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Taxifolin attenuates cisplatin-induced kidney damage
in rats via suppressing p53 and iNOS

Gokhan Akcakavak' ©, Ozhan Karatas? ©, Zeynep Celik Kenar® ©, Aysenur Tural Cifci*©,
Osman Dagar® ©, Ahmed A.j. Jabbar® ©, Bahadir Kilin¢’ ©, Mehmet Tuzcu?®
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3.8 Selcuk University, Faculty of Veterinary Medicine, Department of Pathology, Konya, Tiirkiye
°> Aksaray University, Vocational school, Aksaray, Tiirkiye
6 Erbil Technical Health and Medical College, Erbil Polytechnic University, Department of Medical Laboratory Technology, Erbil, Irag
7 Etlik Central Veterinary Control and Research Institute, Pathology Department, Ankara, Tiirkiye

Gelis Tarihi / Received: 18.04.2024, Kabul Tarihi / Accepted: 22.05.2024

Abstract:Cisplatin (CP) is a platinum-based anticancer drug used to treat many different solid tumors. Although
CP has strong anticancer properties, its clinical use is limited due to side effects such as ototoxicity, neurotoxicity,
myelosuppression and nephrotoxicity. Taxifolin (Tax) is reported to exhibit various possess effects such as anti-
inflammatory, antioxidant, antimicrobial, antiviral and anticancer. In this study, we aimed to investigate the possible
effects of Tax on CP-induced nephrotoxicity. This study consisted of Control (C), Taxifolin (Tax), Cisplatin (CP)
and Cisplatin + Taxifolin (CP + Tax) groups, and there were 6 rats in each group. CP was administered to rats
intraperitoneally (i.p.) in a single dose of 7 mg/kg, and Tax was administered orally at a dose of 50 mg/kg for 7
consecutive days. Histopathologically, significant changes such as tubular epithelial degeneration and necrosis,
tubular dilatation, inflammatory cell infiltrates, hyaline cast, and glomerular atrophy were detected in the CP
group. It was seen that the CP+Tax group significantly reduced histopathological changes (p<0.001). In addition,
immunohistochemically, the expressions of inducible nitric oxide synthase (iNOS) and p53 were highly irregular in
the CP group relative to the control groups (p<0.001). Taxifolin treatment (CP+Tax group) significantly decreased
the expressions of iNOS and p53 (p<0.001). Current findings revealed nephroprotective and ameliorative effects of
Tax against CP-induced kidney toxicity.

Keywords: Cisplatin, histopathology, iNOS, taxifolin, p53.

Taksifolin, pS3 ve INOS’u baskilayarak si¢canlarda
sisplatin kaynaklh bobrek hasarini hafifletir

Ozet: Sisplatin (SP), bircok farkli solid timériin tedavisinde kullanilan platin bazli bir antikanser ilactir. Sisplatin giiclii
antikanser ¢zelliklere sahip olmasina ragmen ototoksisite, nérotoksisite, miyelosiipresyon ve nefrotoksisite gibi yan
etkileri nedeniyle klinik kullanimi sinirhdir. Taksifolin (Tak)'in antiinflamatuar, antioksidan, antimikrobiyal, antiviral ve
antikanser gibi cesitli etkilere sahip oldugu bildiriimektedir. Bu calismada Tak'in SP kaynakl nefrotoksisite Gzerindeki
olasi etkilerinin arastiriimasi amaglandi. Bu ¢alisma Kontrol (K), Taksifolin (Tak), Sisplatin (SP) ve Sisplatin+Taksifolin
(SP+Tak) gruplarindan olustu ve her grupta 6 sican yer aldi. SP, sicanlara intraperitoneal (i.p.) olarak tek doz
7 mg/kg uygulandi ve Tak, oral olarak 50 mg/kg dozunda ardisik 7 giin uygulandi. Histopatolojik olarak SP
grubunda tubdler epitelyal dejenerasyon ve nekroz, tiibiler dilatasyon, yangi hicre infiltrasyonu, hiyalin silindir
ve glomeriler atrofi gibi dnemli degisiklikler tespit edildi. SP+Tak grubunun histopatolojik degisiklikleri anlamli
dizeyde azalttigi goruldu (p<0,001). Ayrica immiinohistokimyasal olarak indiklenebilir nitrik oksit sentaz (iNOS) ve
p53 ekspresyonlarinin SP grubunda kontrol gruplarina gére oldukga diizensiz oldugu gorildu (p<0,001). Taksifolin
tedavisi (SP+Tak grubu) iNOS ve p53 ekspresyonlarini anlamli diizeyde azaltti (p<0.001). Mevcut bulgular, Tak'in SP
kaynakli bébrek toksisitesine karsi nefroprotektif ve iyilestirici etkileri ortaya koydu.

Anahtar kelimeler: histopatoloji, iNOS, taksifolin, p53, sisplatin

Introduction wou, 2014). CP is also used as a combination thera-

Cisplatin (CP) is known as a platinum-derived anti-  py in the treatment of squamous cell carcinoma and
cancer agent used in the treatment of many tumors  osteosarcoma (Wagner et al., 2016; Le and Hanna,
such as brain, kidney, lung, head and neck tumors,  2018). CP is one of the most potent and effective
testicles, ovaries and bladder (Dasari and Tchoun-  chemotherapeutics with well-known antitumor ef-
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fects (Dasari and Tchounwou, 2014). In cases of can-
cer, CP cross-links with purine bases on DNA and is
subsequently considered to induce cell cycle arrest
and apoptosis in cancer cells (Dasari and Tchoun-
wou, 2014).

Although CP has strong anticancer properties,
its clinical use is limited due to side effects such as
ototoxicity, neurotoxicity, myelosuppression and
nephrotoxicity (Skinner et al., 1998; Ben Ayed et al.,
2020). CP-induced nephrotoxicity includes impor-
tant processes such as inflammation, vascular dam-
age, oxidative stress, endoplasmic reticulum (ER)
stress, cellular uptake and accumulation, necrosis,
and apoptosis (Ben Ayed et al., 2020; McSweeney et
al., 2021; Kazak et al,, 2022; Akcakavak et al.,, 2023).
It is stated that inflammation and oxidative stress,
in particular, play a key role in CP-induced acute
kidney injury (Ben Ayed et al, 2020; Alanezi et al.,
2022).

Taxifolin  (Tax), 3,5,7,3,4-pentahydroxyflava-
none, is primarily known as a compound derived
from Douglas fir and Larix gemelini (Jain and Vaidya,
2023; Yang et al, 2023). Tax is also found in vari-
ous plants such as camphor pine, black pine, saf-
flower and olive oil (Liu et al., 2014). Tax is reported
to exhibit various possess effects such as anti-in-
flammatory, antioxidant, antimicrobial, antiviral and
anticancer (Yang et al., 2021; Jain and Vaidya, 2023;
Olmeztiirk Karakurt et al., 2023; Yang et al., 2023).

Although nephrotoxicity is common in pa-
tients treated with CP, treatments to reduce and/
or prevent nephrotoxicity are of great importance
today in order to eliminate its harmful effects and
enable it to demonstrate clinically strong antican-
cer properties. In recent years, the therapeutic and/
or protective effects of many different agents have
been evaluated in different studies to reduce and/or
minimize CP-induced nephrotoxicity. Tax is reported
to have a nephroprotective effect against renal tox-
icity caused by various nephrotoxic agents (Topal et
al, 2023). There are limited studies evaluating the
effects of Tax on CP-induced nephrotoxicity (Kara et
al, 2019; Alanezi et al., 2022). In present study, the
effects of Tax on CP-induced nephrotoxicity were
assessed histopathologically and immunohisto-
chemically.

Material and Methods

Animals

Present study, 24 male Wistar Albino rats, 2 months
old, weighing 250-300 g, were utilized. Rats were

housed in rooms with a temperature of 20-22°C, in
standard plastic cages, with 12 hours of light and 12
hours of darkness, and were fed ad libitum. Cispla-
tin (Cipintu 100 mg/100 ml, Istanbul, Turkiye) ad-
ministration to rats was performed intraperitoneally
(i.p.) at a dose of 7 mg/kg, according to a previously
reported study (Aldemir et al., 2014). Taxifolin (Eva-
lar, Russia) solution was prepared in physiological
saline at 50 mg/kg and was administered by oral
gavage (Erhan et al., 2021; Ersoy et al., 2021).

The study was designed to include 6 rats in
each group. Control (C) group; Rats were adminis-
tered 0.5 ml/rat saline i.p. once on the first day and
distilled water was conducted orally once a day for
7 days. Taxifolin (Tax) group: Rats were adminis-
tered 0.5 ml/rat physiological saline i.p. once on the
first day, and 50 mg/kg Tax was conducted orally
once a day for 7 days. Cisplatin (CP) group: Rats
were administered 7 mg/kg CP i.p. once on the first
day of the study, and distilled water was conducted
orally once a day for 7 days. Cisplatin+ Taxifolin
(CP+Tax) group: Rats were administered 7 mg/kg
CP i.p. once on the first day of the study, and 50 mg/
kg Tax was conducted orally once a day for 7 days.
On day 8™ of the study, all rats were sacrificed under
i.p. xylazine (10 mg/kg) and ketamine (100 mg/kg)
anesthesia. Necropsies were performed and kidney
tissues were removed. Afterwards, they were placed
in neutral formaldehyde solution for histopatholog-
ical and immunohistochemical examination.

Histopathological examination

The kidney tissues were fixed in 10% neutral form-
aldehyde solution for 24-48 hours. Afterwards, par-
affin blocks were obtained through routine tissue
follow-up. Sections were taken from paraffin blocks
onto ground slides, stained with Hematoxylin-Eosin
(H-E) and examined under light microscopy. Histo-
pathological scoring was evaluated semi quantita-
tively in 10 different areas at x20 magnification (0;
none, 1; mild, 2; moderate, 3; severe) (Akcakavak et
al., 2023).

Immunohistochemical examination

Sections were cut from paraffin blocks onto adhe-
sive slides. Immunohistochemical staining was done
according to a previously mentioned study (Akca-
kavak et al., 2023). IHC staining was performed with
the Ultra vision detection system anti-polyvalent,
HRP (Thermo Scientific, TP-60-HL, USA) kit, in ac-
cordance with the manufacturer recommendations.
Anti-iINOS (Abcam, ab283655, 1/200 dilution) and
Anti-p53 (Proteintech, 60283-2-Ig, 1/500 dilution)
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were utilized as primers. 3,3 diaminobenzidine
(DAB) was used as chromogen and counterstaining
was done with Mayers-Hematoxylin. Immunohisto-
chemical scoring was evaluated semi-quantitatively
in 20 different areas at x20 magnification the aver-
age was taken (0; none, 1; mild, 2; moderate, 3; se-
vere)(Akcakavak et al., 2023).

Statistical analysis

Evaluation of data between groups was done with
SPSS (Inc., Chicago, USA 25.0) statistical program.
Histopathological and immunohistochemical scores
were evaluated with Kruskal wallis. Mann-Whitney U
test was utilized to determine the difference among
groups. The accepted importance limit was p < 0.05.

Results

Histopathological results

Histopathological scores between the groups are
shown in table 1. Control and Tax groups were
found to exhibit normal histological appearance. In
the CP group, significant histopathological changes
such as degeneration and necrosis in the tubular
epithelium, tubular dilation, hyaline cast, inflamma-
tory cell infiltration and glomerular atrophy were
determined. It was found that the CP+Tax group re-
duced the relevant changes at a statistically signifi-
cant level (p<0.001). In addition, it was determined
that there were occasional bleeding foci in the CP
group. In the CP+Tax group, bleeding foci were less
frequent.

Figure 1. Histopathological evaluation of the effect of taxifolin on cisplatin-induced kidney damage, H-E,
A; Control group, B; Tax group, C-D; CP group, E; CP+Tax group, necrosis of tubular epithelium (arrows), de-
generation of tubular epithelium (arrowheads), tubular dilation (a), hyaline casts (b), glomerular atrophy (c).

Table 1. Histopathological scoring of the effects of taxifolin on cisplatin-induced renal injury.

Histopathological lesion C Tax cP CP+Tax

Degeneration of tubular epithelium 0.33+0.21¢ 0.50+0.22¢ 2.67+0.212 1.67+£0.21°
Necrosis of tubular epithelium 0.17+0.17¢ 0.33+0.21¢ 2.50+0.222 1.50+£0.22°
Inflammatory cell infiltration 0.50+0.22¢ 0.67+0.21¢ 2.17+0.172 1.33£0.21°
Tubular dilation 0.50+0.22¢ 0.67+0.21¢ 2.17+0.30? 1.33£0.21°
Hyaline cast 0.33+0.21¢ 0.33+0.21¢ 2.50+0.222 1.50+0.22°
Glomerular atrophy 0.50+0.22¢ 0.67+0.21¢ 2.17+0.172 1.331£0.21°

a< L etters in the same line indicate statistical significance (p<0.001). Group means were given as Mean * SE (n;6). (C;Control, Tax; Taxifolin,

CP;Cisplatin, CP+Tax; Cisplatin+Taxifolin)

Etlik Vet Mikrobiyol Derg,

https://vetkontrol.tarimorman.gov.tr/merkez

Cilt 35, Sayt 1, 2024, 1-7



4 Akcakavak G et al. Taxifolin attenuates cisplatin-induced kidney damage in rats

Immunohistochemical results

The immunohistochemical scores between the
groups are given in table 2. INOS and p53 expres-
sions were very mild or absent in the control groups.
iNOS immunoreactive had luminar localized stain-
ing, and p53 had cytoplasmic and nuclear staining.

Significant increases were determined in the rele-
vant expressions (iNOS and p53) in the CP group
(p<0.001). In the CP+Tax group, iNOS and p53 ex-
pression levels were found to be significantly re-
duced (p<0.001).

Figure 2. Inmunohistochemical evaluation of the effect of taxifolin on iNOS and p53 expressions on cis-
platin-induced kidney damage (C; Control, Tax; Taxifolin, CP; Cisplatin, CP+Tax; Cisplatin+Taxifolin groups,

iNOS; inducible nitric oxide synthase).

Table 2. Immunohistochemical scoring of the effects of taxi-
folin on cisplatin-induced renal injury.

Primer

Antibody C Tax CP CP+Tax
p53 0.33+0.21¢ 0.50+0.22° 2.67+0.21* 1.67+0.21°
iNOS 0.50+£0.22¢ 0.67+0.21¢ 2.17+0.17> 1.33+0.21°

a< Letters in the same line indicate statistical significance
(p<0.001). Group means were given as Mean + SE (n;6). (C;Control,
Tax;Taxifolin, CP;Cisplatin, CP+Tax; Cisplatin+Taxifolin, iNOS; in-
ducible nitric oxide synthase)

Discussion and Conclusion

Present study, we aimed to investigate the beneficial
effects of Tax on CP-induced nephrotoxicity. Current
findings showed that Tax had a nephroprotective/
curative effect on kidney injury caused by CP treat-
ment by reducing the expressions of iNOS and p53,
improving histopathological changes.

Regarding the histopathological examination,
the present study showed good evidence of neph-
rotoxicity after CP (7 mg/kg i.p.) injection. These
changes were degeneration and necrosis of tubular
epithelium, tubular dilation, hyaline casts, inflam-
matory cell infiltration, and glomerular atrophy. In
addition, it was determined that there were occa-

sional bleeding foci in the CP group. Researches on
cisplatin-induced renal toxicity, it was reported that
histopathologically, degeneration and necrosis of
tubular epithelium, inflammatory cell infiltrations,
hyaline cast, tubular dilatation and glomerular atro-
phy, edema and bleeding were detected (Kara et al.,
2019; Alanezi et al., 2022; Kazak et al., 2022). Present
study, histopathological findings were found to be
compatible with the findings of previous studies.

In experimental toxicity studies induced by
many different chemicals, taxifolin is reported to al-
leviate and/or improve histopathological changes
and is attributed to its anitoxidative, anti-inflamma-
tory and anti-apoptotic effects (Obeidat et al., 2022;
Alanezi et al.,, 2022; Althunibat et al., 2023). The cur-
rent study revealed that Tax significantly alleviated
histopathological changes in CP-induced renal tox-
icity.

The mechanisms of cisplatin nephrotoxicity in-
clude many signals, such as oxidative damage and
disruption of the inflammatory process in the kid-
ney. In normal homeostasis, there is a balance be-
tween ROS production and the antioxidant defense
system. CP may cause excessive ROS production
and impairment of antioxidant defense systems,
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leading to oxidative stress and mitochondrial dys-
function (Halliwell, 2006). In response to oxidative
stress damage nuclear factor-kappa B (NF-kB) is ac-
tivated, leading to ROS/RNS (reactive nitrogen spe-
cies) stress imbalance and consequently increased
cytokine release (Kurutas, 2015). It has also been
reported to increase the synthesis of iINOS through
the activation of NF-kB (Tunon et al., 2003).

iNOS is a nitric oxide synthase (NOS) known
to be the major producer of nitric oxide (NO). NO
produced via iINOS is more important in inflamma-
tory responses and diseases such as cancer (Vannini
et al, 2015). It has been stated that iINOS expres-
sions are upregulated in many cisplatin-induced
renal toxicity studies (Chirino et al., 2008; Wang et
al., 2018; Aladaileh et al., 2021). Pan et al. (2009) re-
ported that in their cisplatin-induced renal toxicity
study, canabidiol treatment resulted in the suppres-
sion of excessive INOS expressions that occurred
with cisplatin application and thus reduced renal tu-
bular damage. Chirino et al. (2008) reported that se-
lective iNOS inhibition attenuated cisplatin-induced
nephrotoxicity. In a different study, it was reported
that mesenchymal stem cells reduced cisplatin-in-
duced nephrotoxicity via iINOS (Simovic Markovic
et al., 2017). Increased levels of INOS-mediated
NO can cause apoptosis and DNA damage. Thus,
stimulation of iINOS can result in tubular cytotoxic-
ity and renal failure (Morsy et al., 2014; Akcakavak
et al, 2024). It has been stated that inhibition of
iNOS activity can decrease oxidative stress in renal
tubular cells (Wu et al,, 2007). Present study, iNOS
expression was found to be significantly increased
in the CP group relative to the control groups
(p<0.001). Tax treatment reduced iNOS expressions
and demonstrated nephroprotective effects against
CP-induced renal toxicity. It was thought that this
situation may be due to the antioxidant and anti-
inflammatory effects of Tax (Jain and Vaidya, 2023;
Olmeztiirk et al., 2023). A recent study reported that
Taxifolin reduces oxidative stress and NF-kB cytoki-
nin expressions in cisplatin-induced nephrotoxicity
(Alanezi et al., 2022). Present study, NF-kB down-
regulation may have played a role in the decreased
iNOS expressions.

p53 is a transcription factor that acts a central
role in processes such as DNA repair, cell death, and
cell cycle arrest, in response to various stress sig-
nals. The p53 gene is encoded by the TP53 gene
locus, which is located on the short arm of human
chromosome 17 (17p13.1) (Levine and Oren, 2009;

Sabapathy and Lane, 2018). p53 tumor suppressor
protein induces apoptosis in response to DNA dam-
age and oncogene activation (Bassett et al., 2008).
It has been reported that procedures aimed at p53
suppression reduce cisplatin-induced apoptosis and
kidney damage (Molitoris et al., 2009; Zhang et al.,
2020). Zhang et al. (2020) reported that Pioglitazone
prevents cisplatin nephrotoxicity by suppressing the
p53-mediated mitochondrial apoptotic pathway via
SIRT1 activation. Wu et al. (2021) reported that Nic-
otinamide protects against cisplatin-induced tubu-
lar damage by suppressing the PARP1/p53 pathway.
Research show that p53 can induce apoptosis due
to oxidative stress, DNA damage and mitochondrial
dysfunction in cisplatin-induced kidney toxicity. In-
deed, DNA damage and the resulting DNA damage
response are known to be the main trigger of p53
activation in the kidneys (Tang et al., 2019). It is also
reported that it causes an increase in the expression
of 8-hydroxy-2-deoxyguanosine (8-OHdG), which
is the most important indicator of DNA damage in
cisplatin-induced kidney toxicity studies (Geyikoglu
et al., 2017; Mercantepe et al., 2018). Additionally,
different studies have reported that taxifolin has
reducing effects on 8-OhdG expressions (Unver et
al, 2019; Okkay et al.,, 2022). In present study, an
increase in p53 expression was detected in the CP
group and was compatible with the findings of pre-
vious studies (Zhang et al., 2020; Wu et al., 2021).
This situation was thought to cause p53 upregula-
tion due to oxidative stress, DNA damage and mito-
chondrial dysfunction caused by cisplatin adminis-
tration. Additionally, considering the findings of the
study, it shows that the p53 gene plays an important
role in the process of kidney damage caused by cis-
platin. Taxifolin treatment (CP + Tax group) signifi-
cantly reduced p53 expression and revealed that it
had a tubular damage-reducing effect against CP-
induced renal toxicity. It is possible to interpret that
p53 downregulation may decrease apoptosis, espe-
cially in the CP + Tax group. Moreover, in a recent
study, evidence that taxifolin reduced apoptosis in
cisplatin-induced kidney toxicity further strength-
ened our opinion (Alanezi et al., 2022).

The current study shows that Tax given simulta-
neously with CP treatment acts a protective/curative
role in alleviating CP-induced renal injury by sup-
pressing histopathological changes and iNOS, p53
expressions. Thus, Tax may be a promising candi-
date for attenuating kidney damage in patients un-
dergoing with CP chemotherapy.
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Abstract: In this study, based on the results of tuberculin skin tests (Bovine and Avian PPD) used in the antemortem
diagnosis and differentiation of Bovine Tuberculosis, the animals in the farms with suspected Tuberculosis were
serologically examined to diagnose Paratuberculosis infection and fecal bacterioscopy was performed. In addition,
it was aimed to obtain data that will contribute to the eradication studies of Bovine Tuberculosis disease by
comparing the antemortem diagnostic methods of Bovine Tuberculosis disease, which is endemic in Turkiye and by
determining the sensitivity and specificity values of the interferon gamma (IFN-y) test. In this context, intradermal
tuberculin test was applied to 423 cattle with suspected Tuberculosis in a total of 5 dairy cattle farms, one each from
Cankiri, Corum, Ankara, Eskisehir and Konya regions, and this test was determined as the gold standard method and
the sensitivity and specificity of the IFN-y test were determined as 86% and 97%, respectively. For the diagnosis of
Paratuberculosis infection, antibody ELISA, fecal bacterioscopy and IFN-y ELISA were performed on these animals
and the prevalence of these tests were 10.4%, 5.44% and 4.96% respectively and 4 (0.95%) of the cattle were positive
for each of the diagnostic methods for Mycobacterium avium spp. paratuberculosis (Map) infection. As a result, it
was concluded that IFN-y test, which gives similar results to intradermal tuberculin test results, can also be used
in the antemortem diagnosis of Bovine Tuberculosis. Also, in the comparative intradermal tuberculin test for the
diagnosis of Tuberculosis infection, avian PPD positive animals were found to play a decisive role in the detection
of nonspecific reactions or Paratuberculosis infected animals, supported by other tests used for the diagnosis of
Paratuberculosis.

Keywords: Cattle, ELISA, IFN-y test, Mycobacterium bovis, Paratuberculosis

Sigir Tiiberkiiloz ve Paratiiberkiiloz enfeksiyonlarinin
antemortem tani yontemleriyle ayrimi

Ozet: Bu arastirmada, Tiiberkiiloz siipheli isletmelerde bulunan hayvanlara, Sigir Tiiberkiilozunun antemortem tani
ve ayriminda kullanilan tiberkulin deri testleri (PPD bovine ve avian) sonuclarindan yola ¢ikilarak, Paratiberkiloz
enfeksiyonu teshisi koymak igin serolojik olarak incelendi ve fekal bakteriyoskopi yapildi. Ayrica Tirkiye'de endemik
olarak gorilen Sigir Tuberklloz hastaliginin antemortem tani yontemleri karsilastirilip, interferon gama (IFN-y)
testinin sensitivite ve spesifite degerleri belirlenerek Sigir Tiberklloz hastaliginin eradikasyon calismalarina katki
saglayacak verilerin elde edilmesi amaclandi. Bu kapsamda Cankiri, Corum, Ankara, Eskisehir ve Konya bélgelerinden
birer adet olmak tzere toplam 5 stt sigircilidi isletmesinde Tuberkiloz stiphesi olan 423 sidira intradermal tiberklin
testi uygulandi ve bu test altin standart metot olarak belirlenerek, IFN-y testinin sensitivitesi % 86, spesifitesi % 97
olarak belirlendi. Paratiiberkiiloz enfeksiyonunun tanisi igin bu hayvanlara antikor ELISA, fekal bakteriyoskopi ve
IFN-y ELISA yapildi ve bu testlerin prevalanslari sirasiyla % 10,4, % 5,44 ve % 4,96 bulundu ve sidirlardan 4 (%0,95)'u
Mycobacterium avium spp. paratuberculosis (Map) enfeksiyonu tani ydntemlerinin her birine pozitif sonug verdi.
Sonug olarak, intradermal tuberkilin testi sonuglarina benzer sonuglar veren IFN-y testinin Sigir Tiberkilozunun
antemortem tanisinda kullanilabilecegi sonucuna varildi. Ayrica Tlberkiiloz enfeksiyonunun tanisi icin yapilan
karsilastirmali intradermal tuiberkdlin testinde PPD aviana pozitif reaksiyon veren hayvanlarin Parattiberkiloz tanisi
icin kullanilan diger testlerle desteklenerek nonspesifik reaksiyonlarin ortaya ¢ikariimasinda ya da Paratiiberkiloz
enfekte hayvanlarin tespit edilmesinde belirleyici rol oynadigi gérildu.

