli veya yerinde (on-the-spot) tespit gereken
durumlarda tek basina yeterli degildir ve genellikle molekiiler ya
da imminolojik yontemlerle desteklenmesi gerekmektedir
(Aladhadh, 2023).

Gida kaynakli hastaliklarla en sik iligkilendirilen
bakteriyel gruplar arasinda Escherichia coli, Listeria
monocytogenes,  Yersinia,  Salmonella, = Campylobacter,
Clostridium, Enterobacteriaceae ve Bacillus tlrleri yer almakta;
bu patojenler dogrudan gida igerisinde ¢ogalarak ya da tirettikleri
toksinler araciligiyla hastalik olusturmakta ve ¢ogunlukla siit ve
siit drlinleri, kanath eti, sigir eti ve bunlardan iiretilen hazir
tiketime yonelik (RTE) Grinler Gzerinden insana bulagsmaktadir
(Aladhadh, 2023). Uygun besiyerleri kullanildiginda bu
bakteriler kiiltiire edilebilmekle birlikte, VBNC fazina ge¢cmis
hiicrelerin klasik kiiltlirle saptanamamasi nedeniyle yalnizca
kiiltiire dayali yaklagimlarin duyarliligt sinirlidir. Dolayisiyla
kiiltiir esash yontemler tek basina kullanildiginda hem is giicii
yogun hem de tiim bakteri popiilasyonunu temsil etmeyen, kismi
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bir tablo sunar. Bu nedenle giincel egilim, kiiltire dayali
yontemlerin niikleik asit temelli ve diger molekiiler yontemlerle
(PCR, imminoassay, NGS, biyosensorler, MALDI-TOF MS vb.)
birlikte kullanilmas1 yoniindedir. Boylece hem kiiltiire edilebilen
hem de normalde kiiltiirle zor yakalanan hedeflerin daha hizli ve
giivenilir bi¢gimde tanimlanmast miimkiin olmakta; klasik
yaklasimlarla yaklasik bir haftay1 bulan identifikasyon siiresi 3
giinlin altina indirilebilmektedir. Ozellikle MALDI-TOF MS,
zorlu (fastidious) bakterilerin tanimlanmasinda PCR ve NGS
temelli yontemlere gore daha hizli, ayrica NGS’ye kiyasla gorece
daha diisiik maliyetli bir tan1 aracidir (Rychert, 2019; Singhal,
Kumar, Kanaujia, & Virdi, 2015). Yontem, izole edilen bakteri
kiltlirlerinden peptit kiitle parmak izi (PMF) olusturulmasi ve
bunun secilmis veri tabanlarindaki referans profillerle
karsilagtirlmasina dayanir. Son yillarda MALDI-TOF MS;
kiymadan S. typhimurium (Aladhadh, 2023), Orta Dogu kokenli
bir yemek olan Matazeez’den C. jejuni, E. coli ve Enterobacter
cloacae (Elbehiry et al., 2017), Misir’daki market ve
magazalardan temin edilen balik, et ve siit tirtinlerinden E. coli, S.
typhimurium, Klebsiella, Enterobacter ve diger patojenler
(Khater, Lela, El-Diasty, Moustafa, & Wareth, 2021), Pekin’de