Anahtar kelimeler: ELISA, IFN-y test, Mycobacterium bovis, Paratliberkiloz, Sigir

Introduction domestic and wild animals, including cattle, buffalo,
sheep, goats, badgers, pigs, deer, Australian-Amer-
ican opossums and humans (Menzies and Neill
2000; O’hagan et al. 2016). The zoonotic nature of

Bovine Tuberculosis (bTB), caused by Mycobacte-
rium bovis, is a chronic infectious disease of many
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the disease has a serious impact on human health
worldwide. In addition to the significant economic
costs caused by such diseases, the lack of accurate
estimates of the true prevalence of disease, espe-
cially in developing countries, necessitates more ef-
fective detection and control measures (Hashem et
al. 2022). Cattle are the main reservoir of bTB and
eradication programs worldwide focus primarily on
these domestic species (Mohamed 2020).

Diagnosis of the disease depends mainly on
tests that measure the cellular immune response fol-
lowing infection, culture-based bacteriological ex-
amination and molecular-based Polymerase Chain
Reaction (PCR) methods (Smith et al. 2021; Thomas
et al. 2021). None of the tests currently available for
the diagnosis of Bovine Tuberculosis allow perfect
detection of M. bovis infection in cattle. The Tuber-
culin Skin Test (TST), which has a specificity of 99.5%
in TB (Tuberculosis)-free bovine populations, is used
as the primary antemortem diagnostic tool (Eisen-
berg et al. 2016). Bovine Tuberculosis is subject to
an official eradication program based on a slaugh-
ter policy and using intradermal TST and Interferon
Gamma (IFN-y) diagnostic tests, mainly measuring
cellular immunity. Intradermal TST is recognized by
the OIE and the European Commission as the pri-
mary screening test for the diagnosis of TB in cattle
(Cakir 2021). The IFN-y test has a higher sensitivity
and is as specific as the Comparative Intradermal
Tuberculin Test (CITT), but some studies have re-
ported that the IFN-y test has lower specificity than
the CITT (Proud et al. 2015).

Paratuberculosis (PTB) or Johne's Disease is a
disease caused by Map that affects domestic and
wild ruminants worldwide. PTB is a highly conta-
gious disease characterized by a chronic progressive
granulomatous enteritis that is endemic in many
parts of the world and causes significant economic
losses in livestock and related industries (Moyano et
al. 2021). Map infection, showing a chronic diarhea
that does not respond to treatment is the specific
clinical sign of infection (Cruz-Estupinan et al. 2022).
Infection in ruminants consists of different phases
including early, subclinical and clinical phases, and
symptoms such as weakness, muscle wasting, diar-
rhea, decrease in milk yield, which do not show clini-
cal signs in the early or subclinical phase, but con-
tinue in the clinical period with the end of the sub-
clinical period (Eamens et al. 2015; Whittington et al.
2017). The primary source of the disease is clinically
sick and asymptomatic animals. The most common
route of infection is ingestion of contaminated milk,
colostrum or feces (Gilardoni et al. 2012; Lievaart-

Peterson et al. 2019). The causes of economic losses
due to PTB are mortality, early elimination of ani-
mals, increased susceptibility to other infectious
diseases, decreased milk, meat and reproductive
yields (Garcia and Shalloo 2015; Barratt et al. 2018;
Camanes et al. 2018).

The methods used in the diagnosis of PTB are
divided into two as direct and indirect. Direct diag-
nostic methods include histopathology, necropsy,
culture, bacterioscopy and PCR, while indirect diag-
nostic methods include cellular (TST and IFN-y) and
humoral (ELISA) immune response tests (Eamens et
al. 2015; Sababoglu 2019; OIE 2021). The diagno-
sis of PTB by bacterioscopy involves microscopic
examination of preparations of feces or intestinal
mucosa stained with Ziehl-Neelsen (ZN) staining.
If acid fast bacteria (AFB) are found in clusters (at
least three or more), it may be a possible diagnosis
of PTB. The skin test for Delayed Type Hypersensi-
tivity (DTH) is based on the measurement of cell-
mediated immunity. Since avian and johnin Prufiye
Protein Derivative (PPD) skin tests that reveal DTH
show similar sensitivity and specificity values, it has
been stated that one can be used instead of the
other (OIE 2021). Tests measuring IFN-y level, one
of the in vitro assays that detect cellular immune
response, have recently been used in the diagnosis
of Tuberculosis and Paratuberculosis in cattle. Since
the production of IFN-y cytokine is one of the earli-
est detectable immune responses in PTB diagnosis,
it has been stated that the IFN-y test, which detects
infected animals in the subclinical period, is the best
method among the diagnostic methods (Nielsen
2010; Vazquez 2013). ELISA (Enzim Linked Immu-
nosorbent Assay), one of the indirect diagnostic
methods of PTB infection, is frequently used and is
the main diagnostic method for determining serop-
revalence in countries with disease surveillance pro-
grams. The advantage of ELISA is its low cost, fast
results and versatility (De Lacerda Roberto 2021).
ELISA has the highest sensitivity and specificity
among available tests to detect antibodies to Map
in cattle (OIE 2021). ELISA is a serological test widely
and conveniently used to detect antibodies in milk
and serum during and after the subclinical stage of
Map infection (Radostits 2007; Garvey 2018).

The aim of this study was to determine whether
the animals were infected with PTB infection by us-
ing the methods used in the antemortem diagnosis
of bTB. In addition, it was aimed to obtain data that
will contribute to the eradication studies of Bovine
Tuberculosis by comparing the antemortem diag-
nostic methods of bTB, which is endemic in Turkiye,

Etlik Vet Mikrobiyol Derg,

https://vetkontrol.tarimorman.gov.tr/merkez

Cilt 35, Sayt 1, 2024, 8-18



10 Pir H and Yardimct H. Differentiation of bovine Tuberculosis and Paratuberculosis infections with antemortem diagnostic methods

and determining the sensitivity and specificity val-
ues of IFN-y test.

Materials and Methods

Sampled Animals

This study was carried out on 423 cattle from a total
of 5 dairy cattle farms with suspected bTB between
2021-2023 in Cankiri, Corum, Ankara, Eskisehir and

Table 1. Age and gender distribution of cattle used in the study.

Konya regions. The number of farms and animals in
the regions are as follows; Cankiri 1 farm 144 cattle,
Corum 1 farm 51 cattle, Ankara 1 farm 31 cattle,
Eskisehir 1 farm 47 cattle, Konya 1 farm 150 cattle.
The age and gender distribution of cattle are pre-
sented in Table 1. To conduct this study, ethics com-
mittee approval was taken, which was 2021-13-106
number from Ankara University Animal Experimen-
tal Local Ethics Committee.

Age (Years) Gender
Animal 0-1 1 2 3 4 25 Male Female
Number of cattle 11 76 96 65 53 122 70 353
Total 423 423

Blood and Fecal Samples

Before the cattle were subjected to PPD skin test, 8
ml of venous blood was collected from each animal
into vacuum tubes containing lithium heparin for
IFN-y test and vacuum tubes containing clotting ac-
tivator for Mycobacterium paratuberculosis antibody
test. Fecal samples were also collected from each
animal for the diagnosis of PTB. Fresh fecal samples
were collected from the rectum with plastic gloves
and transferred to sterile plastic containers. These
fecal samples from each cattle were delivered to the
laboratory at +4°C (Paolicchi et al. 2003; Borum et
al. 2014).

Tuberculin Skin Test (TST)

Avian and Bovine PPD with a protein content of 1
mg/ml (produced by Etlik Central Veterinary and
Control and Research Institute, Tirkiye) were used
in tuberculin skin test. Cattle were subjected to CITT
and the results were evaluated. This application and
evaluation of the results were performed according
to Office International Epizootica (OIE), Ministry of
Agriculture and Forestry of the Republic of Turkiye
Bovine Tuberculosis Regulations. PPD skin test was
performed by intradermal injection in the middle
third of the neck with a dose of 0.1 ml of avian PPD
on the top and bovine PPD on the bottom with a
distance of 12-13 cm between the two injections.
Skin thickness of both injection sites was recorded
72 hours later by measuring the skin thickness aga-
in with calipers. The diagnosis of bTB infection or
suspected PTB was determined by measuring and
evaluating the skinfold thickness at the site of bovi-
ne PPD and avian PPD injection (Resmi Gazete 1978;
Resmi Gazete 2009; OIE 2022).

Interferon Gamma (IFN-y) Test

Blood samples collected in lithium heparinised tu-
bes were brought to the laboratory at room tem-
perature (22+3°C) within 12 hours and whole blood
cultures were performed in 24-well cell culture pla-
tes. Blood samples from each animal were distribu-
ted into 3 wells of each animal in a 24-well tissue
culture plate. 100 pl of nil control antigen (PBS) was
added to the blood sample in the first well, 100 pl of
bovine PPD antigen was added to the blood samp-
le in the second well, 100 pl of avian PPD antigen
was added to the blood sample in the third well.
Then, the microplates were incubated at 37 °C in an
incubator with 5% CO, for 16-24 hours. Then, plas-
ma samples were harvested from the cultures and a
commercial kit (Bovigam®, Prionics AG, Australia)
was used to diagnose the cellular immune respon-
se resulting from Paratuberculosis and Tuberculosis
infection based on the elevated IFN-y levels. San-
dwich ELISA was performed according to the proto-
col reported by the manufacturer. Within 5 minutes
after the reaction was terminated, Optical Density
(OD) was measured on an ELISA reader with a 450
nm microplate photometer. Samples tested for Tu-
berculosis infection according to the kit protocol;

Negative: OD Bovine PPD - OD Nil/ Phosphate Buf-
fer Solution (PBS) antigen < 0.1 and OD Bovine PPD
— OD Avian PPD < 0.1,

Positive: OD Bovine PPD - OD Nil/ Phosphate Buf-
fer Solution (PBS) antigen > 0.1 and OD Bovine PPD
— OD Avian PPD > 0.1 evaluated according to the
criteria.

Evaluation of OD values in terms of Map infec-
tion; It was performed according to the calculation
criteria reported by Vazquez et al. (2013). Consider-
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ing this criterion, cattle were considered positive for
Paratuberculosis infection when the avian PPD OD
value of each sample was subtracted from the nil/
PBS OD value and the difference was equal to or
greater than 0.05 and the avian PPD OD value was
higher than the bovine PPD OD value (OD Avian >
OD Bovine and OD Avian - OD Nil/ PBS > 0.05).

Bacterioscopy

Approximately 40 grams of fecal samples from each
cattle were homogenized with sterile distilled water,
2 direct smear preparations were prepared from th-
ree different areas of each feces and stained with ZN
staining method for fecal bacterioscopy diagnosis.
AFB were visualized as short-thick, red-pink cocco-
bacilli on a blue background. At least 100 micros-
cope fields were scanned and the results recorded.
These results were evaluated according to the Acid
Fast Bacteria scoring (AFB scorin) criteria as indica-
ted in Table 2 (Fujiki 2001).

Table 2. Acid Fast Bacteria Scoring Criteria (AFB Scorin).

Assessment Result

No acid-fast bacteria in the microscope field Negative
1-9 acid-fast bacteria in the microscope field Suspect
10-99 acid-fast bacteria in the microscope field Positive

Mycobacterium paratuberculosis Antikor Testi

The samples taken into blood tubes containing clot-
ting activator were centrifuged at 3000 rpm for 5
minutes and after the sera were obtained in the tu-
bes, they were transferred to eppendorf tubes and
stored in a deep freezer at -20°C until the time of

testing. A commercial kit (IDEXX Paratuberculosis
Screening, France) was used for ELISA to detect an-
tibodies raised in Paratuberculosis infection. Indirect
ELISA was performed according to the protocol re-
ported by the manufacturer. OD was measured on
an ELISA reader with a 450 nm microplate photome-
ter. Results, individual sample interpretation; Samp-
le/Positive (S/P), according to the value evaluated.
S/P % = 55 % positive, 45 % < S/P % < 55 % suspect,
S/P % < 45 % evaluated as negative.

Determining the Specificity and Sensitivity of a
Diagnostic Method

The sensitivity of a diagnostic method is the positive
values obtained by this method divided by the actu-
al positive values. The specificity of a test is calcula-
ted by dividing the negative values found with this
test by the true negatives (Erganis 1993).

Results

Tuberculin Skin Test

A total of 423 cattle that performed intradermal
bovine PPD and avian PPD tests were evaluated by
measuring the skin thickening in the PPD treated
area with calipers. As a result of this evaluation, 86
(20.33%) cattle were diagnosed with Tuberculosis
due to positive results of PPD skin test, while 337
(79.67%) cattle gave negative results. Cattle found
suspicious in the first PPD skin test application were
added to the first application results by being found
negative or positive according to the results of the
second PPD skin test application performed 60 days
later (Figure 1).

Figure 1. A. Avian (A) PPD positive
reaction, B. Avian (A) PPD and Bovine
(B) PPD positive reaction.
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bTB IFN-y ELISA

According to the results of this evaluation; 84
(19.86%) out of 423 cattle were positive for Tuber-
culosis. Since CITT was also applied to the same
animals for the diagnosis of Tuberculosis, when we
compared these two diagnostic methods, 12 cattle
gave positive results to PPD skin test and negative
results to IFN-y test. On the other hand, 10 cattle
gave positive results to IFN-y test and negative re-
sults to PPD skin test (Table 3).In this study, when
IFN-y test was compared with tuberculin skin test in
cattle herds with suspected Tuberculosis; the sensi-
tivity of IFN-y test was 86% and specificity was 97%.

Table 3. IFN-y test and Intradermal Tuberculin test results.
Intradermal

Farm Number

Antibody ELISA

ELISA was performed on blood sera obtained from
423 cattle for the diagnosis of Paratuberculosis infe-
ction and according to the ELISA results: In 423 bo-
vine blood sera, 44 (10.4%) were positive, 10 (2.37%)
were suspicious and 369 (87.23%) were negative
for antibodies against Map. All 5 dairy cattle farms
sampled were positive for Paratuberculosis (Table 4).

PTB IFN-y ELISA

Out of a total of 423 cattle in 5 farms, 21 of them
were positive for IFN-y ELISA, while 402 of them
were negative. (Table 4).

Bacterioscopy

According to the results of fecal examination by ZN
staining method, 23 cattle were evaluated as posi-
tive, 19 cattle as suspicious and 381 cattle as nega-
tive, and they were scanned under a microscope at
100x objective for AFB (Table 4) (Figure 2).

Figure 2. Microscopic appearance of AFBs in fecal
samples by ZN staining method at 100x objective
(Short, red-pink, thick and intertwined coccobacilli).

of Tuberculin Test IFN-y Test
No. Animals Positive Negative Positive Negative
1 144 34 110 28 116
2 51 31 20 27 24
3 31 11 20 13 18
4 47 0 47 8 39
5 150 10 140 8 142
Total 423 86 337 84 339
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Table 4. Results of antemortem diagnosis of Map infection.

Farm No Antibody ELISA Fecal Bacterioscopy IFN-y ELISA Number of Animals
Positive Suspect Negative Positive Suspect Negative Positive Negative
% % % % % % % %
1 15 1 128 5 7 132 8 136 144
(10.42%) (0.7%)  (88.88%) (3.47%) (4.86%) (91.67%) (5.55%) (94.45%)
5 7 2 42 - 7 44 - 51 51
(13.72%) (3.93%)  (82.35%) (13.73%) (86.27%) (100%)
3 7 2 22 6 - 25 1 30 31
(22.58%) (6.45%) (70.97%) (19.35%) (80.65%)  (3.23%) (96.77%)
4 1 - 46 - - 47 3 44 47
(2.13%) (97.87%) (100%) (6.38%) (93.62%)
5 14 5 131 12 5 133 9 141 150
(9.33%) (3.33%)  (87.34%) (8%) (3.33%) (88.67%) (6%) (94%)
Total 423

Intradermal Avian PPD

As a result of this evaluation, 14 cattle were suspe-
cted for PTB infection and these animals were sub-
jected to antibody ELISA, fecal bacterioscopy and
IFN-y ELISA for PTB diagnosis (Table 5) (Figure 1).

Table 5. Results of PTB diagnostic tests of 14 cattle suspected
for Map infection.

Cattle No A';tl_ig‘;\dy Bact:fi?s'copv IFN-y ELISA
13 - - =
78 - + -
83 = + +
33 - - -
B8 - + -
B9 - + -

B18 + i =
17 + + -
31 + + =
29 - - -

K14 - - -

101 - - -

133 + + +
82 + + +

Positive (+), Negative (-), Suspect (+)

PTB Comparison of Diagnostic Methods

Among the diagnostic tests, the highest rate of
positivity in cattle was detected in antibody ELISA
(10.4%). This was followed by fecal bacterioscopy
with ZN staining (5.44%) and IFN-y ELISA (4.96%),
respectively. When evaluated as a herd (farm); anti-
body ELISA (100%) showed the highest positivity va-
lue and this rate was followed by IFN-y ELISA (80%)
and ZN staining (60%) methods, respectively. Accor-

ding to the results of antibody ELISA, fecal bacteri-
oscopy and IFN-y ELISA performed on 423 cattle in
5 dairy farms, positivity was obtained from one, two
or all three of these tests. Antibody ELISA, fecal ba-
cterioscopy and IFN-y ELISA results were positive in
27 (6.39%), 7 (1.66%) and 10 (2.36%) animals, respe-
ctively. Antibody ELISA and fecal bacterioscopy were
positive in 11 (2.6%), antibody ELISA and IFN-y ELI-
SA in 6 (1.42%), fecal bacterioscopy and IFN-y ELISA
in 5 (1.18%) animals (Table 6).

Table 6. Comparison of positive results of antemortem diag-
nostic methods of Map infection.

Farm Analysis Antibody Fe.cal IFN-y

No ELISA Bacterioscopy ELISA
Antibody ELISA 9 2 4
1  Fecal Bacteriscopy 2 1 2
IFN-y ELISA 4 2 2
Antibody ELISA 7 0 0
2  Fecal Bacterioscopy 0 0 0
IFN-y ELISA 0 0 0
Antibody ELISA 3 4 0
3 Fecal Bacterioscopy 4 2 0
IFN-y ELISA 0 0 1
Antibody ELISA 1 0 0
4 Fecal Bacterioscopy 0 0 0
IFN-y ELISA 0 0 3
Antibody ELISA 7 5 2
5 Fecal Bacterioscopy 5 4 3
IFN-y ELISA 2 3 4
Antibody ELISA 27 11 6
Total Fecal Bacterioscopy 11 7 5
IFN-y ELISA 6 5 10
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Discussion and Conclusion

In this study; IFN-y test and CITT, one of the ante-
mortem diagnostic methods of Tuberculosis infecti-
on were performed on 423 cattle in a total of 5 dairy
cattle farms with suspected Tuberculosis in Cankiri,
Gorum, Ankara, Eskisehir and Konya regions. While
84 cattle gave positive results to IFN-y test, 86 catt-
le gave positive results to CITT. The prevalences of
CITT and IFN-y test were 20.33% and 19.86%, respe-
ctively. PPD skin test was used as the gold standard
method to determine the sensitivity and specificity
of the IFN-y test, and its sensitivity and specificity
were 86% and 97%, respectively. Lahuerta-Marin et
al. (2015) reported the sensitivity and specificity of
IFN-y test to be 88-94% and 85-98%, respectively.
Sayin (2010) reported the sensitivity and specificity
values of IFN-y test to be 91.5% and 93.4%, respec-
tively. Oztiirk et al. (2010b) used PPD skin test as the
gold standard method for the diagnosis of Bovine
Tuberculosis and detected that the sensitivity and
specificity of IFN-y test were 90% and 97%, respe-
ctively. Gormley et al. (2006) reported that the sen-
sitivity value of the IFN-y test (90-93%) was higher
than the sensitivity value of the PPD skin test (70-
75%) and the specificity value of the skin test was
99.9% and the specificity value of the IFN-y test was
95%. Hashem et al. (2022) used PPD skin test as the
gold standard method for the diagnosis of Bovine
Tuberculosis in their study and reported that the
sensitivity and specificity values of IFN-y test were
98% and 71.4%, respectively. The sensitivity and
specificity values obtained from the studies were
consistent with the values in our study. When we
compared both tests, 12 cattle gave positive results
to PPD skin test and negative results to IFN-y test.
Ahir et al. (2016) and Praud et al. (2015) reported
that some animals reacted positively to CITT but
negatively to IFN-y test in their studies. Alvarez et
al. (2009) reported that IFN-y test was applied as
an auxiliary test to tuberculin tests to determine the
maximum number of infected animals in the diag-
nosis of Bovine Tuberculosis but among the possible
factors affecting the performance of tuberculosis di-
agnostic tests. Paratuberculosis, a common disease
in Spain and other European countries, may be the
cause of false positive reactions when coinfected
with Tuberculosis infection and detected that while
the sensitivity of IFN-y test was 50% in Tuberculosis
and Paratuberculosis infected herds, the sensitivity
of IFN-y test was 78% only in Tuberculosis infected
herds. Therefore, since the prevalence of Map infe-
ction in 5 farms was 100% and Map infection was

present in all farms, it was thought that the sensiti-
vity of IFN-y test may decrease.

To diagnose PTB infection, antibody ELISA,
IFN-y ELISA and fecal bacterioscopy with ZN stain-
ing were used in combination in this study. In addi-
tion, based on the CITT results used for the diagno-
sis of Tuberculosis, animals with a positive reaction
to avian PPD were considered suspicious for Paratu-
berculosis and antibody ELISA, IFN-y ELISA and fe-
cal bacterioscopy were performed on these animals.
It was observed that most of the animals that tested
positive were crossbred and pure cattle breeds with
good body condition. The chronic nature of Map
infection and the long incubation period portray a
healthy appearance for many years before infected
animals show overt symptoms of the disease, which
may explain the findings of this study (Mortier et
al. 2015). Diagnosis of PTB by direct bacterioscopy
from feces, different rates of Map scattering or reg-
ular or intermittent excretion of the agent will cause
errors in diagnosis (Nielsen and Toft 2008; Gilardoni
et al. 2012; Borum et al. 2014). Animals found ELISA
positive may or may not be Map shedders; antibod-
ies may be produced before or many years after
fecal shedding of the agent begins (Nielsen 2010).
According to the results of this study, 23 (5.44%)
animals were positive by ZN staining method in fe-
ces, 44 (10.4%) animals were positive by ELISA and
11 (2.6%) of 423 cattle were positive by antibody
ELISA and fecal bacterioscopy. The fact that the
prevalence of antibody ELISA was higher than the
prevalence of fecal bacterioscopy and that nega-
tive or suspicious cases in fecal bacterioscopy were
positive in antibody ELISA was thought to be due to
the fact that, as reported by other researchers, the
scattering of Map with feces occurs in periods and
this scattering is absent when the sample is taken
(Nielsen and Toft 2008; Nielsen 2010; Gilardoni et al.
2012; Borum et al. 2014).

Although the presence of PTB infection is
known throughout Tirkiye, the number of studies
investigating the infection and its prevalence is lim-
ited. Tatlncl et al. (2018) reported the seropreva-
lence of ELISA as 10% and herd prevalence as 46.7%
in blood serum samples obtained from a total of
859 dairy cattle older than 2 years of age, consist-
ing of Hostein-Friesian cattle breeds and showing
signs of chronic diarrhea in 15 farms in Amasya and
Samsun regions. Makav and Gokce (2013) report-
ed a seroprevalence of 3.5% by ELISA and a herd
prevalence of 41.6% in their study conducted in Kars
region. Oztiirk et al. (2010a) found a prevalence of
6.2% in a study conducted by ELISA on dairy cattle
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in Burdur region. Karatay et al. (2020) determined
the prevalence as 4.25% by antibody ELISA per-
formed on blood serum samples taken from a total
of 400 cattle from 22 dairy farms in Ardahan region.
In a study conducted by Yildirm and Civelek (2013)
in Usak region with fecal samples, ZN staining, was
applied and the prevalence was found to be 17%.
Borum et al. (2014) in a study using 305 Holstein
Fresian dairy cattle aged 4-8 years from farms in
and around Afyon region, the prevalence of Paratu-
berculosis in dairy cattle was determined as 31.8%
by ELISA in blood serum samples and 4.59% by ZN
staining in fecal samples. Knowledge of the glob-
al distribution of PTB is important for establishing
control programs. The prevalence of PTB has been
reported from different countries, mainly bovine
PTB. In a study conducted in the Boyoca region of
Colombia, Cruz-Estupinan et al. (2022) reported that
the seroprevalence of ELISA was 3.1% in blood se-
rum samples obtained from 882 cattle of different
breeds and age groups. In another study conducted
with dairy cattle in Sudan, Elmagzoub et al. (2020)
reported a seroprevalence of 6.3% by ELISA and a
herd prevalence of 18.9% and Ozsvari et al. (2020)
reported the seroprevalence as 5.5% by ELISA in a
study conducted in Hungary. Weber et al. (2009) in
the Netherlands in dairy cattle farms and AL Anbagi
and Salman (2022) in Iraq in buffalo farms reported
that the prevalence was 27% according to the re-
sults of fecal examination with ZN staining method.
In this study, the prevalence according to fecal ex-
amination results was 5.44%, while antibody ELISA
seroprevalence was 10.4% and herd prevalence was
100%. The PTB prevalence rates obtained in this
study were similar to those reported globally and
with the results obtained from studies conducted in
different regions of Tirkiye.