taze sebzelerden E. coli, S. typhimurium, S. aureus, C. jejuni,
Klebsiella, L. monocytogenes (Xu et al., 2021), Suudi
Arabistan’da salata, burger ve tortillalardan (Elbehiry et al., 2017)
ve Tirkiye’de halk pazarlarindan alinan ¢ig siitten (Cebeci, 2019)
benzer patojenlerin tanimlanmasinda basariyla kullanilmis;
ayrica bebek mamalar1 ve takviyelerinden C. difficile ve C.
perfringens izolasyon ve tamimlamasinda da etkinligi
gosterilmistir (Sulaiman, Miranda, & Simpson, 2021). Tim bu
bulgular, smirliliklarina ragmen kiiltiir yontemlerinin MALDI-
TOF MS ile birlestirildiginde gida kaynakli patojen bakterilerin
izolasyonu ve hizli tanimlanmasinda giincel ve gii¢lii bir yaklagim
sundugunu ortaya koymaktadir.
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Fungiler =~ ve  bunlarin  metabolitleri  (6zellikle
mikotoksinler), kontamine gidalarin tiiketimiyle insanlara
bulasabilmektedir. Kiiltiire dayal1 tespit yaklasimlarinda, fungal
kolonilerin besiyerinde goriiniir hale gelmesi ¢ogu zaman 7 giine
kadar siirebilmekte, bu durum hizli tan1 gerektiren durumlar igin
onemli bir kisit olusturmaktadir. Bu nedenle giincel
uygulamalarda, fungal patojenlerin tespiti ve identifikasyonu i¢in
kiiltire dayal1 yontemler c¢ogunlukla PCR, immiinoassay,
MALDI-TOF MS ve NGS gibi tekniklerle birlikte
kullanilmaktadir (Quéro et al., 2019). Ozellikle MALDI-TOF
MS, belirli bagh fungal gruplarin tanimlanmasinda basartyla
uygulanmis; bu yontemle Rhizopus, Aspergillus, Fusarium ve
Mucor gibi temel gruplar tanimlanabilmis; ayrica olasi gida
patojenleri olan A. niger, A. flavus ile Alternaria alternata,
Penicillium digitatum ve Candida albicans gibi tdrler, Suudi
Arabistan’in Al-Qassim bolgesindeki restoranlardan temin edilen
salata, burger, tortilla, peynir, kabsa ve jareesh gibi Urtinlerde
tespit edilmistir (Elbehiry et al., 2017). Bunun yaninda Mucor
tirleri (Aladhadh, 2023), gida kaynakli mayalar (Quintilla et al.,
2018) ve fermente gidalardaki fungiler (Ahmadsah, Kim, Jung, &
Kim, 2018) de MALDI-TOF MS kullanilarak tanimlanmustir.
Buna karsin MALDI-TOF MS’in fungiler i¢in kullanimu,
bakterilere kiyasla hala daha smirlidir; bunun temel nedenleri
arasinda kapsamli ve kiiratorligii yapilmis fungal spektrum veri
tabanlarinin  gérece azhigi ve yontemin fungilere 06zgl
adaptasyonunun heniiz istenen diizeyde olmamasi yer almaktadir
(Aladhadh, 2023).