ELISA is more specific and sensitive in animals
over 2 years of age (Oztiirk et al. 2010a; Makav and
Gokege 2013; Borum et al. 2014). In Paratuberculo-
sis infection, although the animal may acquire the
causative agent at an early stage, it is usually not
until after 2 years of age that it is shed in the feces
and clinical signs appear. The animal goes through a
long subclinical period and slowly spreads the agent
into the environment This period is important for the
spread of the agent into the environment (Nielsen
and Toft 2008; Dieguez et al. 2009). In this study, 31
(70.46%) of the 44 cattle positive for antibody ELISA
were over 2 years of age and 13 (29.54%) were un-
der 2 years of age, and 19 (82.61%) of the 23 animals
positive for fecal bacterioscopy results were over 2
years of age and 4 (17.39%) were under 2 years of

age. The prevalence values obtained in this study
showed that the age of the animals had an effect on
the antibody ELISA and fecal bacterioscopy results.

Measuring IFN-y release is a very important di-
agnostic method for the identification of Map in-
fected animals in the early stage of infection (Stabel
et al. 2007). IFN-y production has been reported to
be one of the earliest detectable immune respons-
es in the diagnosis of PTB infection (Nielsen 2010).
Hence, it has been stated that IFN-y test is the best
option for the detection of subclinically infected
animals (Vazquez et al. 2013). However, the specific-
ity of diagnostic tests based on IFN-y values is low
for cattle under 16 months of age, and cattle identi-
fied as IFN-y positive need to be supplemented with
ELISA or additional tests detecting Map agents in
feces to assess the disease process within the in-
fected herd (Corneli et al. 2021). In Irag, AL Anbagi
and Salman (2022) reported that the prevalence was
18% according to IFN-y ELISA results in a study con-
ducted in buffalo farms. Vazquez et al. (2013) de-
tected Map in tissues by culture or real-time PCR in
36.1% of the positive cattle in their study with IFN-y
ELISA. Sababoglu conducted a study on sheep in
Burdur region of Tirkiye for the diagnosis of Map
infection by IFN-y ELISA and found positivity in 33
(22%) of 150 sheep (Sababoglu 2019). In the pres-
ent study, the criterion reported by Vazquez et al.
(2013), was used and positivity was detected in 21
(4.96%) of 423 cattle. Alvarez et al. (2009) reported
that the presence of Tuberculosis and Paratubercu-
losis infections in the same herd may decrease the
sensitivity of IFN-y ELISA by approximately 20%. It
was thought that the low prevalence of IFN-y ELISA
may be due to the fact that there were animals with
positive results for both infections in 5 farms partici-
pating in this study. In addition, out of a total of 423
cattle in 5 farms, 21 cattle were positive for IFN-y
ELISA, while 402 cattle were negative. Since none
of these 21 cattle showed clinical signs and only 5
(23.81%) cattle were found to be positive in IFN-y
ELISA and 16 (76.19%) were found to be negative
according to the results of fecal examination, these
animals were considered to be in the early or sub-
clinical stage of infection as reported by other re-
searchers (Stabel et al. 2007; Nielsen 2010; Vazquez
et al. 2013).

In a study conducted by Vural et al. (1995) in
cattle farms belonging to the General Directorate of
Agricultural Enterprises under the Ministry of Agri-
culture and Forestry in Turkiye. In their study, the re-
sults of intradermal avian PPD and bovine PPD tests
applied to 4923 cattle; 73 positive and 19 suspicious
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reactions were detected against avian, while 52
positive reactions and 6 suspicious reactions were
observed against intradermal PPD johnine applied
to cattle with avian reactions. Although there is anti-
genic similarity between avian PPD and johnin PPD
strains, it has been stated that a slight difference can
be seen according to the reactions received. There-
fore, PPD johnin was administered to animals that
reacted to avian PPD to obtain more sensitive re-
sults. In the current study, animals with positive in-
tradermal avian PPD reactions were considered sus-
picious for PTB infection and antibody ELISA, fecal
bacterioscopy and IFN-y ELISA were performed and
14 (3.31%) out of 423 cattle were suspected for PTB
infection. Of these 14 cattle, 5 (35.71%) were posi-
tive for PTB infection by antibody ELISA, 6 (42.86%)
by fecal bacterioscopy and 3 (21.43%) by IFN-y ELI-
SA. Among the 14 cattle suspected for PTB infec-
tion, while 2 (14.29%) cattle were positive for anti-
body ELISA, fecal bacterioscopy and IFN-y ELISA, 2
(14.29%) cattle were positive for antibody ELISA and
fecal bacterioscopy and 1 (7.14%) cattle was positive
for fecal bacterioscopy and IFN-y ELISA. According
to these results, in PPD bovine and PPD avian intra-
dermal tuberculin applications applied for the diag-
nosis of tuberculosis infection in tuberculosis sus-
pected farms, it was thought that animals reacting
to PPD avian may be infected with PTB or may be a
reaction caused by atypical (bird type) AFBs found
in cattle.

As a result of this study; the results of the IFN-y
test in the antemortem diagnosis of Bovine Tuber-
culosis are similar to the results of the CITT, and by
applying both tests together, more Tuberculosis in-
fected animals will be diagnosed. In a comparative
intradermal tuberculin test for the diagnosis of Tu-
berculosis infection, animals with a positive reaction
to intradermal avian PPD, supplemented by other
tests used for the diagnosis of Paratuberculosis,
seemed to play a significant role in the detection of
nonspecific reactions or in the identification of PTB
infected animals. In the diagnosis of Map infection
in cattle, more infected animals can be diagnosed
by combining different diagnostic methods.
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Abstract: At first look, the label contains details regarding the contents and properties of cat and dog foods. Label
information must be added in accordance with national and international legal requirements. The information
competence of cat and dog food labelling in Turkiye has not before been analyzed. In this study, the labelling
information for 215 chosen cat and dog foods (164 cats and 51 dogs) available in Turkiye has been analyzed through
using Turkish national feed legislative and the Federation of the European Pet Food Industry recommendations. It is
observed that all food labelling information is compliant with the Turkish feed legislation. In comparison, only 67.1%
of cat and 78% of dog diets includes the metabolizable energy value in the package. 60.8% cat foods have website's
have, whereas 81.7% dog foods have ones. It is also found that cat and dog food labels completely complied with
the Turkish legislation rules. It is obvious that, more information may be valuable for the customers. Information
about the recommended amount of food per day is unclear in numerous products, which is an area of improvement.
In future studies, the competencies of daily nutrition advice information on labels can be evaluated.

Keywords: Customer enlightenment, FEDIAF, legislation, pet food, regulation.

Tiirkiye'den secilmis kedi ve kopek mamalarinin
etiketleri lizerine kesitsel bir calisma

Ozet: Etiket bilgileri, ilk bakista evcil hayvan mamasinin icerigi ve ozelliklerine iliskin ayrintilari icerir. Etiket bilgileri
ulusal ve uluslararasi gerekliliklere uygun olarak yer almalidir. Tirkiye'de kedi ve kdpek mamalarinin etiket
bilgilerinin yeterliligi daha 6nce degerlendirilmemistir. Bu calismada, Turkiye'de satista olan secilmis 215 evcil hayvan
mamasinin (Kedi=164, Kdpek=51) etiket bilgileri, Tirk Yem Mevzuati ve Avrupa Evcil Hayvan Mamasi EndUstrisi
Federasyonu tavsiyeleri kullanilarak incelenmistir. Tum mamalarin etiket bilgilerinin Tirk yem mevzuatina uygun
oldugu tespit edilmistir. Buna karsilik, kedi mamalarinin sadece %67,1'i ve képek mamalarinin %78'i metabolize
olabilir enerji degerini ambalaj tzerinde belirtmistir. Kedi mamalarinin %60,8'i, kdpek mamalarinin ise %81,7'si
internet sitesine sahiptir. Kedi ve képek mamasi etiketlerinin Tirk yem mevzuat kurallarina tamamen uygun oldugu
tespit edilmistir. Daha fazla bilginin miusteirler icin degerli olabilecedi aciktir. Glnlik 6nerilen beslenme miktari
birkag¢ trtinde belirsizdir ve bu da iyilestiriimesi gereken bir alandir. Gelecekteki calismalarda, etiketlerdeki giinlik
beslenme dnerileri bilgilerinin yeterlilikleri degerlendirilebilir.

Anahtar kelimeler: Evcil hayvan mamasi, FEDIAF, mevzuat, musteri bilgilendirilmesi, ydnetmelik.

Introduction

Cats and dogs are becoming increasingly popular
companion animals in Turkiye. In 2023, the Feder-
ation of the European Pet Food Industry (FEDIAF)
reported 1.386.000 pet dog and 4.660.000pet cat
population in Turkiye (FEDIAF 2023). In recent years,
parallel to the increased interest in having cats and
dogs as companion animals, the cat and dog food
industry has also grown tremendously. Domestic
and imported commercial cat and dog foods are
now easily accessible in the Turkish market. In the

meantime, label information is a practical approach
to understanding whether foods on the market
meet the nutritional needs of cats and dogs. Many
caregivers must rely on these labels for information
regarding the nutritional adequacy and palatability
of the product (Case 2011).Legislation and guide-
lines accepted by various bodies in each nation gov-
ern the ingredients and labelling of the foods. For
example, in Tlrkiye, it is regulated with additional
recommendations by the Ministry of Agriculture
and Forestry (MoAF); in the USA, by the Association
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of American Feed Control Officials (AAFCO) and the
US Food and Drug Administration (FDA); and in Eu-
rope and the United Kingdom, by FEDIAF and the
Regulation of the European Parliament and Council
(EC) (EC 767/2009; FEDIAF 2019; FDA 2022; AAFCO
2023). Moreover, Turkish feed legislation has been
harmonized with the EU since 2011 (RG 2011). As
stated in Annex-1 to the “Regulation on the Plac-
ing on the Market and Use of Feeds” set forth by
the MoAF in Turkiye, “Provided that the methods
of analysis are not changed, the labels for domestic
and ornamental animal foods may contain the fol-
lowing statements: protein instead of crude protein,
fat content instead of crude oils and fats, inorganic
matter instead of crude ash” (RG 2011).

All commercial according to foods sold in Eu-
rope and the United Kingdom include a range of
information on the label in compliance with the FE-
DIAF and the implementation requirements of the
EC Regulation. According to FEDIAF recommenda-
tions, the daily intake amount should be arranged
the pet's life stage, size, and lifestyle (FEDIAF 2020).
In order to achieve this, informative label informa-
tion plays a crucial role.

A few research has focused on these labels of
cat and dog foods. In a Brazilian study, which ana-
lyzed the labels of 64 complete kibbles for dogs and
cats, all of these labels were non-compliant with at
least one of the national statutory standards. (De
Souza et al. 2013). Nonetheless, there are standards
defined at the national and international levels to
assure food safety and customer information on the
labels; however, previous studies have revealed that
compliance with the regulations was insufficient.
(De Souza et al. 2013; Gosper et al. 2016; Burdett et
al. 2018).

There is a scarcity of research on the food label-
ling in Turkiye. These food's labels sold in Tirkiye
are assumed to be accurate and easy for the con-
sumers to understand and being also in compliance
with Turkish Feed legislation and international rec-
ommendations. The purpose of this study is to de-
termine whether the labelling of selected the foods
available in the Turkish market complies with the
national regulations and the FEDIAF recommenda-
tions.

Material and Method

The study focused on the cat and dog foods manu-
factured in Tirkiye (domestic) and imported foods.
These foods were purchased from markets, veteri-
nary clinics, and pet shops in the Marmara region

between June 2023 and May 2024. A total of 215
food samples (64 cats and 51 dogs) were collected.
Product name, assigned period, flavor, segment, or-
igin (domestic-imported), website address, whether
there is a nutritional recommendation, nutrients
[crude protein (CP), crude fat (CF), crude ash (CA),
crude fiber (CFib), carbohydrate (CHD), moisture
(MOIST), metabolizable energy (ME) Kcal/Kg] data
were recorded. Then, the foods were classified as
adult, puppy, or sterile, as well as premium, mar-
ket, or pet shop food, based on their availability in
markets, pet shops, or veterinary clinics, as well as
their labeling data. Both the presence of ME infor-
mation on the website and conformity of the web-
site’s content information with the label have been
controlled. In the classification of food ingredients,
the first meat type is accepted as the primary ingre-
dient. Foods containing chicken, turkey, and duck
were classified as “poultry”; foods containing trout,
anchovy, tuna, sardine, prawns, salmon, herring, an-
chovy, and cod as “fish”; and foods containing lamb,
veal, pig, and beef as “red meat”. Descriptive statis-
tics (percentages, means, and standard deviations)
were calculated and reported using Microsoft Excel.
Differences between groups were assessed using
the Chi square test, and if necessary, the Fisher's ex-
act test was used, with a significance level of 0.05.

Results

In this study, a total of 148 dry and 16 wet cat
foods and 43 dry and 8 wet dog foods have been
examined. When the foods were classified accord-
ing to age terms, a total of 132 adult foods [61.39%
(132/215)], include 82.4% of the adult dog foods
(42/51) and 54.90% of the adult cat foods (90/164);
18.13% of the puppy foods (39/215), contains 17.6%
of the puppy foods (9/51) and 18.3% of the kitten
foods (30/164); and 26.8% of the sterilized cat foods
(44/164) have been determined. More detailed in-
formation can be found in Table 1.

All labels have complied with the mandatory
packaging and content provisions of the Turkish
regulations. The labels have contained no assertions
that can deceive or mislead consumers. While 67.1%
of cat foods (110/164) have lacked ME information
on the labels, this incidence was 78.00% for dog
foods (78/51). In line with this information, the rate
of ME value on food website addresses was 62.2%
for cat foods (102/164) and 82.4% for dog foods
(42/51) (p=0.14). More information on the period,
flavor, segment, origin, website, nutrition informa-
tion, ME on the website, CP in label, CF in label, car-
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bohydrate in label, ash in label, fiber in label, mois-
ture in label, and ME in label can be found in Table 1.

Except for one Turkish-manufactured wet dog
food, all the other food labels have included mois-
ture values. CP values have been found to be lower
than the FEDIAF suggested value in 1.90% of dog
foods (1/51), and crude fat values have been lower
than the FEDIAF suggested value in 7.8% of dog
(4/51) and 1.21% of cat (2/164) foods (Table 2-3).

When all cat and dog foods have been ana-
lyzed, it was found that 81.7% (134/164) of cat foods

and 60.8% (31/51) of dog foods have label informa-
tion on their official websites (p=0.002). In terms of
finding of nutritional information, 78.7% of cat food
(129/164), 58.8% of dog food (30/51) (p=0.05), while
79.6% of imported (82/103) and 68.8% (77/112) of
Turkish manufactured food (p=0.08) had feeding
recommendation. 37.8% of cat (62/164) and 17.6%
of dog (9/51) foods were founded to have ME infor-
mation on their websites (p=0.01), while 49.5% of
imported (51/103) and 17.9% of Turkish manufac-
tured (20/112) foods had ME information on their
websites (p<0.001).

Table 1. Characteristics of the imported and Turkish manufactured (TR) feeds included in the study.

Cat Dog
Parameters Imported TR Imported TR
n % n % n % n %
Kitten 19 213 11 14.7 3 214 6 16.2
Period Adult 43 48.3 47 62.7 11 78.6 31 83.8
Sterilized 27 30.3 17 22.7
Fish 29 326 31 413 5 35.7 13 35.1
Flavour Red meat 11 124 15 20.00 6 42.90 20 54.1
Poultry 49 55.1 29 38.7 3 214 4 10.8
Market 6 6.7 14 18.7 2 14.3 2 5.4
Segment Petshop 38 427 40 53.3 1 71 22 59.5
Premium 45 50.6 21 28.00 11 78.6 13 35.1
) Imported 74 83.1 74 98.7 7 50.00 36 97.3
Origin
TR 15 16.90 1 13 7 50.00 1 2.7
No 15 16.90 15 20.00 9 64.3 11 29.7
Website
Yes 74 83.1 60 80.00 5 357 26 70.3
No 13 14.6 22 293 8 57.1 13 35.1
Nutrition information
Yes 76 85.4 53 70.7 6 42.90 24 64.90
No 41 46.1 61 81.3 11 78.6 31 83.8
ME on the website
Yes 48 53.90 14 18.7 3 214 6 16.2
CP in label Yes 89 100 75 100 14 100 37 100
CF in label Yes 89 100 75 100 14 100 37 100
CHD in label No 89 100 75 100 14 100 37 100
Ash in label Yes 89 100 75 100 14 100 37 100
Fiber in label Yes 89 100 75 100 14 100 37 100
No 51 57.3 60 80.00 7 50.00 27 75.00
Moisture in label
Yes 38 427 15 20.00 7 50.00 9 25.00
No 50 56.2 60 80.00 9 64.3 30 833
ME in label
Yes 39 438 15 20.00 5 35.7 6 16.7

Abbreviations: ME: metabolizable energy, CP: crude protein, CF: crude fat, CHD: carbohydrate
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Table 2. Nutritional label information of the imported and Turkish manufactured (TR) dry feeds included in the study.

Cat Dog

Parameter Imported TR Imported TR

Mean SD Mean SD Mean SD Mean SD
Crude Protein (%) 36.69 4.95 32.45 3.96 23.54 8.48 24.61 4.61
Crude Fat (%) 15.41 4.01 13.69 3.39 13.51 5.34 12.58 3.55
Carbohydrate (%) 28.87 7.10 34.97 6.35 34.69 14.98 4295 7.53
Crude Ash (%) 7.73 1.06 7.86 1.50 6.34 2.28 8.07 0.94
Crude Fiber (%) 3.68 2.20 3.23 0.97 2.99 1.64 343 0.88
Moisture (%) 7.93 1.13 7.92 0.40 18.93 28.04 8.36 0.76
ME (kcal/1000g) 3870.20 285.57 3984.27 170.67 2786.00 1736.54 3838.83 214.17

Abbreviations: SD: standard deviation, kcal: kilocalories, g: gram

Table 3. Nutritional label information of the imported and Turkish manufactured (TR) wet feeds included in the study.

Cat Dog

Parameter Imported TR Imported TR
Mean SD Mean Mean SD Mean

Crude Protein (%) 11.56 1.88 18.00 9.03 1.91 7.00
Crude Fat (%) 3.13 1.47 1.90 5.23 2.20 3.00
Carbohydrate (%) 1.86 0.67 1.10 3.47 1.35 4.60
Crude Ash (%) 1.86 0.68 1.70 2.83 042 3.0
Crude Fiber (%) 0.40 0.27 0.30 0.30 0.17 0.40
Moisture (%) 81.19 2.91 77.00 79.14 2.73 82.0
ME kcal/1000g 1121.00 1140.00 849

Abbreviations: SD: standard deviation, kcal: kilocalories, g: gram

Table 4. The study’s food labels were evaluated in accordance with Turkish feed standards and FEDIAF recommendation

Article No. A: MoAF (RG 2011)

Sl B: FEDIAF (FEDIAF 2019) HETESIERE
Mandatory specific labeling

Label information is presented clearly, A. 28155 RG/2011Section four Article 13 (1) (2) 100% of cat and

visibly, and indelible. B. R. 767/2009, Article 14. 1) 2) dog foods.

i. A. 28155 RG/2011 Section Four Article 16 (1) a) b)

B. R. 767/2009, Art. 17.1(a), R. 767/2009 Annex I, Article 3b
ii. A. 28155 RG/2011 Section Four Article 16 (1) ¢) (1-2-3)

B. R. 767/2009, Art. 17. 1(d), Annex 11.2 R. 178/2002, Art. 15 (2)
iii. A. 28155 RG/2011 Section Four Article 14 (1) ¢) ¢)

B. R. 767/2009, Art. 15 (d) section 4, Art. 3. (2) (r), Art. 15 (c),
Art. 24, Annex V.2

iv. A. 28155 RG/2011 Section Four Article 14 (1) d)

B. R. 767/2009, Art. 15 (e)

v. A. 28155 RG/2011 Section Four Article 14 (1) b)

B. R. 767/2009, Article. 15 (b)

vi. A. 28155 RG/2011 Section Four Article 18 (1)

B. R. 767/2009, Art. 19 (a) (b), Annex VI, |, 6

i. Food'’s intended function and target
species

ii. Shortest storage life

iii. Approval, batch, or serial numbers
iv. Net weight or volume

v. Name and address of food operator
vi. Contact phone number for further
information

100% of cat and
dog foods.
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i. Declaration of analytical components
ii. The name and weight percentage of
the highlighted food ingredient.

iii. Food ingredients, with their exact
names in descending order of weight.

i. A. 28155 RG/2011 Annex-7 Section Two 1)

B. R. 767/2009, Annex I.5 (Synonyms)

ii. A. 28155 RG/2011 Section Four Article 16 d) 1)
B. R. 767/2009, Art. 17.2 (a).

iii. A. 28155 RG/2011 Section Four Article 16 3) d)
B.R. 767/2009, Art. 17.1(e)

100% of cat and
dog foods.

FEDIAF recommendations

General labeling rules-

Cat food 78.8%

. . (129/164)
Sjtr;iet:zlnlz;%?gg}%;zles and daily B. R. 767/2009, Annex Il 4. Dog food 58.8%
) (30/51)
Cat food 32.3%
Technical conditions- A. 28155 RG/2011 Annex-1 6. (53/164)
include moisture content declaration. B. R. 767/2009, Art. 15 (g) & Annex |.6 Dog food 32.0%
(16/51)
Cat food %32.9
Labeling of nutrient components- A. 28155 RG/2011 Annex-7 Section Two 3) (54/164)
energy and protein values declaration B. R. 767/2009, Annex VII.II.3 CEN standard 16967:2017 Dog food %22
(11/51)
Feed additive-
Declaration for feed additives, including A. 28155 RG/2011 Annex 6 Section Two 2) %100 of cat and
amino acids, vitamins, and trace B. R. 767/2009, Annex VIL.I. Final section dog foods.

minerals.

Abbreviations: R: Regulation, Art: article, CEN: European Committee for Standardization

Discussion

The nutritional adequacy of the food is vital for
the companion animal lives. Labelling is one of the
most significant aspects of understanding the food
specifications. Because there has been no previ-
ous research on cat and dog food labelling rules in
Turkiye, the findings of this study are intended to
shed light on the current state of labels. In a prior
Brazilian study, 12.5% of the label information was
not viewable because it was in different positions of
the packaging (De Souza et al. 2013). On the other
hand, a similar study was previously conducted for
human food packages in Turkiye. Dikmen and Pe-
kcan (2013) founded that 13% of the human food
packages had no label information. In this study all
packages have visible labels. Label information must
be visible and legible in order to provide customers
with accurate information.

In the aforementioned investigation, 12.5% of
the labels (8/64) were misclassified based on the
type of foods required by the Brazilian Feed legis-
lation (De Souza et al. 2013). In this investigation,
all foods were accurately classified according to the
Turkish legislation. Providing the right type of food
is critical for the pet's appropriate and balanced
nourishment. Storage conditions and consumption
time are important for the safe consumption of the
food. De Souza et al. (2013) reported in his study
that all of the labels contained storage conditions,

but in 17% of the samples, the storage period was
not given in exact dates, but they provided as the
consumption period. In this study, it was found that
the storage conditions and expiration dates of all
foods were in accordance with the regulation and
FEDIAF guidelines.

The rate of ME values on the labels and website
of both cat and dog foods is below 40%. It is thought
that the most important reason for this may be that
the declaration of ME value on the label is optional
in national and international feed regulations and
guidelines. However, it has been stated that to have
ME information on the label plays a critical role in
understanding calorie information and influencing
cat and dog foods purchasing decisions (Schleicher
et al. 2019).

There is no obligation for food companies to
have a website. Previous studies did not evaluate
the website information on the package. Therefore,
it is not possible to compare this study’s website in-
formation findings to the previous studies. However
necessary information that is not on the labels can
be published on the websites and quickly accessed
via QR codes. It is thought that this is a feature that
can be easily added to the packages by the feed
manufacturers.

Very few studies has only reviewed the confor-
mity of cat and dog food label information with leg-
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islation (De Souza et al. 2013; Holda et al. 2014). Fur-
thermore, there are certain studies where chemical
analyses were performed and the results and label
information compliance were reviewed with AAFCO,
FEDIAF, and NRC recommendations (Carciofi et al.
2006; Akinrinmade and Akinrinde 2011; Gosper et
al. 2016; Davies et al. 2017; Burdett et al. 2018; Ster-
cova et al. 2022). Both studies indicated the neces-
sity for a revision and audit of the label regulation of
cat and dog foods.

De Souza et al. (2013) founded that 47% of the
food had false words and graphics on the benefits
of food or animal health confidence. Holda et al.
(2014) examined the label compliance of feeds be-
fore (2011) and after (2013) the EU legislation came
into force. It was reported that the rate of misinfor-
mation on food in 2013 decreased, but the rate of
misleading information remained the same for dog
food, while the rate for cat food increased from 22%
to 29% and the assessment of the compliance of la-
bel information with the EU regulations revealed an
unsatisfactory level of accuracy (Holda et al. 2014).
In this study, no food labels were found to contain
false information. Misleading labels might lead to
misconceptions among owners. All feed packages
have contained a clear and legible description of the
mandatory labelling information in this study. In the
study by De Souza et al. (2013) 37.5% of the food
(17/64) did not meet this criteria.