Gida kaynakli viral enfeksiyonlar arasinda Noroviruslar
ve Hepatit A viriisii, en sik goriilen etkenler olarak One
cikmaktadir (Aladhadh, 2023). Noroviruslar, Rotavirus ve
Astrovirus ile birlikte genellikle akut gastroenterit tablosuna yol
acarken; gida kaynakli Hepatit virtsleri Hepatit A veya E Kklinik
hepatit tablosu olusturmakta, enterovirtsler ise el-ayak-agiz
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hastaliklari, menenjit/ensefalit ve kalp tutulumlar1 gibi farkl
klinik tablolar olusturabilmektedir. Bu viriisler; kabuklu deniz
trtinleri (istiridye, midye, diger yumusakcalar), balik, siit, taze
meyve ve sebzeler gibi gidalari kontamine edebilmekte; bulas
cogunlukla fekal-oral yolla, wvirlis yiikli damlaciklarin
inhalasyonu ya da kontamine yuzeylerle temas sonucu
gerceklesmektedir (Pexara et al., 2020; Su, Liang, & Tan, 2021).
Onemli bir istisna olarak Hepatit E viriisii, daha ¢ok ¢ig veya az
pismis et ve karaciger tiiketimiyle iliskilendirilmektedir (Pexara
et al.,, 2020). Gidalarda viriis tespiti, klasik olarak numuneden
elde edilen ekstraktlarin hiicre kiiltiirlerinde c¢ogaltilmasi ve
virisin neden oldugu sitopatik etkilerin gdzlenmesiyle
gerceklestirilebilir (Miranda & Schaffner, 2019). Ardindan
TCIDso, plak sayim testi veya en olas1 say1 (MPN) yaklasimlartyla
kantitasyon yapilabilir (Bosch et al., 2011). Ancak bu kulttre
dayal1 yontemlerin kullanimini sinirlayan 6nemli faktorler vardir:
gidalarda viral yiikiin genellikle ¢ok diisiik olmasi nedeniyle
yiiksek duyarlilikli 6n zenginlestirme basamaklarina ihtiyag
duyulmasi1 (Chhabra & Vinjé, 2016), kultlr sdrelerinin gunler
almasi, bazi viriislerin (6rn., Noroviruslar) belirgin sitopatik etki
gostermemesi ve bazi gida kaynakli viriisler i¢in uygun hiicre
kiiltiirti sistemlerinin bulunmamasi (Bosch et al., 2011; Miranda
& Schaffner, 2019). Bu nedenle, daha az emek yogun, yiiksek
duyarlilik ve oOzgilliige sahip RT-PCR ve RT-gPCR gibi
molekiiler yontemler gliniimiizde viral tespitte ¢cok daha yaygin
olarak kullanilmaktadir. Bununla birlikte, kiltiir temelli
yaklagimlar hald bazi viriisler i¢in Onemini korumaktadir.
Ornegin, halk saghgi acisindan ciddi risk olusturan Avian
Influenza Virisleri (H7N9, HS5N8) yabani kuslar, kiimes
hayvanlar1 ve ordeklerde; numunelerin  homojenize edilip
embriyolu tavuk yumurtalarinda 2-5 gln inkibe edilmesi ve
ardindan hemagliitinasyon testi ile dogrulanmasi yoluyla tespit
edilebilmektedir (Dai, Yan, Huang, Zhao, & Liao, 2022; Zhang
et al.,, 2021). Baz1 durumlarda kiiltiir yontemleri, plak testi ve
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entegre hicre kultlri—-RT-qPCR ile kombine edilmekte; 6nce
hiicre kiiltiiriinde ¢ogaltilan viriisiin varlig1 ve diizeyi daha sonra
RT-qPCR ile belirlenmektedir. Bu yaklasima 6rnek olarak, insan
adenovirdsiniin (HAdV) marul, sogan ve gilek gibi taze tirinlerde
plak testi ve entegre hiicre kiltiri—RT-gPCR kombinasyonu ile
basariyla tespit edilmesi verilmektedir (Marti & Barardi, 2016).
Tiim bu 6rnekler, molekiiler yontemlerin baskin roliine ragmen,
belirli  virtsler i¢in  kaltur ve molekiler tekniklerin
entegrasyonunun hala degerli ve tamamlayici bir ara¢ oldugunu
gostermektedir.