The low moisture content of dry cat and dog
foods is important as it inhibits the growth of most
organisms (Case 2011). All dry foods with a moisture
value above 7% in our study have a moisture value
on the label in accordance with the relevant regula-
tion. In one dog wet food did not have a moisture
value on the label. It would be suggested to have
moisture value in all foods.

In this study, it was observed that CP in one adult
imported dry, in four adult domestic dog foods, and
CF in one imported kitten and one domestic adult
cat food to be below the recommended minimum
reference value of FEDIAF (2020). Previously, Sterco-
va et al. (2022) reported one dry dog food with a CP
value below the FEDIAF minimum reference values.

Ingredients were determined to be insuffi-
ciently detailed. Few foods have detailed ingredient
lists. Olivry and Muller (2018) found that mislabel-
ing was extremely common in “limited” ingredi-
ent foods used in elimination diets for food allergy
detection, which would be a challenge for animals
on elimination diets. More detailed information is

recommended, particularly for prescription foods.
It is believed that presenting information in com-
pliance with both Turkish and international norms
will boost the worldwide competitiveness of Turkish
feed products in the international level. Similarly, it
is accepted that updating the current cat and dog
food labelling system is important for the expan-
sion of the cat and dog food sector in South Korea
(Sung-Ho and So-Young 2023).

This study has some limitations. The study was
conducted at a certain period and products. The re-
sults may not be representative of the entire Turkish
market.

Conclusion

All cat and dog foods assessed met Turkish regula-
tions. In addition, adhering to FEDIAF recommen-
dations can boost Turkish feed producers’ world-
wide competitiveness. Consumers should be well-
informed about the labelling of cat and dog foods.
ME levels may be further investigated in future
studies, as well as daily feeding recommendations.
Stakeholders undertaking feed production research
and legal authorities should provide good labelling
practice guidelines for Turkish pet food manufactur-
ers.
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Abstract: The effect of cultures used in yogurt production on PAHs was investigated. PAH-free milk divided into
4 groups; (1) traditional village yogurt culture, (2) culture used with commercial yogurt, (3) combination culture of
Lactobacillus delbrueckki ssp. bulgaricus, L. acidophilus, Streptococcus thermophilus, Bifidobacterium animalis ssp.
lactis, B. infantis M-63, B. bifidum BGN4 and GOS, (4) combination of L. delbrueckki ssp. bulgaricus, L. acidophilus,
B. lactis and S. thermophilus. Each group was divided into 4 subgroup and first group was kept as control while
the other groups were treated with 50, 100, 200 ug kg™ of a mixture 4 PAH [Benzo(a)pyrene, chrysene, benzo(b)
fluoranthene, benzo(a)anthracene] respectively. Whereas the highest reduction was seen in 3rd group at 200 pg kg™
with 21.7%, the lowest was seen in the 1st group at 200 pg kg™ with 8.05%. It was concluded that yogurt cultures
can inhibit PAHs in milk at a very low level and cannot completely degrade them.

Keywords: inhibition, polycyclic aromatic hydrocarbons, milk, yogurt

Polisiklik aromatik hidrokarbonlara yogurt kiiltiirlerinin etkileri

Ozet: Yogurt iretiminde kullanilan kiiltirlerin PAH'lar (izerindeki etkisi arastirildi. PAH icermeyen siitler 4 gruba
ayrildi; (1) geleneksel kdy yogurdu kaltird, (2) ticari yogurt kullanilan kaltar, (3) Lactobacillus delbrueckki ssp.
bulgaricus, L. acidophilus, Streptococcus thermophilus, Bifidobacterium animalis ssp. lactis, B. infantis M-63, B. bifidum
BGN4 ve GOS, (4) L. delbrueckki ssp. bulgaricus, L. acidophilus, B. lactis ve S. thermophilus kombinasyonu. Her grup
4 alt gruba ayrildi ve ilk grup kontrol olarak tutulurken, diger gruplar sirasiyla 50, 100, 200 pg kg™ 4 PAH [Benzo(a)
piren, krizen, benzo(b)floranten, benzo(a)antrasen] karisimi ile muamele edildi. En yiiksek azalma %21.7 ile 3. grupta
200 pg kg''da gordlurken, en disiik azalma %8.05 ile 1. grupta 200 ug kg"'da gorildu. Yogurt kilturlerinin sutteki

PAH’lan cok disuk diizeyde inhibe edebildigi ve tamamen pargalayamadidi sonucuna varildi.

Anahtar kelimeler: inhibisyon, polisiklik aromatik hidrokarbonlar, siit, yogurt

Introduction

Although human life has become easier with the de-
velopment of industrialization, environmental prob-
lems have also started to emerge. People can be ex-
posed to substances harmful to health by breathing
contaminated air or consuming contaminated water
and food. The most common group of environmen-
tal pollutants are polycyclic aromatic hydrocarbons
(PAHSs). PAHs are hydrophobic organic compounds
consisting of 2 or more benzene rings, and are pro-
duced by defective combustion of organic com-
pounds of natural or anthropogenic origin. Most
PAHs, which are endocrine disrupting compounds,
have mutagenic, carcinogenic and genotoxic prop-
erties (Shoaei et al., 2023).

Human exposure to environmental pollutants
such as PAHSs is mostly through food consumption

(Jafarabadi et al., 2020). PAH compounds are found
in air, water, soil, and can contaminate food dur-
ing processing and cooking. Humans can get PAHs
mainly from overconsumption of meat cooked over
an open fire and also from cereals and vegetables.
It has been shown that PAHs can be formed from
food, especially when meat and fish are cooked over
an open fire (Shoaei et al,, 2023).

The function of milk, one of the most important
human foods, is to maintain immunity. Milk from
animals is used for human consumption in various
parts of the world. Most of the major components
of milk are proteins, lactose, fat and minerals (Pinot-
ti et al., 2020). Since PAHs have a lipophilic structure,
they can accumulate in the food chain, especially in
foods with higher fat content. Animal-derived foods
such as milk and dairy products can be major sourc-
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es of PAHs (Amirdivani et al., 2019). Pollution of milk
with PAHs depends on environmental factors such
as the origin of exposure, lactation period of the
animal, animal health, and reproductive system. It
has been shown that PAHs can be detected in milk
of milking animals if they consume feed containing
PAHs (Chay Rincon et al., 2019). In a study from Ita-
ly, 8 PAH compounds were found in raw milk, pas-
teurized milk, half-fat, and whole sterile milk. Total
PAH concentration in milk was determined as 5.428
ng/g in raw milk, 5.941 ng/g in semi-skimmed ster-
ile milk, 6.519 ng/g in pasteurized milk and 7.753
ng/g in whole sterile milk (Naccari et al., 2011). Ac-
cording to the European Union and Turkish Food
Codex, the maximum residue limit for infant milk
and follow-on milk was determined as 1 ug kg for
benzo(a)pyrene and the sum of 4 PAHs (benzo(a)
pyrene, benzo(a)anthracene, benzo(b)fluoranthene
and chrysene) separately (Commission Regulation
2011; Turkish Food Codex 2011). Thus, different
physical, chemical and biological methods are being
evolved to eliminate or reduce PAHs in foodstuffs
to acceptable levels. The most remarkable method
is the biodegradation/bioreduction of PAHs using
microorganisms such as probiotics and lactic acid
bacteria (Chiocchetti et al. 2019; Yousefi et al. 2019;
Shoukat 2020; Cuevas-Gonzalez et al. 2022; Yousefi
et al. 2022).

Yogurt obtained from milk is rich in protein,
minerals, and vitamins and is one of the best-known
probiotic-containing foods (Pop et al. 2022). Ac-
cording to the Turkish Food Codex (2022), yogurt
is a fermented milk product in which Streptococcus
thermophilus and Lactobacillus delbrueckii subsp.
bulgaricus, which are starter cultures specific to the
fermentation of yogurt, are used together, which is
mixed with its clot after incubation and obtained
in unbroken or broken form and which contains a
sufficient amount of live and active starter bacteria
at the last consumption date. Streptococcus ther-
mophilus and Lactobacillus delbrueckii subsp. bul-
garicus are two lactic acid bacteria traditionally used
to produce yogurt from milk by converting glucose
into pyruvic acid and then lactic acid (Battisti et al.,
2015). A study conducted in Turkey showed that
PAH residues were found in yogurts (Kagmaz 2019).
However, there is very limited research on this sub-
ject.

In one study, it was reported that there was a
slight decrease in the concentration of PAHs dur-
ing yogurt making by yogurt cultures (Streptococcus
thermophilus and Lactobacillus bulgaricus) and that
PAHSs could be removed by this method. Although it

was stated that LABs may be affected by PAHs at the
beginning of yogurt incubation, microorganisms
quickly adapt to the presence of such PAHs and can
continue their growth (Abou-Arab et al. 2010). An-
other study was notified that LAB strains can bind
to carcinogenic compounds such as PAHs that are
commonly formed in foods and reduce their con-
centrations in foods. Thus, it was stated that the
antimutagenic activity of probiotics may also be ef-
fective in PAH compounds (Sevim and Kizil 2019).
Thus, we aimed to investigate whether PAH4 would
be degraded using commonly used yogurt cultures.

Materials and Methods

Reagents

All solvents used in the study were HPLC pure. PAH
analytical standards [benzo(a)pyrene, benzo(a)
anthracene, benzo(a)anthracene, benzo(b)fluor-
anthene and chrysene] were >95% pure and pur-
chased from Dr. Ehrenstorfer (Augsburg, Germany).
Anhydrous magnesium sulfate (MgSO4), acetoni-
trile and n-hexane were obtained from Sigma Al-
drich (Steinheim, Germany) and primary-secondary
amine (PSA) and C18 SPE adsorbents were obtained
from Agilent (Santa Clara, USA). Stock standard so-
lutions and internal standard were dissolved in ace-
tonitrile and stored at -20°C. A glass Pasteur pipette
for SPE was prepared with 0.5 g C18, 0.5 g PSA and
0.1 MgSO4.

Yogurt cultures

Four different cultures were used to make yogurt.
The first one was the yogurt culture traditionally
used in villages, the culture taken from yogurt made
by large companies and sold ready-made, and 2
cultures whose content is known and sold only as
yogurt cultures. One of them contained Lactoba-
cillus delbrueckki subsp. bulgaricus, Lactobacillus
acidophilus, Streptococcus thermophilus, Bifidobac-
terium animalis ssp. lactis, Bifidobacterium infantis
M-63, Bifidobacterium bifidum BGN4 and Galacto-
oligosaccharide (GOS). The other contained Lac-
tobacillus delbrueckki ssp. bulgaricus, Lactobacillus
acidophilus, Bifidobacterium lactics and Streptococ-
cus thermophilus. The content of the first two is un-
known.

Trial plan

For the experimental studies, 4 groups of yogurts
were used. The first group was traditional village
yeast, the second group was yeast used in commer-
cial yogurts and the other 2 groups were yogurt cul-

Etlik Vet Mikrobiyol Derg,

https://vetkontrol.tarimorman.gov.tr/merkez

Cilt 35, Sayt 1, 2024, 26-33



28

Yiiksel-Ciirtik S et al. Yogurt cultures and PAHs

tures with known ingredients. Each group of yogurts
was divided into 4 subgroups, one of which was the
control group, and each of them received equiva-

Table 1. Trial plan and yogurt groups

lent amounts of 50, 100 and 200 ug kg™' PAHs from
4 PAH compounds (Table 1).

Added PAH concentration (ug kg™)

Sir;':'t'/Ps Benzo(a)pyrene Benzo(a)anthracene Benzo(b)fluoranthene Chrysene Total PAH
1a No No No No No
1b 125 12.5 12.5 125 50
1c 25 25 25 25 100
1d 50 50 50 50 200
2a No No No No No
2b 125 12.5 12.5 125 50
2c 25 25 25 25 100
2d 50 50 50 50 200
3a No No No No No
3b 125 12.5 12.5 125 50
3c 25 25 25 25 100
3d 50 50 50 50 200
4a No No No No No
4b 12.5 12.5 12.5 125 50
4c 25 25 25 25 100
4d 50 50 50 50 200

Freshly milked and analyzed PAH-free raw cow
milk was used for yogurt. The yogurts were made
using the traditional yogurt making method. Before
yogurt making, the pH of the milk was measured
by pH meter (HI981034, Hanna, USA), dry matter
by refractometer (Loyka, Turkey) and acidity by ac-
idometer. Then 1200 mL of raw cow milk was added
to 4 separate pots for yogurt making. To the milk
samples in 3 pots, 25, 50, 100 pL of the solution
prepared with equivalent amounts of 4 PAH com-
pounds (each PAH compound was prepared at a
concentration of 600 pg L") were added and mixed
and kept for 30 mins to ensure homogeneous distri-
bution. PAHs were not added to one pot. While the
milk was boiling, its temperature was continuously
measured with a thermometer and it was allowed to
drop to 40-45 °C after boiling. The milk in each pot
was divided into 4 equal parts (approximately 300
ml) and divided into 4 different jars and 4 different
starter cultures (traditional yogurt culture, commer-
cial yogurt culture and 2 yogurt cultures with known
content) were added to each sample and mixed.

Thus, a total of 16 jars of samples were prepared.
These yogurts were stored at room temperature
(+24°C) for 24 hours.

Analysis of polycyclic aromatic hydrocarbons

PAH analyses in yogurt samples were performed by
Gas Chromatography-Mass Spectrometry (GC-MS).
For the extraction of yogurts, the method previous-
ly developed in the Pharmacology and Toxicology
laboratory of the Faculty of Veterinary Medicine,
Ankara University was modified, validated, and used
(Kuzukiran et al., 2021).

Results

The pH value of cow’s milk was determined as 6.68
with a pH meter. Thus, it was seen that the milk used
was fresh and recently milked. The soluble dry mat-
ter (brix) value of milk was determined as 10% by
refractometer. Acidity determination was calculated
in terms of lactic acid and found to be 0.153%. Thus,
it was determined that the microbial content of milk
was low.
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In the method validation study, correlation co-
efficients (r2) were between 0.993-0.997, LOD values
for all analytes were 0.11-0.15 pg kg™ and LOQ val-
ues were 0.33-0.45 ug kg™'. The RSD% values calcu-
lated for intermediate precision and reproducibility

were all <10% and the mean retrieval was in the
range of 90% to 97% (Table 2). Thus, the analytical
method used was found to be able to measure PAH
compounds in yogurt at very low levels and was
considered enough to achieve the aims of the study.

Table 2. Validation data of target polycyclic aromatic hydrocarbons in yogurts

Intermediate

PAH compound Lineari'ty Corre'lation LOD LOQ_ Mean . Repeata:)ility precision
(ug kg') coefficient (r?) (ug kg-') (ug kg') Recovery (%) (RSD%) (RSD%)
Benzo(a)anthracene 1-100 0.994 0.11 0.33 97.0+6.3 8.3 7.6
Chrysene 1-100 0.993 0.12 0.36 93.0£6.7 2.1 3.2
Benzo(b)fluoranthene 1-100 0.996 0.15 0.45 90.5+7.2 6.7 4.8
Benzo(a)pyrene 1-100 0.997 0.12 0.36 91.2+7.2 9.9 3.6

LOD: Limit of detection, LOQ: Limit of measurement, RSD: Relative standard deviation

The changes in PAH concentrations measured
before and after yogurt making are shown in Table
3. It is seen that the PAH concentrations added to
milk in all groups were degraded after contact with
yogurt culture.

The reduction rates of benzo(a)pyrene, benzo(a)
anthracene, benzo(b)fluoranthene and chrysene at
concentrations of 12.5, 25 and 50 pg kg™ in yogurts
made with traditional village yogurt culture (group
1) are shown in Figure 1. It is seen that there is a
decrease in all concentration ratios compared to the
beginning. The highest decrease was seen in chry-

sene at 50 pg/kg concentration with 12.60% and the
lowest decrease was seen in benzo(a)pyrene at the
same concentration with 3.12%.

PAH degradation rates in yogurts made with
different cultures after adding 50, 100 and 200 ug
kg™ PAHs to milk are shown in Figure 2. The total re-
duction was highest in group 3 (containing probiot-
ics and prebiotics) at a concentration of 200 pg kg™
with 21.7%. The lowest total degradation rate was in
group 1 (traditional yogurt culture) at a concentra-
tion of 200 ug kg™ with 8.05%.

Figure 1. Yogurts made with traditional yogurt culture (group 1). Degradation levels of PAHs in yogurts

made after adding 12.5, 25, 50 pg kg™ PAHs to milk.
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Figure 2. PAH degradation rates in yogurts made with different cultures after adding 50, 100 and 200 ug

kg™ PAH to milk.

The PAH concentrations measured in yogurts
made after adding 12.5 ug kg of each PAH com-
pound to the milk are shown in Figure 3. The high-
est decrease in benzo(a)pyrene compound was in
group 3 (containing probiotics and prebiotics), while
the lowest decrease was in group 1 (yogurt made
with traditional village yogurt culture). Similar to
benzo(a)anthracene and chrysene, benzo(a)pyrene
showed the highest and lowest decreases in the
same groups. The highest decrease in benzo(b)flu-

oranthene was observed in group 3, while the low-
est decrease was observed in group 2 (yogurt made
with culture obtained from commercial yogurts).

The concentrations of PAH compounds added
to milk at concentrations of 50, 100 and 200 ug kg™’
are shown in Figure 4. In these three concentrations,
the highest decline was detected in group 3 (includ-
ing probiotics and prebiotics) and the lowest de-
cline was detected in group 1 (made with traditional
village yogurt culture).

Figure 3. PAH concentrations measured in yogurts made after adding 12.5 ug kg™ PAH to milk.
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Table 3. PAH concentrations measured before and after yogurt making

Initial 1.Group 2.Group 3.Group 4. Group
PAH compound cor(‘:;“;;f)ion Concentration Reduction Concentration Reduction Concentration Reduction Concentration Reduction
(ng kg™) (%) (ng kg™) (%) (Hg kg™) (%) (ng kg™) (%)
Benzo(a)pyrene 11.98 10.71 10.6 10.68 10.85 9.55 20.28 10.15 15.27
Benzo(a)anthracene 12.40 11.14 10.16 11.01 11.21 10.58 14.68 10.86 12.42
Benzo(b)fluoranthene 12.21 10.85 11.14 10.96 10.24 9.87 19.16 10.01 18.02
Chrysene 12.45 10.95 12.05 10.89 12.53 9.85 20.88 9.90 20.48
Total 49.04 43.65 10.99 43.54 11.21 39.85 18.74 40.92 16.56
Benzo(a)pyrene 24.82 22.46 9.51 22.10 10.96 20.85 15.99 21.56 13.13
Benzo(a)anthracene 23.87 21.13 11.48 21.57 9.63 19.89 16.67 20.42 14.45
Benzo(b)fluoranthene 23.61 20.65 12.54 20.31 13.98 19.89 15.76 20.01 15.25
Chrysene 22.59 19.98 11.55 19.87 12.04 18.93 16.20 19.05 15.67
Total 94.89 84.22 11.24 83.85 11.63 79.56 16.15 81.04 14.60
Benzo(a)pyrene 46.82 45.36 3.12 44.98 3.93 36.75 21.51 37.85 19.16
Benzo(a)anthracene 49.25 44.89 8.85 43.96 10.74 39.45 19.92 41.28 16.18
Benzo(b)fluoranthene 45.98 41.65 9.42 42.89 6.72 36.94 19.66 38.35 16.59
Chrysene 47.85 41.82 12.60 40.78 14.77 35.56 25.68 36.49 23.74
Total 189.9 173.72 8.05 172.61 9.10 148.70 21.70 153.97 18.92

Group 1: Yogurt made with village culture, Group 2: Yogurt made with commercial yogurt culture, Group 3: Yogurt prepared with
Lactobacillus delbrueckki ssp. bulgaricus, Lactobacillus acidophilus, Streptococcus thermophilus, Bifidobacterium animalis ssp. lactis,
Bifidobacterium infantis M-63, Bifidobacterium bifidum BGN4 and Galacto-oligosaccharide (GOS), Group 4: Yogurt prepared with Lac-
tobacillus delbrueckki ssp. bulgaricus, Lactobacillus acidophilus, Bifidobacterium lactis and Streptococcus thermophilus

Figure 4. Concentrations of PAH compounds added to milk at concentrations of 50, 100 and 200 pg kg™
measured in yogurts made with different yogurt cultures
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Discussion and Conclusion

The pH value of milk gives a lot of information about
product yield and quality. The pH value of freshly
milked cow's milk should be between 6.6 and 6.8,
but there may be deviations from this value. If the
pH is lower than 6.5, it is suspected to be colostrum
because colostrum milk has a lower pH than normal
milk and it is stated that this value is 6. At the end
of the lactation process, the pH value of milk gener-
ally increases slightly. If the pH is higher than 6.8,
mastitis or the addition of a neutralizing agent to
the milk is suspected. In milk with mastitis, pH can
increase and reach up to 7.5 (Barone et al,, 2021).
Thus, it was seen that the milk used was fresh and
recently milked.

With the refractometer, water addition tricks,
dry matter of skim milk, lactose content of milk
serum, iodine number and refractive index of milk
fat can be determined. The value read by the re-
fractometer is the non-fat dry matter value (AOAC,
1990). According to the Turkish Food Codex com-
muniqué on drinking milks (2019), the fat-free dry
matter for cow's milk is reported to be at least 8%.
If the fat-free dry matter value is lower than 8%, it is
an indication that water is added to the milk (Gai et
al. 2021). Since the brix value of the milk was read
as 10% by refractometer, it was understood that it
complied with the Turkish Food Codex.

The acidity of milk gives information about
whether it is fresh or normal. An acidity of more
than 0.2% in terms of lactic acid indicates that mi-
crobial growth is high and thus the quality of raw
milk is insufficient. The variability of lactic acid val-
ues in milk can be caused by the lactation process,
diseases such as foot and mouth disease, mastitis,
smallpox and mammary tuberculosis, and the addi-
tion of neutralizing agents to milk (Gai et al. 2021).
According to the Turkish Food Codex communiqué
on drinking milk (2019), the acidity value in cow's
milk should be 0.135-0.2%. Thus, it was determined
that the microbial content of milk was low.

According to Table 1, in all four figures drawn,
the degradation of PAHs was highest in the 3rd
group. However, the 3rd group (including probi-
otics and prebiotics) and the 4th group (including
probiotics) were close to each other and degraded
PAHs more than the other groups. The reason why
these two groups degrade PAHs more than the oth-
er groups is thought to be because they have more
cultured bacteria than the other groups, especially
the prebiotic in Group 3. Group 3, unlike group 4,
contained Bifidobacterium infantis M-63, Bifidobac-

terium bifidum BGN4, and GOS as prebiotic in yo-
gurt culture. As it is known, prebiotics support the
growth of probiotic bacteria as well as their positive
effects on the human health (Ballini et al., 2023). Ac-
cording to these findings, it is estimated that the
reason why the 3rd group biodegrades PAHs more
than the 4th group is due to the prebiotics in yogurt
cultures.

In one study, it was shown that at the end of
72 hours of incubation in the presence of lactic acid
bacteria, PAHs could be degraded by 46.6%-91.5%,
but the same microorganisms could biodegrade
PAHs by 3.46% during yogurt making. According
to the authors, the low levels of PAHs degradation
by yogurt cultures may be due to the protein af-
finity and/or adsorption ability of these compounds
on the fat globule. Furthermore, the bacterial cell
is a high-protein material and therefore can adsorb
PAHs that may interfere with cellular metabolism
(Abou-Arab et al, 2010). Although one study re-
ported that LAB bacteria reduced the concentra-
tion of aflatoxins during yogurt making (Wochner
et al.,, 2019), another study reported that LAB bac-
teria reduced the binding ability of aflatoxins in the
presence of milk (Tajik et al., 2020). Accordingly, it
should be stated that micronutrients in milk may
have a protective effect on PAHs and also that the
persistence of PAHs depends on various factors
such as the type of bacteria, interaction between
bacteria, bacterial concentration, bacteria composi-
tion of the medium and bacterial growth conditions
such as heat and pH.

In the study, it was investigated that four dif-
ferent yogurt cultures can inhibit PAH4 (benzo(a)
pyrene, benzo(a)anthracene, benzo(b)fluoranthene
and chrysene) compounds in milk. When the total
reduction data were examined according to 4 PAH
concentrations according to the analyses performed
in two replicates; the highest reduction was seen in
the 3rd group (containing probiotic and prebiotic)
at 200 pg kg with 21.7% and the lowest was seen
in the 1st group (made with culture obtained from
traditional village yogurt) at 200 pg/kg with 8.05%.
In 3 groups, the reason why the decrease data were
higher than the other groups are thought to be
due to the probiotic and prebiotic microorganisms
in yogurt cultures. Thus, it was concluded that the
yogurt cultures used can inhibit the PAHs in milk
at a very low level and cannot completely degrade
them. It was concluded that PAHs should be below
the maximum residue limits in the milk used for
yogurt making and PAH residue analysis should be
performed in milk.
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In vivo anthelmintic effect of Artemisia annua
L. on oxyurid nematodes of laboratory mice
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Abstract: Oxyurids, common intestinal parasites, pose a recurrent health risk, particularly among children. Seeking
natural and repeatable cures, this study explored the antinematodal effects of Artemisia annua L. n-hexane extract
on oxyurids in vivo. The extract was orally administered to mice naturally infected with Syphacia obvelata and
Aspiculuris tetraptera at doses of 300, 600, and 1200 mg/kg for seven days. Changes in oxyurid egg numbers were
assessed through fecal flotation. On the 8t day, nematodes were compared across groups in necropsy for number,
gender, and species.

As a positive control, Albendazole (ABZ) was administered at 5 mg/kg for three days, with corn ail serving as the
solvent control. Fecal flotation revealed a 43.51% decrease in oxyurid egg counts in the ABZ group and a 21.12%
increase in the A. annua 1200 mg/kg group on the last day of application. In necropsy, compared to the corn oil
group, ABZ 5 mg/kg, A. annua 300 mg/kg, and A. annua 600 mg/kg groups exhibited reductions of 35.76%, 68.50%,
and 63.64%, respectively, in terms of nematode numbers. The likely contributors to these results are the non-polar
compounds of A. annua L., the very low concentration of ABZ, and the dilution solvent corn oil.

Key words: Anthelmintic; Artemisia annua L.; laboratory mice; oxyurid; worm counting

Laboratuvar farelerinin oksiyiir nematodlari iizerine
Artemisia annua L. nin in vivo antihelmintik etkisi

Ozet: Oksiyiirler, yaygin olarak gériilen bagirsak parazitleridir ve ézellikle cocuklarda tekrarlayan saglik riski tairlar.
Dogal ve tekrarlanabilir bir tedavi arayan bu calisma, Artemisia annua L. n-hekzan ekstraktinin oksiyurler izerindeki
antinematodal etkisini in vivo olarak arastirdi. A. annua L. n-hekzan ekstrakti Syphacia obvelata ve Aspiculuris
tetraptera tirleri ile dogal olarak enfekte olmus farelere 300, 600 ve 1200 mg/kg dozlarinda 7 gtin sureyle oral
olarak uygulandi. Oksiyir yumurta sayisinda meydana gelen degisim fekal flotasyon yontemi ile degerlendirildi.
Nekropsideki nematodlar gruplardaki sayi, cinsiyet ve tir acisindan 8. ginde karsilastirildi. Cézlcu kontrol olarak
hizmet eden misir yagi ile birlikte pozitif ilag kontroll olarak Albendazol (ABZ) 5 mg/kg dozunda g giin siireyle
uygulandi. Uygulamanin son giintinde fekal flotasyonda oksiytir yumurtalarinin sayisi ilag kontrol ABZ grubunda
%43,51 azalma ve A. annua 1200 mg/kg grubunda %21,12 artis gosterdi. Nekropside, Misir yagi grubu ile
karsilastirildiginda ABZ 5 mg/kg, A. annua 300 mg/kg ve A. annua 600 mg/kg gruplarinda nematod sayisi agisindan
sirastyla %35,76, %68.50 ve %63.64 azalma saptandi. Muhtemelen bu sonuglara katki saglayanlar polar olmayan A.
annua L. bilesenleri, ABZ'nin ¢ok disiik dozda olmasi ve ¢dziicl solventi olarak misir yagi kullanilmasidir.

Anahtar kelimeler: Antihelmintik; Artemisia annua L.; laboratuvar fareleri; oksiyir; solucan sayimi

Introduction

The drug resistance problem is the essential cause
of the discovery of new medicines. On the other
hand, infections from soil-transmitted helminths are
endemic specifically in some regions of Asia, and
Africa, and they are repeated frequently. Therefore,
it is necessary to refer to herbal medicines because
constant or combined usage of anthelmintic drugs

affects kidney and liver functions negatively (Arise
and Malomo, 2009).

Syphacia obvelata (Rudolphi, 1802) and Aspicu-
luris tetraptera (Nitzch, 1821) are nematodes from
Oxyurid groups commonly found in mice and some
rodents (Soulsby, 1982). Both nematodes inhabit in
the gastrointestinal tract of the host animals and can
be transmitted to humans through the ingestion of
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eggs. Aspiculuris tetraptera is frequently used in an-
thelmintic research to determine the efficacy of var-
ious chemotherapeutic agents (Theodorides, 1976).

A. tetraptera has a direct life cyclus and infecti-
on occurs after ingesting the eggs by the host, with
a prepatent period of 21-35 days (Pritchett-Corning
and Clifford, 2012). In the first stage nematode lar-
vae stay for a week in the submucosa of the colon
and develop into third-stage larvae, then pass to
the colonic lumen to develop into adult larvae (Prit-
chett-Corning and Clifford, 2012). The mature fema-
les settle down large intestine to lay, who spend 45
to 50 days before laying their eggs. The eggs that
released at night can stay alive for weeks outside
the host and become contagious in 6-7 days at 24°C
(Stepek et al.,, 2006). Table 1 shows the some chara-
cteristic properties of A. tetraptera and S. obvelata.

Table 1. Some characteristic properties of S. obvelata and A.
tetraptera

S. obvelata A. tetraptera
Characteristics
Female length 3.5-6 mm 3-4 mm
Male length 1-1.5 mm 2-3 mm
Female tail Long and Conical
pointed
Cervical alae Subtle Prominent

~ 134 x 36 ym, ~ 86 x 37 um, ovoid

Egg banana shape  and symmetrical

Location in host (CCuIE Colon
colon

Location of egg Perianal skin Feces

Prepatent period 11-15 days 21-25 days

Infection time of egg ~ 5-20 hours 5-8 days

Table was obtained and changed from Pritchett-Corning and Clif-
ford (2012)

Nematodes of the genus Syphacia Seurat, 1916
(family Oxyuridae) are parasitic pinworms possesing
host-specificity in several rodents (Perec et al., 2006).
Because there are not enough specific characters to
differentiate between pinworms, molecular advan-
ced tools are used to identify closely related oxyurid
species (Omer et al.,, 2020). The nuclear small subu-
nit of ribosomal DNA (18S) and the mitochondrial
cytochrome ¢ oxidase subunit 1 (cox1) (Stewart et
al., 2018) are evaluated for molecular discrimination
of Syphacia species. Both sequences of 18S rDNA
and the internal transcribed spacer (ITS1, 5.8S, and
ITS2) regions are used the identification of S. obvela-
ta showing morphological characteristics (Moham-
med et al., 2024).

Several techniques can be used for identifica-
tion of oxyurid nematodes beside using molecular
tools. Because the eggs of oxyurids have some cha-
racterictics, they can be seen and detected under
optic microscope after application of flotation or
perianal tape methods. Fecal flotation or McMaster
techniques are used for Aspicularis tetraptera, while
perianal tape method is prefered for detection of
Syphacia obvelata eggs classically (Hedrich, 2012).

Although infection with these nematodes does
not cause significant symptoms; they drive changes
that will affect the results of the experiment (The-
odorides, 1976; Fox et al., 1984; Pinto et al. 1994;
Gonzalez 1996; Sueta et al. 2002). Therefore, it is
crucial to ensure that laboratory animals are free
from parasites. Artemisia annua L. known locally in
Turkiye "Peygamber sliplirgesi” is an annual plant.
It has 50-150 cm length. It is used as an infusion
(2-3%) internally against dysentery and tuberculo-
sis (Baytop, 1999). A. annua L. (Chinese: “qing hao’,
namely “green herb”) is native to China. Utilized in
Traditional Chinese Medicine for over 2000 years to
reduce fever, the plant gained global recognition
after the discovery that the artemisinin substance
isolated from A. annua L. was effective in treating
malaria in 1970, leading to its widespread adoption
(Willcox et al. 2004). A. annua L. has been used not
only for malaria but also for headache, fever, infe-
ction and inflammation (Memorial Sloan Kettering
Cancer Center, 2010). According to a 2010 investi-
gation, Artemisia annua L. was recommended in the
oldest Chinese prescriptions found in the Mawagn-
dui tomb, dating back to BC 168, depicting its usage
for hemorrhoids in females (McGovern et al., 2010).
The plant, Artemisia annua, is from the Asteraceae
family, it has fern-like leaves, yellow flowers and a
particularly pleasant smell. Trichomes contain va-
rious active compounds, including flavonoids, ch-
romens, and various terpenoids (sesquiterpenoids
and triterpenoids) (Brown, 2010). One of the most
significant components is artemisinin, used for tre-
ating malaria, which has demonstrated anticancer
properties, effective against breast cancer and leu-
kemia (Singh and Lai, 2001; Singh and Lai, 2005).
Additionally, the anthelmintic effect of artemisinin
was shown experimentally (Cala et al., 2014). Arte-
misinin-derived drugs have also proven effective
against various parasites, including Fasciola hepati-
ca and gastrointestinal nematodes in ruminants, as
well as Plasmodium spp., Coccidia spp., Babesia spp.,
Leishmania spp., Neospora caninum, and Schistoso-
ma spp. (Tariqg et al., 2009).
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When the anthelmintic activity of Laurus nobi-
lis extract in mice naturally infected with Aspiculu-
ris tetraptera was investigated, it was seen that the
concentration of 400 ml/kg alcoholic extracts of L.
nobilis showed the 96% and 100% lethal effects for
worms on three and six days after giving the treat-
ment (Mares et al., 2023).

It is a need to learn a new and accurate phar-
maceutical procedure that contains new application
styles, dilution agents and the effective lowest con-
centrations of a known marked drug used in control
groups in order to discover novel herbal treatment
methods against parasites of animals.

The objective of the present study was to de-
monstrate the anthelmintic activity of the extract,
with different application way (by using corn oil for
dilution) and with a different drug dose (being lower
than normal according to literature), by assessing
the reduction in both oxyurid egg count and worm
numbers. It was aimed to demonstrate the anthel-
mintic activity of the extract by evaluating the re-
duction in oxyurid egg counts and worm numbers.

Materials and Methods

Plant Material and Extract Preparation: Artemi-
sia annua L. leaves were collected in 2010 from the
Acemler district of Bursa (40°12" 106 47.12"'N, 29°
0'53.01” E),Turkiye. Leaves were dried under shade,
pulverized with a fine grinder and extracted with
n-hexane in the Soxhlet apparatus. The solvent was
evaporated with a rotary evaporator. The yield of
extract was 4.5% (w/w). The crude extract was kept
at -20°C.

Pharmacological Procedures

Animals: Balb-c mice of both sexes (28-35 g) were
obtained from the animal breeding center of Bursa
Uludag University, Bursa, Turkiye. The animals were
kept in standard polypropylene cages, at 20-24°C,
with 55% relative humidity, they were fed standard
pellets and water ad libitum. Naturally infected ex-
perimental animals for S. obvelata and/or A. tetrap-
tera were selected from 150 mice by using perianal
cellophane tape and fulleborn fecal flotation met-
hods, respectively. Each group was made up of six
animals, and each mouse was taken separate cage.
All experiments were approved by the Experimen-
tal Animals Local Ethics Committee of Bursa Uludag
University (no: 2017-10/07).

Infected mice were divided into six groups, four
treated and two control groups by selection in the
condition that approximately the same number of

eggs would be in every group according to the re-
sults of fulleborn fecal flotation and perianal tape
methods performed on two different days. Each
group consisted of six animals three males and three
females. Group | was 0.2 ml corn oil solvent control,
Group I, Ill and IV of mice were treated with 300,
600 and 1200 mg/kg b.w. (body weight) doses of
n-hexane extract of A. annua L. for seven days, res-
pectively. Group V of mice was treated with a 5 mg/
kg b.w. dose of reference drug Albendazole for th-
ree consecutive days. Group VI was the group drin-
king water. For oral application, except for Group VI,
all groups were fed via steel esophageal gavage in
the same manner and volume (by completing a total
of 0.2 mL with corn oil). Corn oil was used as solvent
for dilution of A. annua n-hexane extract because,
according to literature (Harvey, 1996), corn oil could
be used in the animal experiments in order to ob-
serve anthelmintic drug effectiveness.

Macroscopic Examination:Fecal materials were
collected from cages of all mice by using pliers.
Examples in the labeled plastic bags were weighed
on electronic analytical balance. Fecal materials
were transferred to petri dishes and physiological
saline solution was added on it. It was waited for
10-15 minutes in order to be softened. Fecal ma-
terials were examined under stereo microscope by
using plastic spatula to slightly spread the cumula-
tive material. Founded worms were taken with a pin
and transferred to optic microscope by microscopic
slide preparation in order to determine the species
and gender.

Fecal Egg Counting: After the acclimatization of
mice, perianal tape and fecal flotation methods were
used to be detected to be sure whether all mice had
oxyurid infection.

The efficacy of plant extract on egg numbers
was calculated by egg counting of fecal material col-
lected from each mouse before the 7" and 15t days
before the treatment and 1., 3., 5., and 7. days of tre-
atment. Fecal materials were collected by searching
through cages’ shavings in which each mouse was
held separate cage. Firstly, it was investigated whet-
her adult forms of helminths and proglottids were
in collected fecal samples. They were then passed
to the flotation method (Kasim, 1994). To apply fecal
flotation method, weighed feces was homogenized
with approximately 10 mL of water, they were filtra-
ted from a metal filter by spraying water on them,
two lamels were put on this mixture and all the eggs
on microscope slight were counted and the amount
in grams of feces was found.
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In the fecal flotation, decreasing % of oxyurid
eggs was counted as follows:
Decreasing% = 100 x (C-T)/C

C is the arithmetic mean of oxyurid eggs of
untreated control mice, and T is the arithmetic mean
of oxyurid eggs in the treatment group obtained
from fecal flotation.

Worm Counting: On the last day of the application,
the mice were euthanized under anesthesia with se-
voflurane. After the internal organs were taken into
the petri dish, all organs were separated and taken
into labeled vials containing 70% alcohol. All organs
in the body cavity were investigated by stereomic-
roscope for the presence of helminths. They were
opened seperately in petri dishes by pouring 70%
alcohol on them. Organs were cut very carefully with
a small metal scissors by avoiding from any damage
on helminths. Intestines firstly were seperated ac-
cording to regions, then all regions (jejunum, due-
donum, cecum, and large intestine) opened in diffe-
rent petri dishes. Parts of the intestine were put on
one side by pliers and were cut with small scissors
by above side through all part. Contents of intestine
were investigated by spraying 70% alcohol or physi-
ological saline solution on them in order to diluate.
A pin was used to disperse the content and to take
the helminths. The collected helminths were iden-
tified under the light microscope, were separated,
and counted according to their species, genders.

The percentage reduction, indicative of efficacy
against oxyurid nematodes, was calculated as fol-
lows:

(%)E = 100 x (C-T)/C

In this formula, E is Efficacy, C is the geometric
mean of worm numbers obtained from the necropsy
of the corn oil solvent control group, and T is the
geometric mean of worm numbers obtained from
the necropsy of the treatment group. (%)Efficacy is
calculated with this formula according to Kozan et
al. (2011) and Turel et al. (2013).

The pictures were taken with Olympus CX23
microscope. The samples were sealed with Entellan®
and preserved as permanent preparations.

Hematocrit Counting:The hematocrit counting
was made in three groups; A. annua 600 mg/kg
b.w., corn oil 2 ml and ABZ 5 mg/kg b.w. The blood
taken from the hearts of mice were collected in two
Eppendorf tubes one of them was added EDTA. He-
matocrit counting was made using Wintrobe tubes.

Statistical Analysis

The post hoc test was chosen by making the nor-
mality analysis. Shapiro Wilk test was used to dete-
ct normality. The results of Levene’s statistics were
evaluated to detect the homogeneity of variance.
For comparing the means of parasite egg numbers
Kruskal Wallis non-parametric one-way ANOVA
analysis method, comparing the means of helminths
in the treatment groups, the Tamhane-T2 test and
also Kruskal Wallis tests were used. P<0.05 was ad-
mitted as significant.

Results

Macroscopically, the first finding was that the adults
of S. obvelata in the fecal examinations were found
in the mice group of A. annua L. extract at 600 mg/
kg b.w. dose (Group Ill), whereas they were not in
groups of ABZ (Group V) and corn oil (Group ). S.
obvelata adults began to be seen three days after
the starting of application and no more than 2-3
worms. In the extract groups (Group Il, lll and V),
while the decreases in the number of oxyurid eggs
were observed in some of the mice, there was no
significant difference between the first and last days
of the application in terms of the group of mice.

Considering the average number of helminths
per group of mice according to the necropsy results,
the anthelmintic activity in the A. annua 600 and the
A. annua 300 group was found to be at the similar
level as shown in Table 2. The anthelmintic activity,
which was detected as approximately 35.76% effica-
cy, shows the application of ABZ at a dose of 5 mg/
kg b.w.for three days have a mild effect. A. annua
600 mg/kg b.w. dose also shows a very similar effect
(63.64%) in terms of worm count reduction compa-
ring a 300 mg/kg b.w.dose of A. annua L. n-hexane
extract for seven days (Table 2).

Table 2. Worm count at necropsy
Worm count at

necropsy
- x 2 &)
o o
Treatment E é = E § g
25 £ S = E
E 2 ¢ R
Corn oil 2 ml 233 4-107 20.16
ABZ 5 mg/kg b.w. 152 2-78 1295 3576
A. annua 300 mg/kg b.w. 128 2-115 635 68.50
A. annua 600 mg/kg b.w. 196 0-125 733 63.64
A. annua 1200 mg/kg b.w. 98 3-38 1743 1354

ABZ: Albendazole, A. annua: Artemisia annua
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Although A. annua 1200 mg/kg b.w. dose was
expected to be at these values, only a slight decrea-
se was observed (13.54%). Based on the fecal flota-
tion results, there was a 68.56% increase observed in
the corn oil group on the 7™ day of the application

compared to the initial count (the arithmetic mean
of the counts on the -7 and -1t days). As indicated
in Table 3 and Figure 1, the ABZ group exhibited the
most significant decrease, although this decrease of
43.51% suggests a moderate effect.

Table 3. The arithmetic mean of EPG (Egg per gram) counted at fecal flotation

-7* day -1t day 1st day 3+ day 5t day 7* day
Drinking water 416.3 434.5 415.7 445.3 245.1 466.4
Corn oil 2304 166.5 3275 575.8 469.5 631.2
ABZ 5 mg/kg b.w. 70.4 78.5 59.0 7.7 20.7 42.0
A. annua L. 300 mg/kg b.w. 165.1 59.8 76.2 270.8 64.5 112.6
A. annua L. 600 mg/kg b.w. 325.1 163.0 83.5 133.6 165.1 23338
A. annua L. 1200 mg/kg b.w. 523 76.0 76.2 133.0 213.9 81.3

ABZ: Albendazole

Figure 1. Arithmetic mean of A. tetraptera EPG for each mice group at fecal flotation

As shown in Figure 2, a slight decrease (4.22%)
in the A. annua 600 group and an increase of 21.12%
in the A. annua 1200 group indicated that the anti-
nematodal effect of the extract could not be detec-
ted by fecal flotation or it would take a little longer
to see for the result.

The oxyurid eggs seen in the fecal flotation
have belonged to Aspicularis tetraptera, Syphacia
obvelata and Syphacia muris. Their photographs are
given in Figure 3.

Figure 2. Decrease rate of EPG counted at fecal
flotation on the last day comparing the arithmetic
mean of -7 and -1t days. Artemisia: Artemisia an-
nua L. n-hexane extract
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Figure 3. Oxyurid eggs in fecal flotation A) A. tetraptera B) S. obvelata C) S. muris

When comparing the numbers of helminths
collected from the internal organs of each mouse
during necropsy, the homogeneity of variance is
found to be unacceptable according to Levene's
statistics. While ANOVA is robust against violations
of the assumption of normality and homogeneity of
group variance when the group sizes are equal, in
this study, some treated mice died before the eigh-
th day, resulting in unequal group sizes in the final
assessment.

Based on the results of the Tamhane 2 test, no
significant difference was observed between the
groups in terms of the number of helminths colle-
cted during necropsy. However, according to Figu-
re 4, designed for the comparison of independent
samples, there is a considerable disparity between
group means and standard deviations, with the A.
annua 600 group being notably prominent. This
disparity in group means and standard deviations
can be attributed to the substantial variation in the
distribution of infection within the groups from the
beginning. Contrary to expectations, the necropsy
results did not reveal the anticipated effects from
the extracts.

Because the normality could not be provided,
non-parametric tests were used. According to the
Kruskal Wallis test, there was a statistically signifi-
cant difference (P=0.019) only between ABZ and
corn oil in terms of eggs counted in fecal flotation.
This result showed that A. annua n-hexane extra-
cts applied at three different doses did not have a
significant effect on A. tetraptera egg numbers. The
statistical correlation between the treatment groups
is shown in Figure 5.

Figure 4. The comparison of the helminths found at
necropsy via Kruskal Wallis

Figure 5. Relationships for adjusted significance
(Adj. Sig.) in administration groups in fecal flotation
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The results of the blood values of the mice
showed that the mice in the ABZ-treated group had
higher hematocrit levels than the other mice. This
result is in line with the expected. A comparison of
the arithmetic mean of hemoglobin and hematocrit
count in groups of mice is shown in Figure 6.

Figure 6. The arithmetic mean of the blood values
of the mice in each group on the 8th day of the ad-
ministration

Both the hematocrit and hemoglobin values of
the mice in the other two groups (the mice in the
group treated with corn oil as solvent control and
the group treated with A. annua extract at a dose of
600 mg/kg b.w.) were found to have more intense
infections, which were determined by the results of
both fecal flotation and necropsy, were quite close
to each other. This showed that this dose of the ext-
ract did not affect the hemoglobin and hematocrit
counts of the mice.

Discussion and Conclusion

Various model organisms are employed in labora-
tory experimental animals to study soil-transmit-
ted helminths, with Trichuris muris being a perfect
model for trichuriosis in mice (Keeling, 1961), and
Strongyloides ratti utilized for strongyloidiasis in rats
(Wertheim and Lengy, 1965). Infected rodents with
Ascaris suum serve as models for the onset of Asca-
ris lumbricoides infection (Tritten et al., 2011).

In our study, Aspicularis tetraptera and Sypha-
cia obvelata, both belonging to Oxyurid nematodes,
were selected as relevant organisms to demonstrate
the antinematodal effect of plant extract in the gast-
rointestinal system. The significance of these two
nematodes lies not only in their prevalent existence
in laboratory mice and rats but also in their zoono-
tic characteristics. Given that most commonly used
antinematodal drugs are generally broad-spectrum,
the present study provides evidence that A. annua

L. affects nematodes in the gastrointestinal system,
suggesting its potential efficacy against soil-trans-
mitted helminths.

Syphacia spp. and A. tetraptera were the com-
mon parasites of mice. In a parasitology research in
Istanbul, Turkiye, the laboratory and pet mice (n=75)
had been detected by Cetinkaya et al. (2017) with
flotation technique in terms of the species of nema-
todes. According to distribution of them, Syphacia
spp. and Aspicularis tetraptera were found as %20
and %40 in mice, respectively. If it was used the pe-
rianal tape method to detect the S. obvelata eggs, it
could be found higher infection rate for S. obvelata.

According to a study by Turel et al. (2008), gi-
ving Urtica dioica L. leaves and seeds methanolic
extracts orally for seven days to mice naturally infe-
cted with A. tetraptera, Urtica dioica L. seed metha-
nolic extract had not a significant effect but leaves
methanolic extract showed a potent anthelmintic
effect. A study in sheep infected with Haemonchus
contortus showed that oral administration of A. an-
nua L. water extract and artemisinin had a low-le-
vel anthelmintic effect (Cala et al., 2014). In sheep
infected with Fasciola hepatica, a single dose of 40
mg/kg b.w. (i.v.) of artesunate from A. annua L. redu-
ced the egg count by 69% and the worm count by
77%. The same application of artemether obtained
from the same plant reduced the number of eggs by
97.6% and the number of worms by 91.9% (Keiser
et al, 2010). Extracts of A. annua L. were found to
be 81.6-83.2% suppressive against Cryptosporidium
parvum in mice (Youn and Noh, 2001).

In a recent study (Taljaard et al., 2022) that in-
fusions of Artemisia afra and Artemisia annua were
submitted to liquid-liquid partitioning with n-hexa-
ne and dichloromethane to provide samples for in
vitro bioassays using newly transformed schistoso-
mulas (NTS) and adult Schistosoma mansoni worms
obtained from infected mice. A. afra and A. annua
infusions and extracts were found that they posses-
sed potent in vitro antischistosomal activities aga-
inst NTS, at 100 pg/ml.

According to the results of the present study,
since the A. annua L. n-hexane extract contains the
non-polar active components of the plant, these
components may have a mild anthelmintic effect. In
the macroscopic examination, only a few helmint-
hs were found in the feces of mice in the A. annua
600 groups. These worms may have fallen due to
the extract or may have been discarded randomly
due to the intensity of the infection. As indicated
in Table 3, corn oil increased the number of oxyurid
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eggs. Despite the expected reduction in the number
of eggs and helminths due to the laxative effect of
corn oil, the observed increase on the last day of the
application in fecal flotation could be related to the
stress induced by gavage application, leading to a
weakened immune system. The A. annua n-hexane
extract being diluted in corn oil might have made
it challenging to observe the anthelmintic effect,
contributing to the 21.12% increase in the average
number of eggs at a dose of 1200 mg/kg b.w. This
effect may be attributed to the use of corn oil. Ac-
cording to some studies (Harling et al. 1988; Har-
vey, 1996; National Toxicology Program, 1998) corn
oil was preferred as solvent controls. Harvey (1996)
used to corn oil as solvent in a patent study to show
anthelmintic properties of some macrocyclic lacto-
nes. However, it is recommended to add an alcohol
type with at least four carbon atoms to the mixture
as a carrier when delivering macrocyclic anthelmintic
drugs (Harvey, 1996). In our study, alcohol was not
added to the mixture to avoid potential interference
with the anthelmintic effect. The absence of alcohol
might have affected the solubility of the extract, po-
tentially causing it to remain relatively undissolved,
despite observations indicating homogenization in
corn oil. Therefore, in investigating the anthelmintic
activity of A. annua L., it may be worthwhile to exp-
lore extracts prepared with polar solvents via in vitro
experiments or consider adding the extract to the
foods of experimental animals instead of employing
gavage for in vivo experiments.