3.2. Immiinolojik Testler

Gida kaynakli patojenlerin ve toksinlerinin tespitinde
kullanilan baglica immiinolojik yoOntemler; serotiplendirme,
immunofloresans, lateral akis testleri (LFD) ve 6zellikle Enzyme-
Linked Immunosorbent Assay (ELISA)’dir. Bu yodntemler,
mikrobiyal antijenler ile bunlara 6zgili antikorlar arasindaki
yiiksek afinite prensibine dayanir ve bu etkilesim, patojenlerin
hizli ve 6zgiil bigimde saptanmasi i¢in kullanilir (Oluwaseun et
al., 2018).

Immiinoassay’lerin temel avantajlari;
e Kiiltiire dayali yontemlere kiyasla daha hizli olmalari,
e Uygulamasinin gorece kolay olmasi,

e Toksinleri de tespit edebilmeleri (6rn., enterotoksinler,
mikotoksinler),

e Yiiksek ozgiilliik saglayabilmeleridir.

Buna karsin, reaksiyon ortaminin kontaminasyonu yanlis
pozitif sonuglara yol acabilmekte ve bu da énemli bir sinirlilik
olarak belirtilmektedir (Aladhadh, 2023). Gunimuzde 6zellikle
ELISA ve LFD’ler, gida kaynakli mikroorganizmalar ve
toksinlerinin tespitinde en yaygin kullanilan immiinolojik
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yontemlerdir (Agriopoulou, Stamatelopoulou, & Varzakas, 2020;
Law et al., 2015b). ELISA, baz1 ¢alismalarda PCR ile kombine
(PCR-ELISA) edilerek hem duyarliik hem de O6zgulligi
artirmistir. Omori ve ark (2018) PCR-ELISA yaklasimi ile
gerceklestirdikleri bir ¢calismada, kontamine misir 6rneklerinde
Fusarium verticillioides tespitinde klasik PCR’ye kiyasla
yaklagik 100 kat daha yuksek duyarlilik saglandigini
bildirmislerdir.

ELISA; Salmonella, Campylobacter, E. coli, Listeria gibi
Onemli bakteriyel patojenlerin yani sira,

o Et, sut, makarna ve yumurtada Salmonella spp. (Di Febo
etal., 2019; S. Wang et al., 2015),

e Cesitli gida drneklerinde Campylobacter (Khan, Rathore,
Abulreesh, Qais, & Ahmad, 2018),

e Lahana ve sigir etinde E. coli O157:H7 (Pang et al., 2018;
Zhao et al., 2020),

e Deniz trunlerinde Vibrio parahaemolyticus (Kumar et al.,
2011),

e Siitte Listeria spp. (Tu et al., 2016)

gibi pek ¢ok hedef i¢in basariyla uygulanmistir. Ayrica Stafilokok
enterotoksinleri (Nagaraj, Ramlal, Kingston, & Batra, 2016),
Botulinum toksinleri (et ve sitte) (Stanker et al., 2013), Shiga
toksinleri (Valderrama, Dudley, Doores, & Cutter, 2016) ve B.
cereus enterotoksinleri (Rajkovic et al., 2020) gibi bakteriyel
toksinlerin saptanmasinda da yogun sekilde kullanilmaktadir.
Mikotoksin ve toksijenik fungilerin tespiti i¢in gelistirilen ELISA
ve PCR-ELISA Kkitleri (6rn., patojenik F. verticillioides igin)
yaninda, aflatoksin B:’in depolanmis misirda (Hassan, Jibouri, &
Hashim, 2014), disiik diizey aflatoksinlerin kuru balik (Ounleye
& Olaiya, 2015), yer fistig1 (Oplatowska-Stachowiak et al., 2016)
ve soya sltunde (Aladhadh, 2023) belirlenmesinde de etkin
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sonuglar  vermistir. LFD’ler de 0Ozellikle aflatoksin,
deoksinivalenol ve fumonisinler gibi mikotoksinlerin misir ve
arpa gibi driinlerde hizli taramasinda kullanilmaktadir
(Agriopoulou et al., 2020).

Virlisler acisindan immiinoassay’ler, gida kaynakl
orneklerden ¢ok daha sik olarak klinik ve ¢evresel numunelerde,
nokta-temelli tani (point-of-care) ve halk sagligi siirveyans
amaglt kullanilmaktadir (Wu et al., 2020). Tarihsel olarak
Adenoviris, grup A Rotavirus ve Astrovirus tespiti icin ELISA
kitleri gelistirilmis ve gidalarda da uygulanmistir (Aladhadh,
2023). Ancak giiniimiizde, daha hizli ve daha duyarli olduklar
icin nukleik asit temelli yontemler (6zellikle RT-PCR/RT-gPCR)
viral tespitte immiinolojik testlerin biiyiik 6l¢iide yerini almis
durumdadir.