It was stated by Brisibe et al. (2009) that Arte-
misia annua L. has nutritious ingredients and they
can be a good food supplement. In our study, the
observed increase in the number of oxyurid eggs
with the A. annua extract at a dose of 1200 mg/kg
b.w. may be attributed to this nutritive feature. Whi-
le this plant is known for its anthelmintic properties,
it is also recognized for its nutritional richness. Con-
sequently, one could expect a simultaneous redu-
ction in the number of worms and an increase in
ovulation, as indicated by the results of our study.
In addition, as a reaction to the extract, the num-
ber of eggs in helminths may be increased. Many
comments can be made on the fact that A. annua L.
n-hexane extract increases ovulation.

In this study, both perianal tape and fecal flo-
tation methods were used to select the infected
mice. It is advised that the perianal tape method
be used for counting Syphacia obvelata eggs and
fecal flotation for Aspiculuris tetraptera eggs (Hedri-
ch, 2012). According to the literature, the combined
use of these two methods is more effective in de-

termining S. obvelata and A. tetraptera eggs. While
A. tetraptera eggs are rarely found with the perianal
tape test, the fecal flotation method is considered
less successful for detecting S. obvelata eggs (Hed-
rich, 2012). However, in our study, the fecal flotation
method was found to be as effective as the peri-
anal tape method in detecting the presence of S.
obvelata eggs, even in some cases where there were
no eggs on the cellophane band, there were many
S. obvelata eggs seen in flotation. The recommen-
ded usage of Albendazole in oxyurid treatment is
10 mg/kg b.w. a single dose. This study was admi-
nistered at a dose of 5 mg/kg b.w. for three days
with a different application, and its effect in this si-
tuation was investigated. In the literature, an in vivo
anthelmintic effect of ABZ at a dose of 5 mg/kg b.w.
was found to be %32.6 against lungworm larvae
Metastrongylus apri (Ferguson, 1981). In our study,
ABZ was suspended in corn oil and given by gava-
ge. Although ABZ was given with gavage, and there
was its dissolution problem, it was observed that the
average number of eggs per gram in fecal flotation
decreased by 43.51% on the seventh day compa-
red to the pre-application. This relatively low effect
of ABZ may be attributed to its administration after
suspension in corn oil. Another contributing factor
could be the administration of ABZ for three days,
whereas extracts and corn oil were given for seven
days. In necropsy, the number of worms in the ABZ
group (Group V) decreased by 35.76% compared to
the corn oil group (Group ).

A. annua L. n-hexane extract showed a mild
anthelmintic effect when it was given to infected
mice by dilution in corn oil. It is an interesting re-
sult that the 1200 mg/kg b.w.dose of the extract on
the seventh day caused an increase of 21.12% in the
number of eggs, compared to the average of the
first days. ABZ caused a 43.51% reduction of eggs at
the dose of 5 mg/kg. This study has shown the slight
anthelmintic activity of the n-hexane extract of A.
annua L. against oxyurid nematodes of laboratory
mice. However, further investigations are required
to isolate the active compounds responsible for the
anthelmintic activity and to predict the mechanisms
of action via in silico modeling.
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Abstract: The study evaluated the effects of propylene glycol (PG) drenched in different doses in dairy cows with
a positive energy balance on serum metabolic parameters. Twenty-four Simmental dairy cows in 60-190 days
of lactation period with positive energy balance were included in this study. PG was drenched three hours after
morning feeding, at a dose of 300 mL (8 dairy cows, Group I) and 500 mL (8 dairy cows, Group Il) once a day for
3 days. Eight dairy cows were included in the control group (Group Ill). Blood samples were collected once before
PG drenching, daily after drenching of PG, and finally on day 4. Serum biochemical parameters were determined.

With regard to energy metabolism, glucose concentrations from serum biochemical parameters significantly
increased on day 3 in the 500 mL PG group compared to the control group, and there were no significant changes
in BHBA and NEFA concentrations. Decreased urea and increased chloride concentrations were determined within
reference limits. In dairy cows with positive energy balance, 500 mL PG oral drenching had a positive effect on
energy balance as determined by serum glucose measurements, might not have adverse effects on hepatic and
renal function, and may cause serum electrolyte changes within reference limits.
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Siit ineklerinde farklh dozlarda propilen glikoliin
metabolik parametreler iizerine etkileri

Ozet: Calisma pozitif enerji dengesine sahip siit ineklerinde farkli dozlarda propilen glikol (PG) uygulamasinin serum
metabolik parametreleri tzerine etkilerini degerlendirdi. Calismaya 60-190 giinlik laktasyon doneminde pozitif
enerji dengesine sahip 24 adet Simental irki siit inegi dahil edildi. PG, sabah yemlemesinden 3 saat sonra, giinde bir
kez 300 mL (8 sut sigiri, Grup I) ve 500 mL (8 sit sigiri, Grup Il) dozlarinda 3 giin boyunca uygulandi. Kontrol grubu
(Grup ) icin sekiz stt sigirt dahil edildi. Kan 6rnekleri PG uygulamasindan 6nce bir kez, PG uygulamasindan sonra
glinlik olarak ve son olarak 4. giinde toplandi. Serum biyokimyasal parametreleri belirlendi. Enerji metabolizmasi
ile ilgili olarak, serum biyokimyasal parametrelerinden glikoz konsantrasyonlari kontrol grubuna kiyasla 500 mL PG
grubunda 3. giinde 6nemli 8lciide artti, BHBA ve NEFA konsantrasyonlarinda ise dnemli bir degisiklik olmadi. Ure
konsantrasyonlarinda azalma, klorir konsantrasyonlarinda artma ise referans sinirlar icerisinde tespit edildi. Pozitif
enerji dengesine sahip st ineklerinde, 500 mL PG'nin oral uygulanmasi serum glikoz dl¢iimleri ile belirlendigi gibi
enerji dengesi lzerinde olumlu etkiye sahipti, hepatik ve renal fonksiyonlar Gizerinde olumsuz etkileri olmayabilir ve
referans sinirlar icinde serum elektrolit degisikliklerine neden olabilir.

Anahtar kelimeler: Propilen glikol, serum metabolik parametreleri, sit inegi

Introduction

Propylene glycol (PG) is a gluconeogenic substrate
that has beneficial effects on carbohydrate and lipid
metabolism in the early lactation period in dairy
cattle (Gordon et al. 2013; Piantoni and Allen 2015;
Gordon et al. 2017; Jeong et al. 2018). In a recent
study, a long time PG drenching to dairy cattle in
the transition period has been reported to decrease
subclinical ketosis incidence and increase milk pro-
duction (El-Kasrawy et al. 2020). Also, PG can reduce

the incidence of fatty liver (Kristensen and Raun
2007). Some farmers and veterinarians have ex-
pressed that clinical signs such as ataxia, salivation,
depression, and shallow breathing develop in some
cattle (Nielsen and Ingvartsen, 2004). High-dose PG
treatment for ketosis treatment (800-1800 g/day)
has been determined to cause clinical signs such as
salivation and ataxia, but 200-500 g PG treatment
once a day in cows with ketosis has been reported
not to cause toxicity signs (Johnson 1954). A study
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has reported that PG toxicity develops in one of
three cattle-drenched PGs (Bertram et al. 2009). PG
drenching dose in the treatment of ketosis related to
dairy cattle is reported as 300 mL/day for three days
(Mann et al. 2017) and 500 mL (Maurer et al. 2017).
In dairy cattle, the maximum dose of PG is limited
to 500 mL (Nielsen and Ingvartsen 2004; Zhang et
al. 2020). During PG treatment, taking care of the
development of toxicity signs is required (Zhang et
al. 2020). A high dose of PG treatment increases the
toxicity risk in the case of renal and liver function
disorders (Zar et al. 2007). According to the authors’
knowledge, there is no study in which the effects of
PG at 300 and 500 mL doses are evaluated on serum
biochemical parameters in dairy cattle with positive
energy balance. Thus, this study evaluated the ef-
fects of PG at 300 and 500 mL doses once a day for
three days orally on serum biochemical parameters
of dairy cattle in positive energy balance.

Material and Method

Animal material

This study was approved by Atatlrk University Eth-
ics Committee (13.01.2020/5) and was funded by
Atatlirk University Scientific Research Unit (TDK-
2021-9002).

Feeds of dairy cows comprised dry roughage
(29.14%), corn silage (37.47%), and forage (33.38%)
were prepared by a veterinary specialist (Sunar Feed
Company, Osmaniye, Turkey, Kardelen 21 Dairy Cat-
tle Feed). 24 Simmental breed dairy cattle in positive
energy balance, 3-4 years old, with normal physi-
cal examination findings, 60-190 days of lactation,
were used. The study animals comprised 300 mL PG
(Group 1), 500 mL PG (Group Il) and control (Group
Iy groups. PG was drenched at a dose of 300 mL
(Mann et al. 2017) and 500 mL (Maurer et al. 2017)
once a day for three days after morning feeding.

Blood sampling

The venous blood samples were collected into va-
cutainer tubes 3 hours after PG drenching, centri-
fuged after 30 minutes at 4 C° (Heraeous sepatec,
Labofuge 200, Germany). Sera samples were stored
until analyses at -20 °C.

Serum biochemical analyses

Serum triglyceride, total cholesterol, total protein,
total bilirubin, urea, creatinine, aspartate amino-
transferase (AST), sodium, potassium and chloride
concentrations were measured using the device for

serum biochemical analyses (Siemens Atellica Solu-
tion, Germany).

Blood beta-hydroxybutyric acid (BHBA) and glu-
cose concentrations were measured using the blood ke-
tone (CentriVet™ ACON Laboratories, ABD) and blood
glucose (On-call plus, USA) measurement devices.

Serum nonesterified fatty acid (NEFA) (Cat. No:
E0021Bo Bioassay Technology Laboratory, China)
and glutamate dehydrogenase (GLDH) (Cat. No:
E2262Bo Bioassay Technology Laboratory, China)
concentrations were measured using ELISA kits as
specified by producing company.

Statistical analysis

All data were statistically analyzed using SPSS 20.00
(Windows, IBM, USD). Parametric and nonparamet-
ric data were presented as meantstandard error of
means (SE) and median (minimum-maximum), re-
spectively. Parametric and nonparametric data were
analyzed using repeated measurements ANOVA
and repeated measurements using the Kruskal-Wal-
lis test, respectively. Triglyceride was analyzed with
chi square test. Statistical significance for all data
was considered as P<0.05.

Results

Serum metabolic parameters of dairy cows with
positive energy balance were presented in Table 1.

BHBA concentrations were not significantly
different at all the time points among groups and
within groups (P>0.05). Glucose concentrations
were significantly increased at the third time point
in the 500 mL PG group compared to the control
group (P<0.05), but there was no significant differ-
ence within the group. NEFA concentrations were
not significantly different at all the time points
among groups and within groups (P>0.05).

Urea concentrations were significantly de-
creased at the third time point in the 500 mL PG
group compared to the control group and were
significantly decreased at the first and third time
points than the zeroth time point within the 500
mL PG group (P<0.05). Creatinine concentrations
were not significantly different at the first, second
and third time points among groups, and there was
no significant difference at the fourth time point in
300 mL PG and 500 mL PG than the control group
(P>0.05). Within the 500 mL PG group, creatinine
concentrations were significantly increased at the
first and third time points than the zeroth time point
(P<0.05). AST concentrations were not significantly
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different at all the time points in 300 and 500 mL
PG groups than in the control group and within the
groups (P>0.05). GLDH concentrations were not
significantly different among the three groups and
within groups (P>0.05).

Total protein concentrations were not significant-
ly different at the first, second, third and fourth time
points among groups (P>0.05). Total bilirubin con-
centrations were not significantly different at the first,
second, third and fourth time points among groups
and within groups (P>0.05). Total cholesterol concen-
trations were not significantly different at all the time
points among groups and within groups (P>0.05). Tri-
glyceride concentrations were not significantly differ-
ent among groups (P>0.05). Sodium concentrations
were not significantly different at all the time points
among groups and within groups (P>0.05).

Potassium concentrations were not signifi-
cantly different at all the time points among groups
(P>0.05). In addition, the increase in potassium con-
centrations was more significant at the first and sec-
ond time points than the zeroth time point within
the 300 mL PG group (P<0.05). Within the 500 mL
PG group, a tendency for non-significant increase
and decrease was observed in potassium concen-
trations.

Chloride concentrations were significantly in-
creased at the first, second, and fourth time points
than the zeroth time point within the 300 mL PG
group, and at the second time point in the 300 mL
PG group than the control group (P<0.05), and at
the first time point than the zeroth time point within
500 mL PG group (P<0.05).

Table 1. Serum metabolic parameters in dairy cows with positive energy balance in the PG groups and the control group.

Parameters Time (Day) 300 mL PG Group 500 mL PG Group Control Group
0 0,60 0,65 0,55
(0,50-0,90) (0,50-0,80) (0,40-0,90)
: 0,50 0,65 0,60
(0,40-0,70) (0,50-0,90) (0,50-0,80)
0,70 0,70 0,65
BHBA (mmol/L) 2 (0,50-0,80) (0,40-0,70) (0,00-0,80)
] 0,60 0,60 0,60
(0,50-0,70) (0,50-0,80) (0,50-0,80)
4 0,70 0,70 0,65
(0,50-0,90) (0,60-0,90) (0,60-0,90)
o a1 43,50 42
(32-56) (35-78) (33-56)
1 48 54,50 44,50
(35-62) (40-75) (32-63)
47 51,50 45
Glucose (mg/d 2 (40-54) (44-62) (36-63)
5 47 52 43
(37-56)® (48-58)° (36-52)°
4 39,50 41,50 41,50
(31-55) (36-68) (33-56)
o 77,82 147,98 94,81
(60,48-199,85) (53,54-226,95) (72,30-160,66)
] 97,57 83,07 71,22
(40,00-219,43) (46,49-297,40) (52,90-203,09)
129,84 124,12 88,54
Al Cel b 2 (62,31-933,13) (47,49-724,61) (57,44-337,02)
3 76,78 87,59 103,06
(53,86-134,90) (54,84-775,00) (76,51-125,58)
4 94,32 105,50 92,50
(62,29-196,06) (71,00-194,00) (75,00-139,00)
o 18,62+0,80 18,25+0,558 18,87+0,98
18,00 (16-23) 18,00 (16-20) 18,50 (15-24)
] 17,00+0,56 16,25+0,49¢ 17,50+0,908
17,00 (15-19)? 16,00 (14-18) 17,00 (14-22)
Urea (ma/dl) 5 18,00+0,77 16,500,425 18,87+0,634°
17,50 (15-21) 16,50 (15-18) 19,00 (16-21)
3 16,62+1,11 16,25+0,49¢ 19,12+0,634
17,00 (10-21)%0 16,00 (14-18)° 19,50 (16-22)°
A 20,00£0,70 19,25+0,45 21,00+0,734

19,50 (18-24)*

19,00 (18-21)

21,00 (18-24)
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Parameters Time (Day) 300 mL PG Group 500 mL PG Group Control Group
0 0,98+0,03 0,92+0,038¢ 0,96+0,04
1,01 (0,82-1,08) 0,93 (0,76-1,02) 0,94 (0,82-1,18)
1 1,03+0,04 1,07£0,014 0,98+0,03
1,07 (0,81-1,14) 1,07 (1,01-1,12) 0,94 (0,88-1,15
st ) > 1,05+0,02 1,01+0,0248¢ 0,98+0,04
1,08 (0,91-1,14) 1,01 (0,92-1,11) 0,94 (0,86-1,21)
3 1,05+0,03 1,07+0,02% 1,04+0,04
1,08 (0,91-1,16) 1,08 (0,99-1,15) 0,99 (0,91-1,25)
4 1,14+0,11 0,93+0,02¢ 0,98+0,04
1,05 (0,92-1,91)? 0,94 (0,82-1,03)° 0,92 (0,90-1,20)%®
0 109,50 83,50 101
(89-122)° (72-102)° (72-125)*
1 109 87 101,50
(87-120)° (80-102)° (79-130)®
109,50 86,50 99
AST(U/D) 2 (84-121)° (77-107)° (75-123)*®
3 110 90 102
(86-119)° (78-104)° (78-114)»
4 109 88 100,50
(76-118)? (76-98)° (70-120)*®
0 13,21 12,87 13,71
(9,30-19,52) (8,77-22,00) (10,36-17,95)
1 13,09 11,12 14,49
(8,61-18,41) (8,53-21) (9,77-20,00)
15,75 12,88 12,09
(ClLpt (i) 2 (11,32-19) (8,17-17,46) (8,78-24)
3 11,79 10,77 12,59
(9,28-15,64) (7,93-18,94) (10,51-21)
4 12,80 12,17 12,91
(11,48-15,79) (9,67-16,28) (11,01-16,42)
0 70,00 62,50 69,00
(59-76) (55-66)% (60-71)?
1 71,50 67,00 73,00
(60-88) (62-80)A8cP (61-88)
Total Protein (g/L) 2 (587—%9) (6(?—57%?“'3 (6753(3)—(&)3(;)
3 73,50 70,00 70,00
(63-88) (60-82)A¢ (63-85)
4 69,50 77,50 83,50
(55-91) (72-85)* (61-86)
0 0,04 0,03 0,01
(0,02-0,09)? (0,01-0,05)* (0,01-0,05)°
1 0,04 0,01 0,03
(0,01-0,09) (0,01-0,04) (0,00-0,06)
Total Bilirubine (mg/ > 0,05 0,02 0,03
dl) (0,01-0,07) (0,01-0,04) (0,01-0,08)
3 0,01 0,02 0,01
(0,01-0,04) (0,01-0,15) (0,01-0,06)
4 0,04 0,02 0,02
(0,01-0,06) (0,01-0,06) (0,01-0,06)
0 135 136,50 132,50
(94-166) (126-149) (79-188)
1 133,50 143 136
(93-163) (125-159) (82-200)
Total Cholesterol 5 131,50 140,50 130,50
(mg/dl) (91-166) (120-156) (79-192)
3 128 139 137,50
(96-161) (122-163) (80-188)
4 136 143 130
(90-161) (133-160) (87-188)
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Parameters Time (Day) 300 mL PG Group 500 mL PG Group Control Group
0 139 138 138
(137-140) (134-142) (137-139)
1 138 140 138
(136-144) (137-144) (136-142)
. 139 139 138
s (mely/L) 2 (139-144) (136-142) (136-144)
3 139 140 139
(137-141) (137-143) (137-142)
2 141 140,50 140
(138-146) (137-147) (135-144)
0 3,89+0,09 3,94£0,05 3,94+0,07%8
3,84 (3,54-4,36)® 4 (3,69-4,09) 4 (3,67-4,19)
1 4,28+0,07 4,12+0,09 4,25+0,104
4,22 (4,01-4,65)* 4,15 (3,78-4,56) 4,21 (3,92-4,65)
Potassium (mmol/L) 5 4,23+0,07 4,07+0,05 4,05+0,09%8
4,19 (3,99-4,49* 4,05 (3,88-4,41) 3,99 (3,69-4,53)
3 4,06+0,06 3,91£0,11 3,99+0,09%
4,04 (3,79-4,40)8C 3,88 (3,29-4,28) 3,94 (3,72-4,55)
4 3,80+0,08 3,93+0,11 3,850,108
3,86 (3,35-4,02)5¢ 393 (3,37-4/44) 3,86 (3,42-4/45)
0 102,02+0,63 101,42+0,728 100,45+0,80
102 (99,20-105)8 102 (98,20-104) 101 (97,70-103)
1 104,25+0,45 104,12+0,58* 102,60+0,66
104 (103-106)* 104 (102-107) 102,50 (99,80-106)
et el > 104,87+0,39 103,50+0,56"° 101,55+0,84
105 (103-106)"° 103,50 (101-106)2° 101,50 (98,20-106)°
3 103,50+0,59 102,31+0,66"® 101,77+0,70
103 (101-106)"® 102,50 (99,50-105) 101,50 (98,20-105)
4 104,12+0,47 102,87+0,51%8 101,51+0,76

104,50 (102-106)*2

102,50 (101-105)® 101,50 (98,50-104)°

ab; Lower letters in the same row indicate statistical significance (P<0.05).

ABC: Capital letters in the same column indicate statistical significance (P<0.05).

Discussion and Conclusion

Propylene glycol (PG) is a gluconeogenic substrate
that has beneficial effects on carbohydrate and lipid
metabolism in the early lactation period in dairy
cattle (Gordon et al. 2013; Piantoni and Allen 2015;
Gordon et al. 2017; Jeong et al. 2018). Mikula et al.
(2008) have reported that 4 hours after top dressing
PG in the morning, blood glucose and NEFA concen-
trations are not significantly affected in dairy cows
after parturition. Cozzi et al. (1996) have reported
that 200 and 400 mL PG mixed with TMR have an
increased effect on the blood glucose increase dur-
ing 0-6 hours in mid-lactating dairy cattle. Mikula et
al. (2020) have revealed a non-significant effect on
the blood glucose in the PG delivery methods, a sig-
nificant decrease of the blood BHBA concentration
1.5 and 2.5 h after oral PG drenching, a decreasing
trend of the blood NEFA concentration 1.5 h after
oral PG drenching in dairy cattle with positive en-
ergy balance. Maurer et al. (2017) have stated that
oral PG drenching at 100, 300 and 500 mL doses
has dose-dependent effects on serum glucose and
insulin, and 500 mL PG administration provides a

long-lasting decrease of blood NEFA concentrations
in lactating dairy cows. In this study, 500 mL PG had
a significant effect on the blood glucose concentra-
tion at the third time point compared to the control
group, but the blood glucose concentration had no
significant increase at different time points within
the 500 mL PG group. Thus, a 500 mL PG dose rath-
er than a 300 mL PG dose could contribute to an in-
crease in blood glucose concentrations. In addition,
in the present study, the blood BHBA and serum
NEFA concentrations were not significantly affected
at different doses of PG administration. Similarly,
the blood BHBA concentrations have been report-
ed not to be affected by PG administration in dry
and close-up periods of dairy cows (Maurer et al.
2017). Thus, in the present study, the ineffective PG
on the blood BHBA concentrations could be related
to positive energy balance in dairy cows during the
lactation period.

Different results have been obtained from vari-
ous studies on the gluconeogenic effects of PG in
dairy cows. This could be attributed to the PG de-
livery method, blood sampling times after PG ad-
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ministration, and the lactation period of dairy cows
(Maurer et al. 2017).

In ruminants, GLDH is an important marker of
hepatic disorders (Smith, 2014). Skeletal and liver
tissues have large amounts of AST enzyme. In he-
patic disorders, increased serum AST activity is
evaluated with specific liver enzymes (Constable et
al. 2017). Hoedemaker et al. (2004) have reported
that in dairy cows before parturition, PD adminis-
tration has no effects on the increase of AST and
GLDH activities, and AST and GLDH activities should
be assessed as metabolic profile tests in monitor-
ing liver health. Maurer et al. (2017) have found that
oral PG administration has no effect on cholesterol
concentration and AST and GLDH activities, but a
decrease of bilirubin concentrations is carried out
with 500 mL PG in early lactating periods of dairy
cows. In the present study, oral PG administration
did not have a significant effect on GLDH activities
and total cholesterol, total bilirubin and triglyceride
concentrations among groups and within groups,
as well as on AST activities and total protein con-
centrations between PG groups and control group.
Thus, the present study revealed that 300 mL and
500 mL PG doses could not have adverse effects on
liver function as indicated by serum GLDH and AST
activities and total protein, total cholesterol, total
bilirubin, and triglyceride concentrations.

An increase in serum urea nitrogen concentra-
tion can be a marker for kidney failure. However, if
serum creatinine is not increased, kidney disorder
may not be present. Serum creatinine and urea in-
crease appear in kidney disorders and dehydration
(Constable et al., 2017). In addition, Xu et al. (2020)
have revealed that in dairy cows with negative en-
ergy balance, energy balance is related to the mobi-
lization of muscle proteins.

In the present study, serum urea concentra-
tions significantly decreased at the third time point
in the 500 mL PG group compared to the control
group. They were significantly decreased at the first
and third time points than the zeroth time point
within the 500 mL PG group. Serum creatinine con-
centrations were not significantly different among
groups. Within the 500 mL PG group, serum cre-
atinine concentrations were significantly increased
at the first and third time points than at the zeroth
time point. However, Mikula et al. (2020) found in-
creased serum urea concentration 30 min after oral
PG drenching at 400 mL dose and then decreased
after 2.5 hours and reached the concentrations of
the control group. Miyoshi et al. (2001) have re-
ported a tendency to increase blood urea nitrogen

concentration after oesophagal PG administration.
Conversely, Chibisa et al. (2008) have not found the
effect of PG on BUN concentration. Conversely, in
the present study, 500 mL PG dose had an effect on
serum urea decreases and creatinine increases. Thus,
because serum creatinine concentrations were not
significantly different in the PG groups compared to
the control group, serum urea increases were not
found, and urea and creatinine concentrations were
not significantly different at the fourth time point
in the PG groups compared to the control group, it
was concluded that kidney functions could not have
been negatively affected.