3.3. Niikleik Asit Bazli Yontemler (Polimeraz Zincir
Reaksiyonu (PCR) ve Varyantlar1 (PCR, RT-PCR
vb.)

PCR ve varyantlari, gida kaynakli  patojen
mikroorganizmalarin  DNA veya RNA’sina 06zgli dizilerin
cogaltilmasina dayanan niikleik asit temelli yontemlerdir. Hedef
mikroorganizmaya 0zgii primerler kullanilarak ilgili gen bolgesi
ekponansiyel olarak amplifiye edilir; bu nedenle PCR, kiltire
dayalt ve ¢ogu immiinolojik yonteme kiyasla daha hizli, daha
duyarli, yiliksek derecede tekrarlanabilir ve ¢ok yonli bir
yaklasim olup, gida patojenlerinin tespitinde siklikla tercih
edilmektedir (Priyanka, Patil, & Dwarakanath, 2016). PCR,
gidadan dogrudan ekstrakte edilen niikleik asitlerde ya da gidadan
izole edilen mikroorganizma kulttrlerinde uygulanabilmektedir.
PCR ve varyantlarinin temel prensipleri, avantaj ve kisitliliklar
ayrintili bigimde derlenmistir (Law et al., 2015b; Muhamad Rizal
et al., 2020; Priyanka et al., 2016).
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Bu yaklasimin ¢ok sayida varyanti gelistirilmistir (nested,
touchdown, hot-start vb.). Nested PCR, iki ardigik reaksiyonda iki
primer seti kullanarak diisiik diizeydeki hedef patojenleri
yakalamay1 amaglar (Mancini, Murolo, & Romanazzi, 2016).
Touchdown PCR, yiiksek baslangic baglanma sicakliklar ile
non-spesifik amplifikasyonu azaltir (Aladhadh, 2023). Multiplex
PCR, ayni reaksiyonda birden fazla patojene yonelik primer
setlerinin kullanilmasiyla ¢oklu tespiti miimkiin kilar (Singhal et
al., 2015). RT-PCR, RNA’dan cDNA sentezleyip bunu
cogaltarak metabolik olarak aktif mikroorganizmalarin veya
RNA virtslerinin tespitine imkan verir (Aladhadh, 2023). Gergek
zamanli / kantitatif PCR (qPCR) ise floresan boyalar veya problar
kullanarak amplifikasyonu anlik izler ve patojen yiikiiniin
kantitatif olarak belirlenmesini saglar (Mancini et al., 2016). RT-
qPCR, RNA’nin ¢cDNA’ya donistiiriilmesini takiben gergek
zamanli amplifikasyonla hem nitel hem kantitatif analiz
yapilmasina olanak tanir (Aladhadh, 2023). Droplet digital PCR
(ddPCR) ise reaksiyon karisimini binlerce damlaciga bolerek
standart egri gereksinimi olmadan mutlak kantitasyon saglayan
bir diger varyanttir (Olmedillas-Lopez, Garcia-Arranz, & Garcia-
Olmo, 2017). LAMP (Loop-Mediated Isothermal Amplification)
ise sabit sicaklikta yaklasik bir saat i¢inde klasik PCR’den daha
fazla kopya tireterek (=10° kopya) hizli amplifikasyon saglar
(Soroka et al., 2021).

DNA’ya dayali klasik ve varyant PCR yaklagimlar
(endpoint PCR, nested PCR, multiplex PCR vb.), hedef patojenin
canli olup olmadig1 hakkinda dogrudan bilgi vermez; ancak
Salmonella spp., Campylobacter spp., E. coli O157:H7, S.
aureus, B. cereus, L. monocytogenes ve V. parahaemolyticus gibi
pek cok onemli bakteriyel patojenin farkli gidalarda (Kore RTE
gidalari, peynir, siit, et, yumurta, salata, balik vb.) tespiti i¢in
basariyla kullanilmigtir (Carvalho et al., 2014; Lee et al., 2014;
Moezi, Kargar, Doosti, & Khoshneviszadeh, 2019; Pires, Dong,
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Yang, & da Silva, 2021; Pires et al., 2021; Samad et al., 2018;
Vinayaka et al., 2019). Gergek zamanli PCR (qPCR), bu
patojenlerin  (Salmonella, E. coli, Campylobacter, L.
monocytogenes, C. perfringens, S. aureus, Vibrio spp.) et, sit
driinleri, kanatli eti, balik ve sebzelerdeki miktarinin
belirlenmesinde klasik ve multiplex PCR’ye gore daha yaygin
kullanilan yontem haline gelmistir (Azimirad et al., 2021; Bai et
al., 2022; Bonnin-Jusserand et al., 2019; Cao et al., 2019; Chin,
Salihah, Shivanand, & Ahmed, 2022; Heo, Kim, Suh, & Moon,
2022; Yang et al., 2020).