Mann et al. (2017) have found that in dairy
cows during the early lactation period, 300 mL PG
administration once a day for three days did not
significantly affect serum sodium, potassium, and
chloride concentrations. In the present study, se-
rum sodium and potassium concentrations did not
differ significantly among groups. Potassium con-
centrations in the PG groups and the control group
showed a tendency to increase and decrease ac-
cording to the time points. Chloride concentrations
significantly increased at the second point in the
300 mL PG group compared to the control group.
In addition, increases in serum chloride concentra-
tions were within acceptable limits (95-110 mEqg/L)
(Constable et al. 2017).

In dairy cows with positive energy balance,
500 mL PG oral drenching has a positive effect on
energy balance as determined by serum glucose
measurements, might not have adverse effects on
hepatic and renal function, and might cause serum
electrolyte changes within reference limits.

Ethics Committee Approval: This study was ap-
proved by Atatlirk University Animal Experiments
Local Ethics Committee (13.01.2020/5).
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Tumor cells and microenvironmental interaction in natural
course of canine transmissible venereal tumour
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Abstract: Canine transmissible venereal tumors (CTVT) are naturally occurring tumors that are mostly transmitted
between dogs through coitus. This study aims to investigate the effect of CTVT on molecular expression and disease
progression by studying the tumor microenvironment. For this purpose, biopsy samples taken from ten female
dogs were evaluated histopathologically and CTVT was diagnosed. The expression of markers such as CD163, CD68,
CD44, TGF-beta and bFGF was evaluated by immunoperoxidase tests. Histopathologically, CTVT cells exhibited
pleomorphism, ranging from round to polygonal. Some cells exhibited prominent vacuoles and hypochromatic
nuclei, while others exhibited hyperchromatic nuclei containing mitotic figures within the thin fibrovascular wall.
Immunohistochemically, TGF-beta and CD44 expression was higher in CTVT cells compared to CD68 and bFGF,
while bFGF expression was higher in fibrocytes and spindle cells compared to other markers. The results indicate that
CD44 and TGF-beta may play a pivotal role in fibrovascular processes, CD163 and CD68 may facilitate interactions
between stromal components and mesenchymal cells, and bFGF, TGF-beta and CD68 may contribute to the arrest of
tumoral progression and the initiation of the regression phase. These findings underscore the necessity for further
studies to elucidate the role of markers at different stages of CTVT progression.

Keywords: CTVT, dog, histopathology, immunoexpression, microenvironment

Kopek aktarilabilir venereal tiimorlerinin dogal seyri
sirasinda tiimor ile mikrogevre etkilesimi

Ozet: Kopeklerde Aktarilabilen Aktarilabilir Venereal Timérler (CTVT), dogal olarak olusan ve cogunlukla cinsel
temas yoluyla kopekler arasinda aktarilan timédrlerdir. Bu calisma, CTVT'nin timoér mikrogevresini inceleyerek
molekdiler ekspresyon ve hastalik ilerlemesi Gzerindeki etkisini arastirmayr amaclamaktadir. Bunun icin; on disi
kdpekten alinan biyopsi drnekleri histopatolojik olarak degerlendirildi ve CTVT tanisi konuldu. CD163, CD68, CD44,
TGF-beta ve bFGF gibi belirteclerin immiinoperoksidaz testlerle ekspresyonlari degerlendirildi. Histopatolojik olarak;
CTVT hucrelerinin yuvarlaktan poligonal sekle kadar degisen pleomorfizm gosterdigi, bazi hicrelerin belirgin
vakuoller ve hipokromatik cekirdeklere sahip oldugu bazilarinin ise ince fibrovaskdler duvar icinde mitotik figlrler
iceren hiperkromatik cekirdeklerinin oldugu gérildi. imminohistokimyasal olarak, CTVT hiicrelerinde TGF-beta
ve CD44 ekspresyonu CD68 ve bFGF'ye kiyasla daha yiksek oldugu; bFGF ekspresyonunun ise fibrositlerde ve igsi
hucrelerde diger belirteclere gore daha ytksek oldugu gozlendi. Sonuglar, CD44 ve TGF-beta'nin fibrovaskuler
streglerde 6nemli roller oynayabilecegini, CD163 ve CD68'in ise stromal bilesenler ve mezenkimal hiicreler arasindaki
etkilesimleri kolaylastirabilecegini ve bFGF, TGF-beta ve CD68'in timdral ilerlemenin durdurulmasina ve gerileme
evresinin baslatilmasina katki saglayabilecegini gdstermektedir. Bu bulgular, CTVT ilerlemesinin farkli asamalarinda
belirteclerin roliini anlamak icin daha fazla calisma gerektigini vurgulamaktadir.

Anahtar kelimeler: CTVT, histopatoloji, immunoekspresyon, kdpek, mikrocevre

Introduction encountered in mongrel dogs and kennels, where

Canine Transmissible Tenereal Tumor (CTVT), or
Sticker's sarcoma, is a contagious and transplant-
able tumor by coitus between male and female
dogs and other canidae. The mass grow rapidly in
cauliflower-like shape and later regressed sponta-
neously. Its consistency may show friable to firm-
ness. Ulceration and bleeding may occur. It is more

stay dogs are kept together. The tumor cells are
almost round to polygonal and sometimes con-
tain mesenchymal and histiocytic cells. CTVT cells
contain sometimes distinct, clear, and cytoplasmic
vacuoles (Cangul, 2001; Thangathurai et al., 2008;
Ganguly et al.,, 2016; Alkan et al.,, 2017). The histo-
architecture of CTVT is distinct. - In the progressive
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(P) phase of CTVT, proliferating round to polygonal
shape cells are closely packed in rows or cords by
thin mesenchymal (fibrovascular) septum. During
the stable (S) phase, the developing tumor paren-
chyma and stroma stop growing, and the inflam-
matory response is initiated. At the regressive (R)
phase, fibroblasts and spindle cell transformation
are rapidly developed at intercepts of mesenchymal
bundles and the periphery of CTVT cells. (Hiblu et
al., 2019; Setthawongsin et al., 2019).

The tumor is known to have some immuno-
genic properties, and the immunity provides the in-
hibition of tumoral progression for several decades
(Cohen, 1973). But, there is limited knowledge re-
garding the interaction between CTVT cells and the
tumor microenvironment (TME). Even though CTVT
has been well studied (Hiblu et al., 2019; Ke et al,,
2022). At that course, tumor cell behaviour (tissue
invasion capability) by stromal interaction and mo-
lecular profiling during transmission phases of CTVT
is unfortunately not known. In fact, there is a close
interaction between host immune system and tu-
mor cells. So, the tumor cells together with their
microenvironment and molecular expression in
CTVT are thought to be highly complex. Stem-like
cancer cells are developed in a niche together by
infiltrating inflammatory cells (TILs), immune cells,
fibroblasts, and angioblast. In the cellular communi-
cation process, extracellular matrix proteins (such as
MMP), cytokines (IFNy, TNF-alpha, and interleukin)
and chemokines, growth factors, singaling systems
(Wnt/B-catenin pathway), as well as genetic ele-
ments (MiRNA, mRNA, MHC) and genetic mutations
(LINEs) play roles as well. (Hsiao et al., 2004; Siddle
and Kaufman, 2015; Kanca et al, 2018; Frampton
et al., 2018; Zayas et al., 2019; Skytthe et al., 2020).
Thus, the more understandable/comprehensible,
highly complex changes may give more facilitate
the insight on potential therapeutic strategies for
treating contagious CTVTs.

In this context, macrophages (such as M2) in-
volving drug-targeting of the surface marker CD163
and CD68 expresses. Macrophages are phagocytic
cells showing versatile functions. They also have
several roles in cellular architecture, tissue remod-
eling, and fibrosis, i.e, TME and tumorigenesis, as
well as regulation of inflammation (induction of
anti-inflammatory activity) as tumor-infiltrating cell
against tumor cell proliferation (Skytthe et al., 2020;
Zhang et al., 2022). CD44 is known as a complex
transmembrane glycoprotein. Its expression has
formerly showed formerly shown to have a close re-
lationship with the morphogenesis of cancer stem

cells (or cytoskeleton) and epithelial-mesenchymal
plasticity as well as roles in tumor cell proliferation,
metastasis, and resistance against chemotherapeu-
tics. Thus, CD44 has a versatile molecule providing
interaction between extracellular matrix (ECM) and
matrix metalloproteinases (MMPs), several growth
factors. It has also played an important function in
the stimulation of receptor tyrosine kinases (RTKs)
while tumor cells proliferating (Ponta et al., 2003;
Xu et al.,, 2015; Primeaux et al., 2022). Basic Fibro-
blast Growth Factor (bFGF) over fibroblast prolif-
eration has a role in fibroblast proliferation due to
being mitogenic agent. There are also several es-
sential roles in regulating cell growth, angiogenesis,
and organizing the tumor microenvironment. bFGF
binds to and activates its tyrosine kinase receptors
during cancer progression. Additionally, there have
been several similar roles as aforementioned in CDs
(Turner and Grose, 2010; Ardizzone et al., 2022).
Transforming Growth Factor-beta (TGF-f) stimulates
tumor cell progression and recruits fibroblasts, oth-
er mesenchymal stem cells, and angioblasts while
undergoing cells to apoptosis and inhibiting T cell
activation, proliferation, differentiation, and migra-
tion. As such, it regulates tumor microenvironment
and immunocyte infiltration (Hao et al,, 2019; Chan
et al,, 2023).

This study aims to evaluate the microenviron-
ment of CTVT tumor cells to understand how it af-
fects molecular expression and disease progression.

Material and Method

Pathological Evaluation of Collected Samples

In total, ten collected samples were the biopsies
fixed in buffered formalin solution, and 10% were
sent to the Department of Pathology, Faculty of
Veterinary Medicine at Kirikkale University, TURKIYE
The samples were selected from eight vaginal and
two clitoral sites, in accordance with the site of le-
sions in female dogs. Tumor suspected-materials
were evaluated suitably to general macroscopic cri-
teria including their size, color, shape, and appear-
ance of the upper and sectional faces of the mass.
Tissue samples were trimmed, passed through eth-
anol and xylol series and liquid paraffin series on
a tissue tracking device (Leica TP1020, Germany),
and blocked in paraffin (Thermo Shandon, EG1150,
Germany). Sections were taken from blocks with a
thickness of 5 microns (Shandon, AS325, Germany).
Tissue sections were stained using the Hematoxylin-
Eosin (H&E) staining method (Luna, 1968).
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Immunohistochemical Analysis

The Avidin-Biotin Complex Peroxidase (ABC-P)
method was utilized to observe changes in the pro-
gression and regression of CTVT and mesenchy-
mal tumor components. The secondary antibody
employed was the Avidin Biotin Complex Peroxi-
dase (ABC-P, HRP/DAB, ab64264, Abcam, France).
CD163, CD68, CD44, TGF-beta, and bFGF expression
was evaluated (Table 1). The ABC-P staining method
was used for the rest of the procedure, following
the instructions provided in the kit. For this pur-
pose, serial sections were taken on 5-micron-thick
adhesive slides. Glass slides were deparaffinized
and dehydrated in Phosphate Buffered Saline (PBS-
pastile, Sigma) by passing through xylol and alco-
hol series. Then, they were gently placed in a citrate
buffer (pH=6.0, 10x concentration, Bioptica-Italy)
solution in the microwave oven to reveal the anti-
gen in the tissue. They were kept at 800 watts for
25 minutes in a microwave oven. To remove the
endogenous peroxidase activity, they were kept
in a 3% hydrogen peroxide-methanol mixture at
room temperature for 5 minutes; and then taken
into a humid chamber. The sections were kept in
a 37°C oven for 25 minutes by dripping a drop of

normal blocking serum on. Primary sera contain-
ing antibodies (aforementioned immunomarkers)
were dripped onto the sections and incubated for
60 minutes in an oven at 37°C. Then, appropriate
secondary antibodies labeled with biotinized and
Horse Radish Peroxidase (HRP) were used and incu-
bated in the incubator (NUve, ENO55, Turkiye) at the
specified temperature and time. At the end of each
step up to herein, tissue sections were washed twice
by PBS at 5 minutes except for post-primary anti-
body dripping. For the reaction to become visible,
3-3'Diaminobenzidine (DAB, Abcam) chromogen
and buffer were gently mixed in good proportion.
The chromogen mixture was dropped on the sec-
tions and waited for 5 minutes. The sections were
washed with distilled water. Finally, Gill's hematoxy-
lin (Bioptica, Italy) was used for background stain-
ing. The slides were passed through ethanol and
xylene series. The slides were covered with a cover-
slip and nonaqueous mounting medium (Entellan®,
Merck, Germany). Findings were evaluated under an
optic Brightfield microscope (Olympus BX51, Japan)
and photographed (Olympus DP25 camera, Japan)
as in other histopathological examinations, and the
results were scored.

Table 1. Antibody panel and detailed information using in immunohistochemical analysis

Antigen retrieval

Markers Trademark Catalog number  Dilution Properties (oH 6.0, Citrate buffer)
CD163 Abcam ab182422 1:200  Polyclonal rabbit IgG Yes
CD68 Abcam ab125212 1:200  Monoclonal rabbit IgG Yes
CD44 Abcam ab189524 1:200  Monoclonal rabbit IgG Yes
TGF-beta Santa Cruz sc-130348 1:200 Monoclonal mouse IgG1 Yes
bFGF Antibodiesonline AA 143 250 1:200  Polyclonal rabbit IgG Yes

Semiquantitative Scoring and Statistical Analysis
of Pathological Data

Serial tissue histosections were examined at x200
magnification to see neoplastic changes after di-
agnosis of CTVT. These criteria included CTVT neo-
plastic cell and clear cell, pleomorphism, mitotic
index, polychromasia, inflammatory cell infiltrations
(neutrophil, macrophage, lymphocyte, and plasma
cell), and spindle cells to be like in fibrocyte and fi-
broblasts in neoplastic tissue in three different areas
of high power fields (HPFs). Histologically, the cells
in histostained sections were counted semiquanti-
tatively. The results were divided into 0 (no finding),
1,2,3,4,5,6 (for cases with lesions, according to the
degree of finding) index slices according to Cingi et
al. (2020). After converting them into equally divided
percentiles and scoring, these data were analyzed

by unpaired-t-test and Wilcoxon test. For immunos-
taining sections, positive cells were counted in three
different areas (or HPFs). Mean and standard error
were calculated for all samples and analyzed with
the one-way ANOVA method and posthoc Tukey
test. Between the criteria of mean and standard
error-values, the statistical difference was evaluated
significantly for p<0.001 (GraphPad Prism 8.0, USA).

Results

Histopathological findings

CTVT cells had polymorphism varying from round
to polygonal shape. These cells contained hypo-
chromatic nuclei and distinct nucleoli or hyperchro-
matic nuclei. Mitotic figures were widespread. Some
of the cells had clear vacuoles and hypochromatic
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nuclei. But, these clear cells were not so evaded in
proliferating tumor cells. Thin fibrous or fibrovascu-
lar stroma was interrupted by CTVT cells in chords
or packages (Figure-1a and b). In some areas, the
periphery of mass, in particular, fibroblasts and fi-
brocytes or spindle-shaped cells covered the micro-

scopic fields. In such areas, of many capillaries and
arterioles were dispersed in connective tissue. In-
flammation gets accorded in CTVT proliferation and
involved neutrophil leucocyte, lymphocyte, macro-
phage, and plasma cells, consecutively (Figure1-c).

Figure 1. (A) In CTVT tumor, clear cells (thick arrow) and inflammatory cells (thin arrow). x200 magnification
H&E staining, (B) CTVT cells showing polygonal to round shape (arrows). x200 magnification, H&E staining.
(C) The bar graph represents histopathological findings scores of Canine Transmissible Venereal Tumor

Immunoexpression Results

CD163 and CD68 expressions were intensive in the
cytoplasm of CTVT cells and clear cells (undergoing
apoptosis or cellular alteration with clear vacuoles).
Spindle-shaped cells were also reacted in cytoplasms
with CD163 and CD68 immunomarker. Some of the
reactions belonged to macrophage and macro-
phage-like cells. However, the reaction was not en-
countered in each microscope field by CD163 and in
some microscope fields by CD68. However, there is
no meaningful statistical difference. Thus, the reac-
tion was not as much as in neoplastic cells. Polymor-
phonuclear cells, lymphocytes, and plasma cells did
not react with both immunomarkers. The reactions
in tumor cells and spindle cells were more dense in
CD163 when compared to those in CD68 (Figure-
2a and b). CD44 expressions were dense in both
cytoplasms of CTVT cells and clear cells. The total
reactions were more than those obtained from other
CDs, TGF-beta, and bFGF markers. The reactions in
these tumor cells were encountered in almost all mi-
croscope fields. However, the reactions in spindle-

shaped cells were less when compared to reactions
obtained from other markers. The last reaction was
obtained by CD44 in spindle cells among all mark-
ers (Figure-2c). The immunohistochemical results
by the TGF-beta marker were almost similar to the
CD163 marker in CTVT cells, clear cells, and spindle-
shaped cells. In other words, there is no meaning-
ful statistical difference when the total cellular com-
ponents were considered. However, the reaction in
spindle cells is found in fibrocyte and fibroblast-like
appearance due to being together with wide colla-
gen bundles. The reaction by the bFGF marker was
similar to the figure of the TGF-beta marker. How-
ever, fibrocyte-fibroblasts and spindle-shaped cells
were more reacted with the bFGF marker (Figure-2d
and e). Tumor cells were also reacted by bFGF mark-
er as much reaction by CDs and TGF-beta markers as
in tumor cells. Thus, there is no statistical difference
at total positive cell counts. However, bFGF immuno-
expression in clear cells undergoing apoptosis and /
or cellular degeneration was not reacted as potential
as in other immunomarkers in CTVT cells and clear
cells. (see in Figure-2f).

Table 2. The mean, standard deviation, and p-values of the immunoperoxidase tests

CD163 CD68 CD44 TGF-beta bFGF P
n m SD n m SD n m SD n m SD n m SD
NeoplasticCell 10 744 455 10 444 149 10 1188 516 10 777 421 10 9 423
Clear Cell 10 10 504 10 1055 455 10 1255 451 10 1255 549 10 3.11 1.85 0.0593
Inflammation 10 0 0 10 0 0 10 0 0 10 0 0 10 044 044
Spindle Cell 10 522 315 10 355 233 10 144 062 10 466 239 10 644 157

Etlik Vet Mikrobiyol Derg,

https://vetkontrol.tarimorman.gov.tr/merkez

Cilt 35, Sayt 1, 2024, 51-57



Anteplioglu T et al. Tumor-microenvironment interaction in canine TVT 55

Figure 2. (A) CD163 positivity in polygonal to round shape tumor cells, immunoperoxidase staining, x200
maghnification, DAB chromogen and counterstaining with Mayer's hematoxylin. (B) CD68 positivity in round
to spindle-like cells, immunoperoxidase staining, x200 magnification, DAB chromogen and counterstaining
with Mayer’s hematoxylin. (C) CD44 positivity in polygonal to round shape cells, immunoperoxidase stain-
ing, x200 magnification, DAB chromogen and counterstaining with Mayer's hematoxylin. (D) bFGF positiv-
ity in polygonal to round shape cells carrying clear vacuoles (red arrows) and fibrocytes and fibroblastic
cells (white arrows), immunoperoxidase staining, x200 magnification, DAB chromogen and counterstaining
with Mayer’'s hematoxylin. (E) TGF-beta positivity in round shape cells having clear vacuoles (red arrows)
and spindle-like cells (white arrows), immunoperoxidase staining, x200 magnification, DAB chromogen and
counterstaining with Mayer’'s hematoxylin. (F) The graph depicts the immunoexpression of CD163, CD68,

CD44, TGF-beta, and bFGF according to cell type.

Discussion

Canine Transmissible Venereal Tumor is a transmis-
sible neoplastic change during coitus between adult
animals. It has been known for over one hundred
years (Alkan et al., 2017; Birhan and Chanie, 2015).
Although many studies are focusing on revealing
several cell characteristics (such as cytogenetic, im-
munophenotypic, apoptotic, histopathologic, ultra-
structural, and biochemical etc.) of the tumor, it has
not been fully elucidated (Mukaratirwa et al., 2003;
Sidha et al., 2015; Birhan and Chanie, 2015; Fl6rez et
al., 2017; Frampton et al., 2018); So, there have been
still some mysterious and dilemma to wait for its ex-
ploration. CTVT cells have ubiquitous morphology:
spindle cells (fibroblast and histiocyte like-cells) and
round to polygonal cells (Cangul, 2001; Thangath-
urai et al., 2008; Ganguly et al., 2016; Ujvari et al.,
2016; Alkan et al., 2017). It is stated that its morphol-
ogy has been related to plasmacytoid, lymphocyt-
oid, and mixed-shaped cells (Florez et al., 2016; Du-

zanski et al., 2017). We also observed this different
morphology and cellular types in tumor parenchy-
ma and microenvironment. The histoarchitecture of
CTVT can be interchangeable from the progression
to the regression phase. At initial, microscope fields
are covered by polygonal-shaped cells. These cells
are intercepted with fibrovascular septum. Later, the
figure of the microscope field can transform into fi-
broblast and spindle cells. In our study, we also ob-
served several round to polygonal-shaped cells and
spindle cells or spindle-like cells in microscope fields
of different cases. In particular, spindle-shaped cells
were covered in the microscope field in a few cases.
As expected, the other histomorphological compo-
nents were accorded with CTVT cell riched-cases in
that cases. Thus, we thought for the general view
of cases constituted the subject of study that they
were in either P or S phases rather than R-phases.
We also thought that some CTVT cell poor-cases
might be transformed into R-phases. Meanwhile,
inflammatory cells (in particular lymphocytes and
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macrophages) can infiltrate tumor parenchyma
during the regressional process (Hiblu et al., 2019;
Setthawongsin et al., 2019). On the other side, CTVT
immunophenotype can be different from cellular
morphology. Some cells represent a dilemma in im-
munoexpressions. It is shown that CTVT tissue can
give immunoexpression in  T-lymphocyte by CD8,
tumor-infiltrating T-lymphocytes (TILs) by CD3, T-
regulatory cells (Treg) by CD4, B-lymphocyte by
CD79 as well as dendritic cells and bone-marrow-
derived stem cells dendritic cells from bone mar-
row by CD1a, CD11c, CD40, CD80, CD83 and CD86
(Shankaran et al., 2001; Pai et al., 2011; Silveira et al.,
2009; do Prado Duzanski et al., 2022).

Indeed, CTVT cells and tumor microenviron-
ment (TME) are always found in complete interac-
tion. Recent documents have been signed to pow-
erfull evidence regarding cellular components and
stromal companents including fibrocyte and vessels
in tumor niche (Hiblu et al,, 2019; Ke et al., 2022).
In this study, we tried to show the role of induced
inflammatory cells as well as CTVT cells and under-
going cellular degeneration in tumor niche in ac-
cordance with the knowledge (Skytthe et al., 2020;
Zhang et al., 2022). Differently from previous docu-
ments, we picked out specific markers to show po-
tent effects in both neoplastic and inflammatory
cells. In the results, fibrovascular stroma, including
spindle-like cells, also gave an expression. In this
context, those macrophages expressed CD163 and
CD68 in CTVT cells and stromal infiltrating cells. We
obtained an expression with CD44 in those cells,
showing formerly their roles in cancer stem cells (or
cytoskeleton) and epithelial-mesenchymal plastic-
ity. Basic Fibroblast Growth Factor (bFGF), mitogenic
agent for fibroangioblast, and Transforming Growth
Factor-beta (TGF-P) recruiting agent for both CTVT
cells and fibroangioblasts gave an expression as
mentioned in CDs (Shankaran et al., 2001; Silveira
et al., 2009; Pai et al., 2011; Turner and Grose, 2010;
Ardizzone et al, 2022; do Prado Duzanski et al.,
2022). In all phases (P, S, and R) of current cases, we
encountered high expressional levels in both CTVT
cells and clear cells. In the P and S phases, clear cells
undergoing apoptosis or degeneration gave rela-
tively more expression by CD163, CD44, and TGF-
beta according to CD68 and bFGF. Inflammatory
cells including lymphocytes (TILs, Treg) and neutro-
phils, did not give an exact result, but histiocyte-like
cells and spindle cells gave less expression by bFGF.
Spindle cells comprising fibrocytes and fibroblasts
and spindle-like cells gave relatively less expression
by CD163, CD68, CD44, and TGF-beta despite much

more in inflammatory cells when compared to in
bFGF. This situation showed us that TGF-beta and
CD44 might co-play a role in the fibrovascular pro-
cess by triggering inflammatory reactions by means
of CD68 expression. Induced- macrophages can
facilitate the interaction between fibrous stromal
components and possibly mesenchymal stem cells
by CD44, CD68b, and FGF expressions. As such, the
development of fibrous tissue of the tumor niche
might realize a transition into R-phase from P and
S phases.