RT-PCR ise, teorik olarak canlilik gostergesi
sayilabilecek mRNA’y1 hedeflese de, mRNA nin gida matrisinde
hizli degradasyonu ve yontemin emek yogun olmasi nedeniyle
bakteriler igin qPCR kadar yaygin degildir (Foddai & Grant,
2020). Yine de; yapay kontamine biberlerde S. typhimurium ve
kontamine yumurta ile sutte S. enterica tespitinde kullanilmistir
(Aladhadh, 2023).

Canli-6li ayrimint miimkiin kilmak amaciyla gelistirilen
viable PCR (vPCR) yaklagiminda, érnekler EMA veya PMA gibi
interkale boyalarla 6n isleme tabi tutulur; bu boyalar yalnizca
membrani bozulmus (6lii) hiicrelere girerek DNA’y1 bloke eder
ve boylece PCR amplifikasyonu yalnizca canli hiicrelere ait
DNA’dan olusur (Chen et al., 2022). vPCR, canli Salmonella
spp.’nin domuz eti ve RTE salatada (Thanh, Agusti, Mader,
Appel, & Codony, 2017) ve Helicobacter pylori’nin perakende
domuz etinde tespitinde (De Cooman et al., 2013); vPCR-qPCR
kombinasyonu ise dondurulmus ve sogutulmus kanatli etinde
canli Campylobacter spp. (Castro et al., 2018) ve et, salata,
peynir, sitte Listeria spp.’nin dogru tespit ve kantitasyonunda
kullanilmustir (Agusti, Fittipaldi, & Codony, 2018).

Fungal patojenlerin gidalarda PCR ile tespitine dair
bildirimler bakterilere goére daha siirli olmakla birlikte,
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aflatoksijenik  Aspergillus, Penicillium ve Fusarium gibi
mikotoksijenik turlerin tespiti igin endpoint PCR, real-time PCR,
nested PCR, RT-gPCR, LAMP ve multiplex PCR gibi pek ¢ok
varyant uygulanmistir (H. Ur Rahman et al., 2020). Ornegin
multiplex PCR ile Kore’ye 6zgii fermente soya baslangi¢ kiiltiirti
“meju”da aflatoksijenik Aspergillus izolatlar1 ayristirilmis (Kim,
Chung, & Chun, 2011), kontamine musir tozunda Aspergillus—
Penicillium—Fusarium birlikte tespit edilmistir (Hamid Ur
Rahman et al., 2020); RT-PCR ile patulin Greten P. expansum
elmalarda (Tannous et al., 2015), LAMP ile ochratoksin A Ureten
P. nordicum kuru fermente etlerde (Ferrara et al., 2015), PCR-
DGGE-sekanslama kombinasyonuyla da sarapta ochratoksin
Ureten A. niger izlenmistir (Laforgue et al., 2009).

Viral patojenlerde RT-PCR, RT-qPCR, dijital RT-PCR ve
kantitatif RT-PCR, gida 6rneklerinde viriis tespiti i¢in yaygin
bi¢cimde kullanilmaktadir (Bosch et al., 2011). Virusler, dncelikle
gida matrisinden ekstrakte ve konsantre edildikten sonra bu
yontemlerle analiz edilir; yontemler hem dogrudan gida
ekstraktlarina hem de hiicre kiiltlirii ile kombine protokollere
(entegre hiicre kiltiri—RT-gPCR) uygulanabilir (Miranda &
Schaffner, 2019). Ancak ekstraksiyon verimsizligi, matristen
gelen inhibitérler ve enfektif/inekfektif partikiillerin ayriminin
yapilamamasi énemli sinirliliklardir (Sdnchez & Bosch, 2016).
Bu sorunu azaltmak i¢in RT-(q)PCR 6ncesi PMA/EMA ile 6n
islem kullanilarak, enfektif Hepatit A ve Rotavirus partikullerinin
non-enfektif partikiillerden ayrilabildigi gosterilmistir (Coudray-
Meunier, Fraisse, Martin-Latil, Guillier, & Perelle, 2013). RT-
PCR, midyelerde Hepatit A ve Norovirus prevalansinin
gosterilmesinde (La Bella et al., 2017), domuz karaciger
sosislerinde ve perakende driinlerde Hepatit E virlsiunin
saptanmasinda (Althof et al., 2019) ve sigir, domuz, kanath
etlerinde Adenovirus, Hepatit E ve Rotavirus prevalansinin
belirlenmesinde kullanilmistir (Soares et al., 2022). Mikroakiskan
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sistemlerle birlestirilen dijital RT-PCR ise yumusak meyveler ve
marul gibi diisiik kontaminasyon diizeyine sahip iiriinlerde
Norovirus ve Hepatit A tespitinde duyarliligi artirmis, PCR
inhibisyonunu azaltmistir (Fraisse et al., 2017).

3.4. Yeni Nesil Dizileme (NGS) Ydntemleri

Yeni nesil dizileme (Next-Generation Sequencing, NGS)
ve buna eslik eden biyoenformatik analizler, gida giivenliginde
hem aragtirma hem de siirveyans agisindan gii¢lii bir ara¢ haline
gelmistir. NGS, baslica iki sekilde kullanilmaktadir: (i) tiim
genom dizileme (Whole Genome Sequencing, WGS) ile tek bir
izolatin tiim genomunun ortaya konmasi ve (ii) metagenomik
yaklagimlarla ~ bir  Ornekte  bulunan  ¢ok  sayidaki
mikroorganizmanin (bakteri, fungi, virts) birlikte dizilenmesi.
Metagenomik uygulamalarda, 16S rRNA, ITS veya diger
biyolojik belirtegler kullanilarak belirli mikrobiyal gruplar
hedeflenebilmektedir (Desdouits et al., 2020).

NGS, gida kaynakli bakteriyel patojenlerin tespiti,
karakterizasyonu ve silirveyansinda yayginlasmaktadir. Taze
urtnlerde Salmonella ve Norovirus’un yerine model virls olarak
kullanilan MS2 fajinin varligr farkli NGS yaklagimlariyla
arastiritlmis; ScriptSeq tabanli RNA-seq yontemi, Salmonella igin
10* CFU/reaksiyon ve MS2 i¢in 10° PFU/reaksiyon diizeyinde en
duyarli yontem olarak bildirilmistir (Lewis, Hudson, Cook,
Barnes, & Haynes, 2020). WGS, gida kaynakli salginlarda L.
monocytogenes suslarinin izlenmesinde (Law, Ab Mutalib, Chan,
& Lee, 2015a), Siga toksin {iireten E. coli’nin spinate
yapraklarinda shot-gun metagenomik ile ~10 CFU/100 g
diizeyinde saptanmasinda kullanmilmistir (Aladhadh, 2023).
Ayrica, RT-PCR veya multiplex PCR ile 6nceden pozitifligi
gosterilmis Orneklerde, Illumina tabanli NGS ile S. sonnei, L.
monocytogenes, C. jejuni, S. enterica ser. Enteritidis, S. aureus,
E. coli, Y. enterocolitica gibi patojenler et, sit, deniz Urinleri ve
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sebzelerden dogrulanmistir (Miralles et al., 2019). WGS, bu
baglamda gida kaynakli patojenlerin filogenetik karakterizasyonu
ve siirveyansinda kritik bir ara¢ olarak one ¢ikmaktadir (Moran-
Gilad, 2017).

Fungal patojenlerde NGS kullanimi, bakterilere gére daha
siirli olmakla birlikte, klinik ve baz1 gevresel 6rneklerde tespit
ve tanimlama amaciyla uygulanmstir (Jiang et al., 2022). Gida
kaynakli viriislerde ise NGS genellikle diger yontemlerle
(6zellikle RT-PCR/RT-qPCR) pozitifligi gosterilmis 6rneklerin
dogrulanmasi ve genotiplendirilmesi i¢in kullanilmaktadir.
Ornegin; tavuk ve ordek et Grinlerinde tespit edilen Avian
Influenza viriisleri WGS ile filogenetik olarak karakterize edilmis
(Cui etal., 2022); Almanya’da 2012’de ger¢eklesen dondurulmus
cilek kaynakli Norovirus salgininda, RT-qgPCR ve dPCR ile
birlikte metagenomik NGS kullanilarak Norovirus genotipi
dogrulanmigtir (Bartsch, HOoper, Made, & Johne, 2018). Benzer
sekilde, RT-PCR Kkereviz, istiridye, marul, maydanoz ve cilek
orneklerinde Norovirus ve/veya Hepatit A viriislerinin varligi ve
genetik cesitliligi metagenomik ve amplicon tabanli NGS ile
ayrintili bi¢imde ortaya konmustur (Imamura et al., 2017; Itarte
et al., 2021). Bu uygulamalar, NGS’in gida kaynakli viriislerin
hem tespitinde hem de ayrintili molekiiler tiplenmesinde
tamamlayict ve yiiksek ¢Ozilintirliklii bir ara¢ oldugunu
gostermektedir.

4. SONUCLAR VE GELECEK YONELIMLER

Bu derlemede, gida kaynakli patojenlerin tespitinde
kullanilan dort temel yaklasim — kiiltiire dayali yontemler,
immunolojik yontemler, nikleik asit temelli (PCR) yontemler ve
yeni nesil dizileme (NGS) temelli yontemler — karsilastirmali
olarak degerlendirilmistir. Kiiltiire dayal1 yontemlerin, MALDI-
TOF MS ve nukleik asit temelli teknikler (6zellikle bakteriler icin
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gercek zamanli PCR, fungiler icin RT-PCR) ile birlikte
kullanilmast durumunda, basta bakteriyel ve fungal patojenler
olmak iizere bircok gida kaynakli etkenin hizli ve gilivenilir
sekilde tespit ve identifikasyonunda oldukca etkili oldugu
vurgulanmaktadir.

Giincel uygulamalarda, patojen tespiti i¢in ger¢ek zamanli
PCR ve vPCR gibi niikleik asit temelli yontemlerin, gerektiginde
dizileme ile birlestirilerek, immiinolojik ve NGS temelli
yaklagimlara gore daha yaygin kullanildigi belirtilmektedir.
Bununla birlikte, NGS temelli yaklagimlar (6zellikle
metagenomik), gida kaynakli patojenlerin genotipi, ¢esitliligi ve
aktiviteleri hakkinda benzersiz diizeyde ayrinti sunmakta;
siirveyans, izleme, iz siirme (tracing), tarama ve tanimlama
stireclerinde 6nemli bir potansiyel tasimaktadir. Bu sayede, gida
zincirinde daha erken donemde tespit edilen patojenlerin yol
acabilecegi salginlarin daha etkin yonetilmesi ve halk sagliginin
guclendirilmesi mimkun olabilecektir.

Mevcut ve gelecekteki ¢alismalarin;

e Mevcut molekiiler ve genomik araglarin gida denetimi ve
resmi kontrol sistemlerine daha etkin entegrasyonu,

e Bu yontemlerin uygulamasina yonelik gida giivenligi ve
slirveyans personelinin egitimi,

e Ve gida kaynakli patojenlerin kontrolii ve eliminasyonu
icin yeni yaklasimlarin gelistirilmesi (6rn., bakteriyofaj
temelli biyokontrol stratejileri)

Uzerinde yogunlasmasi gerektigi diisiiniilmektedir. Bu ¢ergevede,
coklu yontem kombinasyonlar1 (kiiltiir + PCR + NGS vb.) ve
hedefe yonelik biyokontrol araglari, gelecekte gida kaynakli
patojenlerle miicadelede temel bilesenler arasinda yer alacaktir.
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