In conclusion, we arrive come to the conclu-
sions: First of all, the CTVT tumor niche is highly
complicated. Round to polygonalshaped cells and
spindle cells, spindle-like cells can interact. This situ-
ation selects destiny; either the tumor regresses or
keeps stable according to undergoing degeneration
and mesenchymal tissue development. Secondly,
excepting out bFGF role, TGF-beta and CD68 can
provide together for stopping tumoral progres-
sion and passing into regression phases. However,
we thought that CD163 did not have a great role
in inducible macrophages as much as CD68. Lastly,
for CTVT cells, CD44 is thought to be more effective
in recruiting of round to polygonal shaped-tumor
cells. CD44 molecule can also be a determination
factor for cells undergoing degeneration in clear
cells. We strongly believe that this study’s results
show that there might be useful showing an im-
portant interaction between tumor cells and mes-
enchymal cells (such as fibroblasts, stem cells, and
bone marrow-resourced inflammatory cells) in tu-
mor stroma. We recommended researchers focus
on such transmissible tumors so that further studies
can be cross-checked together with these studied
markers and several mesenchymal cell markers and
stem cell markers in each of the progression, stable,
and regression phases. The marker results should
definitely be compared between those phases.
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Ozet: Bilimsel calismalarda laboratuvar hayvani kullanimi biiyiik 6nem tasimakta ve énemli bir yer tutmaktadir. In-
vivo calismalarda arastirilanin kesin olarak etkinligini ortaya konulabilmesi icin deneyde kullanilan hayvanlarin turd,
soyu ve yasinin yani sira gevre kosullari gibi pek ¢ok kosul kontrol ve test gruplarinda bir 6rnek hale getirilmektedir.
Calismalarda gastrointestinal sistemin islevi ve buttnliginde, bagisiklik homeostazinin korunmasinda ve konak
enerji metabolizmasinda 6énemli rol oynayan bagirsak mikrobiyotasinin kullanilan deney hayvanlarinda farkhliklar
gosterebilecedi dikkate alinmaldir. Ancak, bu farkhiliklarin calisma sonuglarini olumsuz etkileyebilecegi cogu
zaman gozden kagmaktadir. Bu galismada, bilimsel arastirmalarin dncesinde adaptasyon periyodunda kullaniimak
Uzere laboratuvar hayvanlarinin (rat ve fare) bagirsak mikrobiyotalarinin senkronizasyonunda kullanim potansiyeli
olan probiyotik icerikli yemlerin retimi ve bagirsak mikrobiyotasi lzerine etkinliginin belirlenmesi amaclanmistir.
Analizler neticesinde Uretilen sivi yemlerin muhafaza siresi sonunda toplam aerob genel canli sayisi ve laktik asit
bakteri sayisinin (L. acidophilus ve L. plantarum) 10° kob/ml ulastigi buna karsin koliform bakteri, maya-kif ile diger
patojen mikroorganizmalara rastlanmamistir. Mikrobiyota analizleri neticesinde ise hem fare hem de ratlarda 10
glnlik probiyotikli yem uygulamasinin kontrol gruplari ile 0. glindeki test gruplarina gére bagirsak mikrobiyotasi
kompozisyonu uzerine etkili oldugu ortaya konmustur. Giniimuze kadar yapilan literatir incelemelerinde Tirkiye'de
bu kapsamda bir calisma olmadidi belirlenmistir. Bu baglamda in-vivo calismalar éncesinde deney hayvanlarinin
bu calisma kapsaminda Uretilen probiyotik icerikli yemler ile beslenmesinin hayvanlarin bagirsak mikrobiyotasinin
gelistirilmesine katki sunacagi sonucuna varilmistir.

Anahtar kelimeler: Laboratuvar hayvanlari; L. acidophilus; L. plantarum; mikrobiyota; senkronizasyon

The effect of probiotic feed use on intestinal microbiota in experimental animals

Abstract: Laboratory animals are frequently used in scientific studies and are of great importance. To clearly
demonstrate the effectiveness of the researched in in-vivo studies, many conditions such as the species, lineage and
age of the animals used in the experiment, as well as environmental conditions, should be uniform in the control and
test groups. It should be considered that the intestinal microbiota, which plays an important role in the function and
integrity of the gastrointestinal tract, maintenance of immune homeostasis and host energy metabolism, may differ
in the experimental animals used in studies. However, it is often overlooked that these differences may negatively
affect study results. In this study, it was aimed to produce probiotic-containing feeds which have the potential to
synchronize intestinal microbiota of laboratory animals (rat and mouse) to be used in the adaptation period before
scientific studies and to investigate the effectiveness of feeds on the intestinal microbiota. According to the analysis,
at the end of the storage period of the produced liquid feeds, the total number of general aerobic organisms
and the number of lactic acid bacteria (L. acidophilus and L. plantarum) reached to 10° cfu/ml, however, coliform
bacteria, yeast-mold and other pathogenic microorganisms were not detected. As a result of microbiota analysis, it
was revealed that 10-day probiotic feed application was effective on intestinal microbiota composition in both mice
and rats compared to control groups and 0. day test groups. In the literature reviews carried out to date, it has been
determined that there is no study in this scope in Turkey. In this context, it was concluded that feeding experimental
animals with probiotic-containing feeds that produced within the scope of this study before in-vivo studies will
contribute to the improvement of the intestinal microbiota of the laboratory animals.

Key words: Laboratory animals; L. acidophilus; L. plantarum; microbiota; synchronization
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ise toplam sayinin %73'nd olusturdugu rapor edil-
mistir. Laboratuvar hayvanlarinin refahi da dikkate
alindiginda hayvanlarin saglikli olmalari yapilan ¢a-
hismalarin givenilirligi acisindan biyik 6nem tasi-
maktadir (Anonim 2010; Anonim 2019). Bu kapsam-
da laboratuvar hayvanlarinin tiim fizyolojik sistemle-
rinin saglikh olmasi gerekmektedir. Sindirim sistemi
de bu durumun en 6nemli pargalarindan birini olus-
turmaktadir.

Sindirim sistemi mikrobiyotasi bu sistem iceri-
sinde toplam mikroorganizma sayi ve ¢esidini ifade
eden, hayvanin saglkh olup olmadigini gdsteren,
ayni zamanda hem insanlar hem de hayvanlar igin
hastalik olusturan mikroorganizmalar tasiyip tasi-
madigini anlamamizi saglayan en énemli gosterge-
dir. Bu mikrobiyota canlinin tim metabolizmasini,
fizyolojisini, immunolojik yapisini, hatta davranisla-
rini dahi direk olarak etkilemektedir (Barko ve ark.
2018).

Sindirim sistemi mikrobiyotasi; en ¢cok yemler-
den, cevresel faktorlerden (isi, 1sik vb.), bakim, besle-
me ve yetistiricilik uygulamalarindan (havalandirma,
althik su vb.) etkilenmektedir. Bunlarin sonucu olarak
farkli laboratuvar hayvani yetistirme ve arastirma
birimlerinde hatta ayni birimlerdeki her bir bireyde
biyuk farklliklar gdzlenebilmektedir. Bu hayvanlarin
kullanim alani dikkate alindiginda sindirim sistemi-
nin saglikli ve bir 6érnek (veya benzer) olmamasi ya-
pilan bilimsel calisma verilerini olumsuz bir sekilde
etkiler, bilimsel calismalarin tekrarlanabilir olmasina
imkan tanimaz. En basit bir calismada dahi hayvan-
larin mikrobiyota farkhliklar kontrol ve deney grup-
lari arasindaki verilerin dogrulugunu etkileyebilir.
(McCoy ve ark. 2017).

Laboratuvar hayvanlarinin saglikli olmalari de-
neysel kullanimlari icin en énemli 6n kosuldur. Subk-
linik enfeksiyonlar ayni zamanda zoonoz hastaliklar
agisindan endise yaratmaktadir. Bu durum deney
modellerinin fenotipik varyasyonunu arttirmakta
olup istatistiksel hatalara yol agmakta ve bu nedenle
daha fazla sayida hayvanin gereksiz yere kullanimi
ile; yerine koyma, aritma ve indirgeme (3R kurali) te-
mel kurallarina aykiridir (Nicklas 2008).

Bu bilgiler 1siginda, bir bilimsel ¢alisma &ncesi
kullanilacak hayvanlarin tim dis faktorlerin bir 6rnek
olmasina dikkat edilmesi zorunludur. Bu kapsamda
calismalarda ayni tir, soy, cinsiyet ve yasta hayvanlar
secilir, hayvanlar ayni yemle bir ortamda bakilir. Boy-
lelikle pek cok dis cevresel degisken faktor elimine
edilmis olur. Ancak hayvanlarin i¢ faktorleri olan ba-
girsak mikrobiyotalari senkronize edilmedigi siirece
mevcut sartlarda deneylere, baslama kriterlerinin

saglanmasi yeterli olmayabilir. Genel olarak mikrobi-
yolojik standardizasyon; hayvanlarda bulunan mik-
roorganizma tirlerine ve buna bagli olarak yetistiril-
me ortamlarina gore siniflandirilmasi mikrobiyolojik
durumlarinin belgelendirilmesi esaslarina dayanir.
Bu siniflama, bariyerli spesifik patojen free; (SPF) ve
bariyersiz konvansiyonel (CV) hayvanlar seklindedir.
Mikrobiyolojik standardizasyonun izlenmesi iki se-
kilde yapilmakta olup bunlar bariyer sistemlerinin
kontroll (stre¢ kontroll) ve deney hayvanlarinin
kontrolldir. Bariyer Sistemlerinin Kontroll (Siireg
KontrolQ); hayvanin mevcut mikrobiyolojik kalitesi-
nin korunmasinin yani sira ¢alisanin korunmasi ve
laboratuvar kaynakl enfeksiyonlarin énlenmesi igin
onemlidir. Bununla beraber bu ¢alismanin konusu
olan mikrobiyota senkronizasyonu ile ilgili kapsamli
ve tanimh protokollerin eksikligi gdze ¢arpmaktadir
(Nicklas 2008).

Avrupa ve Amerika'da laboratuvar hayvanlari
Uretimi blyuk ciftliklerde ve Uretim merkezlerinde
yapilmaktadir. Oldukca gelismis teknik alt yapi ve
laboratuvar olanaklarina sahip bu kuruluslar kendi
standartlarini ve kalitelerini denetlemek amaciyla
FELASA'nin (Avrupa Laboratuvar Hayvanlari Bilimi
Dernekleri Federasyonu-Federation of European
Laboratory Animal Science Associations) Onerileri
dogrultusunda ¢esitli mikrobiyolojik kalite kontrol
programlarini izlemektedirler. Ulkemizde de labora-
tuvar hayvani Uretim ve yetistiriciligi alaninda FELA-
SA'nin hazirlamis oldugu rehberler kabul edilmekte-
dir. Ancak Turkiye'de konu ile ilgili sikintilar oldugu
distunitlmektedir (Nicklas 2008; Anonim 2020a;
2020b). Tarim ve Orman Bakanhgi'nin simdiye kadar
verdigi calisma izinleri konvensiyonel Unite iznidir.
Bu nedenle laboratuvar hayvanlarinin mikrobiyolojik
standardizasyonu saglanamamaktadir.

Son yillarda tlkemizde kamu ve 6zel sektorde
laboratuvar hayvani Uretim ve yetistiriciligi yapan
kuruluslarin sayisi artmistir. Turkiye'de 2020 yil iti-
bariyle bilimsel calismalarda toplam 209.212 hayvan
kullanilmis olup bunlarin %17,2 sini rat ve %11,9'unu
fare olusturmustur (Anonim 2021). Ancak burada
onemli olan rakamsal olarak artislar degil refah di-
zeyi yuksek, mikrobiyolojik standartlarin uygulandigi
ve saglik kontrollerin yapildigi tnitelerin bulunmasi-
dir. Tarim ve Orman Bakanligi'nin "Deneysel ve Diger
Bilimsel Amaclar icin Kullanilan Hayvanlarin Refah ve
Korunmasina Dair Yonetmelik” cercevesinde calisma
izni verilen deney hayvani kuruluslari sayisi 192 olup
bunlarin biyik bolimunin Gretim, tedarik ve deney
icin rat ve fare kullandigi ve konvensiyonel 6zellikte
oldugu gorilmektedir (Anonim 2023). Hayvanlarin
patojen mikroorganizmalara karsi korunmalarinda
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bagirsak mikrobiyotasi énemli bir rol oynar. Nor-
mal bagirsak floralarini olusturan bakteri tirlerinin
sayisi kolon iceriklerinde yaklasik olarak 1x10"-101
kob/gram bakteri bulunmaktadir (Lee ve ark. 2013).
Konvensiyonel hayvanlar genellikle hastalik belirtisi
gostermezken enfeksiyon ve paraziter etkenleri ta-
simaktadirlar.

Probiyotikler canli mikroorganizmalar olup
yeterli miktarda ve strede uygulandiklarn takdirde
verildikleri canlida bagirsaklarda kolonize olarak
olumlu saglik etkileri olusturduklari ifade edilmekte-
dir (Anonim 2006; Hill ve ark. 2014). Probiyotiklerin,
enfeksiyonlari 6nleyerek, mide-bagirsak kosullarini
iyilestirerek ve bagisiklik bozukluklarini gidererek
saghgi gelistirme 6zelliklerinin oldugu pek ¢ok calis-
mada gosterilmistir (Wilkins ve Sequoia 2017; Wang
ve ark. 2019). Probiyotiklerin bagirsak butinlugu-
nin korunmasi (Khailova ve ark. 2010) ve bagirsak
mikrobiyal taksonomik yapisinin modulasyonunu
sagladigi belirtilmistir (Ferrario ve ark. 2014; Gar-
gari ve ark. 2016). Probiyotiklerin ana hedefi olan
bagirsak mikrobiyotasinin bagirsak kanali boyunca
degisiklik gosterebildigi ve bagirsaklardaki karmasik
etkilesimler nedeniyle probiyotiklerin etki mekaniz-
masinin mutlaka in-vivo calismalarla desteklenmesi
gerektigi ifade edilmektedir (Farzi ve ark. 2018; Ta-
verniti ve ark. 2021).

Tdm bu bilgiler 1s1ginda, bu calismada diinyada
genel ve kabul edilmis bir standardizasyonu olma-
yan laboratuvar hayvanlarinin (rat ve fare) bagirsak
mikrobiyotalarinin senkronizasyonunun saglanmasi
icin bilimsel calismalar dncesi adaptasyon periyo-
dunda kullaniimak lzere probiyotik icerikli yemlerin
Uretimi ve etkinligi in-vivo olarak arastiriimistir.

Gerec¢ ve Yontem
Probiyotik icerikli yemlerin iiretimi

Mikrobiyota senkronizasyon yemi olarak probiyo-
tik yem Uretimi gerceklestiriimigtir. Uretilen yemler,
kullanim kolayhgi, tiketici talepleri, verimliligi ve
etkinligi g6z 6niinde bulundurularak sivi formda
dretilmistir. Calismada yemlerin formilasyonunun
olusturulmasi, Uretim ydnteminin gelistirilmesi ve
optimizasyon calismalari gerceklestirilmistir.

Yemlere probiyotik kiltir olarak Lactiplantiba-
cillus plantarum ATCC 14917 ve Lactobacillus aci-
dophilus (ATCC 4356) katilarak test grubu (T) yemleri
hazirlanmistir. Yemlere karistirilmak Gzere -18°C'de
tutulan suslar buz icerisinde ¢ozdurildikten sonra
Tryptone Soy Broth'a (TSB, LAB004 Acumedia) geci-
lerek 24 saat 37° C'de inklbe edilmistir. Daha sonra
susun kontrol ve deneyde kullanilacak konsantras-
yonunun belirlenmesi amaciyla De Man, Rogosa &
Sharpe agar (MRS, Merck 64271) kullanilmistir. Bu
kapsamda bir gece TSB'de inkiibe edilen suslar MRS
Agar'a cizme plak metodu ile ekilerek 24-48 saat 37°
C'de anaerob ve aerob ortamda inkiibe edilmistir.
Anaerob kosullarda, inci beyazi koloniler degerlen-
dirilmistir. Yemlere aktif katilmak Gzere ilgili koloni-
lerden tekrar TSB'lere ekimler yapilarak 37° C'de 24
saat inkUibe edilmistir. Miktarin belirlenmesi amaciy-
la da deney glinii tekrar MRS Agar’lara ekimleri ger-
ceklestirilmistir. Miktari belirlendikten sonra yem-
lere ayni miktarda probiyotik verilmesi amaciyla L.
plantarum ve L. acidophilus bakterilerinden 102 kob/
ml olacak sekilde steril tiiplerde hazirliklar tamam-
lanmistir. Probiyotik kaltar ilavesi yapilmamis yem-
ler ise kontrol grubunu (K) olusturmustur. Sivi yem
Uretim basamaklari sirasiyla Sekil 1'de belirtilmistir.

Sekil 1. Sivi yem Uretim basa-
maklari.
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Yemlerin mikrobiyolojik analizleri

Paketlenmis yemlerin muhafaza siiresi basinda ve
sonunda mikrobiyolojik analizleri gerceklestirilmis-
tir. Hazirlanmis yemler probiyotik mikroorganizma
icerdiginden raf dmrii +4°C'de 1 hafta olarak be-
lirlenmistir. Yemlerde gerceklestirilen mikrobiyo-
lojik analizler su sekildedir; Aerob genel canli tayi-
ni (ISO 4833-2), koliform bakteri sayisi (ISO 4832),
Salmonella spp. (ISO 6579), Listeria monocytogenes
(ISO 11290-1), Staphylococcus aureus (ISO 6888-1),
kif-maya sayimi (ISO 21527-2) ve probiyotik mikro-
organizma sayimi (ISO 15214).

Mikrobiyota senkronizasyon yemlerinin deney
hayvanlarina uygulanmasi

Mikrobiyota senkronizasyon yemlerinin etkinlikleri
ve optimal uygulama sirelerinin belirlenmesi ama-
cityla deney hayvani ¢alismalari ve laboratuvar analiz-
leri gerceklestirilmistir. Calismada deney hayvanlari
calismalan Kirikkale Universitesi Hiseyin Aytemiz
Deney Hayvanlari Biriminde etik kurul izni alinarak
gerceklestirilmistir (Etik kurul karar no: 2021-02-08).
Calismada Kontrol (K grup) ve Test (T gruplari, treti-
len her bir yem icin) olarak gruplar olusturulduktan
sonra, erkek ve disi olarak ayri ayri her bir grup igin
9'ar adet 200-250 g agirhiginda, 8-10 haftalik ulusla-
rarasi standartlara uygun sayida Wistar albino rat ve
20-25 g agirliginda 8-10 haftalik BALB/c fare rastge-
le secilmistir. Gruplarin gerekli adaptasyon islemleri
ve slresi (7 glin) tamamlandiktan sonra baslangig
agirliklari kaydedilmis, mikrobiyota analizleri icin
diski 6rnekleri alinmis ve DNA ekstraksiyonlari ger-
ceklestirilmistir.

Sonrasinda hayvanlar belirlenen gruplara goére
(Kontrol ve Test) ad-libitum olarak 10 glnlik peri-
yodlarda 30 giin sureyle standart kontrol yemi veya
mikrobiyota senkronizasyon yemi ile beslenmistir.
Deney periyodu sonunda diski 6rnekleri alinarak
mikrobiyota analizleri tekrarlanmistir. Calisma suresi
sonunda baslangi¢-bitis mikrobiyota sonuclari kont-
rol grubu verileriyle karsilastiriimistir.

Deney hayvanlarinin mikrobiyota analizleri

Bu kapsamda steril pens ve kasik yardimiyla taze
diski 6rnekleri kontrol ve test gruplarina ait fare ve
ratlardan alinarak steril kaplara konulmus ve analiz
icin soguk zincir altinda laboratuvara tasinmistir.

Orneklerden DNA izolasyonu

Diski 6rneklerinden genomik DNA izolasyonu Qui-
ck-DNA TM Fungal/Bacterial Miniprep Kit (Zymo Re-
search, Cat. No: D6005) kullanilarak yapilmistir. izole

edilmis DNA'nin miktar ve safligi florometrik olarak
QUBIT3™ ile tayin edilmistir (Thermo Fisher Scienti-
fic, Wilmington, DE, USA).

16s rRNA V3-V4 boélgesinin amplifikasyonu

Tir tayininde kullanilacak olan 16s rRNA genine ait
V3-V4 bolgeleri tniversal 341F-805R primer dizileri
ile SimpliAmp™ Thermal Cycler kullanilarak ampli-
fiye edilmistir. Kullanilan primer dizileri ve PCR ko-
sullari asagida verilmistir (Thermo Fisher Scientific,
Wilmington, DE, USA).

Primer dizileri
341F: CCTACGGGNGGCWGCAG
805R: GACTACHVGGGTATCTAATCC

PCR kosullari

95°C 10 dakika — ilk denaturasyon (HS enzim kulla-
nilmistir), 35 déngi:

- 95°C for 30 saniye - denaturasyon
- 53-48°C for 30 saniye — annealing (touchdown PCR)

- 72°C for 15 saniye — extension, sicaklik 4°C'ye di-
strtltp PCR tamamlanmistir.

Kitiiphane hazirlama ve dizileme islemi

16s rRNA V3-V4 amplikon drlnleri igin kitlphane
hazirlama Nextera XT DNA Library Prep Kit (lllumina,
San Diego, CA, Cat. No.: FC-131-1096) ile index isle-
mi ise TG Nextera XT Index Kit v2 Set A (96 Indices,
384 Samples), (Illumina, San Diego, CA, Cat. No.: TG-
131-2001) ile gergeklestirilmistir. PCR purifikasyonu-
AMPure XP beads ile yapilmistir (Beckman Coulter,
High Wycombe, UK). Dizileme islemi lllumina'nin
Miseq platformu ile paired-end (PE) 2x150 bazlk
okumalar olarak yapilmistir. Ornek bagina minimum
> 50.000 okuma yapilmistir.

Ham verinin biyoinformatik analizi

Ham veri okumalar (FASTQ) QC kontrol yapilmis,
trim edilmis ve Kraken Metagenomik sistemi ile OTU
siniflarina ayrilmistir. Kraken uygulamasi, yiksek
hassasiyet ve hizda kisa DNA sekanslarina takso-
nomik etiketler atarak gerceklestirilmistir (Wood ve
Salzberg 2014).

Bulgular

Yemlerin muhafaza suresince raf dmrinln belir-
lenmesi ve mikrobiyolojik kalitesinin takibi amaciy-
la mikrobiyolojik analizler gerceklestirilmistir. Buna
gore yemlerin yedinci giin sonunda toplam aerob
genel canli sayisi ve laktik asit bakteri sayisi (L. aci-
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dophilus ve L. plantarum) 10° kob/ml olarak belir-
lenmistir. Analizlerde koliform bakteri, maya-kif ile
diger patojen mikroorganizmalara (Salmonella spp.,
L. monocytogenes ve S. aureus) rastlanmamistir.

Mikrobiyota analiz sonuglari

Mikrobiyota analizlerinde o6rnekler deney grup-
larina gore analiz sonuclari asagida belirtilmistir.
Deney gruplari numaralandiriimis olup buna gore;
KF10- Kontrol fare grubu 10. giin analiz sonugclari-
ni; TF10- Test fare grubu 10. glin analiz sonugclari-
ni; KFO- Kontrol fare grubu 0. glin analiz sonucla-
rini; TFO- Test fare grubu 0. GUn analiz sonuglarin;
KR10- Kontrol rat grubu 10. glin analiz sonuglarini;
TR10- Test rat grubu 10. glin analiz sonuclarini; KRO-
Kontrol rat grubu 0. glin analiz sonuglarini; TRO- Test

Tablo 1. Deney gruplarinin dizileme istatistigi

Okuma Ortalama okuma

Grup no sayisi uzunlugu Siniflanmis okuma
KF10 34088 149.7 33931 /99.54%
TF10 21935 149.7 21839/ 99.56%
KFO 26444 149.7 26319 /99.53%
TFO 42432 145.7 40345 / 95.08%
KR10 25087 133.9 20737 / 82.66%
TR10 15458 149.6 15356 / 99.34%
KRO 24530 149.9 24465 / 99.74%
TRO 23282 149.9 23233 /99.79%

Tablo 2. Deney gruplarinin taksonomi istatistigi

Tiir Seviyesinde Cesitlilik

Shannon Index

o 4 . - Grup no Simpson Indeks (1-D)
rat grubu 0. giin analiz sonuclarini temsil etmektedir. (H) /(H/LN (N))
. . . . . KF10 4154 /0.717 0.9721
Simpsons indeksi 0-1 arasinda bir deger alir. 1 TF10 368/ 0.6129 0.9425
cesitliligi, 0 ise cesitlilik yok anlamina gelmektedir ve 68/0. ’
shannon indeksi genellikle 1,5-3,5 arasinda bir de- ~ KFO 4:2961/0:7226 0.9756
ger alir ve bu indeks arttikca cesitlilik de artmaktadir. ~ TFO 3.779 / 0.631 0.9386
KR10 4.145 / 0.6959 0.9616
TR10 3.741/0.6578 0.9441
KRO 4316 /0.7156 0.9756
TRO 4.206 / 0.7245 0.9745
Tablo 3. Fare ve Rat test gruplarina gére taksonomik dagilimlar
Test gruplarina gore oran (%)
Krallik
KFO TFO KF10 TF10 KRO TRO KR10 TR10
Bacteria 100.0 99.98 100.0 100.0 99.97 99.99 99.9 99.91
Archaea 0.0 0.01 0.0 0.0 0.02 0.01 0.06 0.08
Eukaryota 0.0 0.0 0.0 0.0 0.01 0.0 0.04 0.01
Tablo 4. Fare test gruplarina gore filum seviyesinde taksonomik dagilimlar*
KFO TFO KF10 TF10
Filum %  Filum % Filum %  Filum %
Firmicutes 52.04 Firmicutes 50.5 Firmicutes 64.36 Bacteroidetes 64.01
Bacteroidetes 31.33 Bacteroidetes 41.52 Bacteroidetes 28.14 Firmicutes 30.63
Proteobacteria 12.61 Proteobacteria 5.58 Proteobacteria 6.02 Proteobacteria 3.65
Tenericutes 1.78 Actinobacteria 1.02 Actinobacteria 0.87 Actinobacteria 0.73
Actinobacteria 1.67 Tenericutes 1.02 Spirochaetes 0.17 Tenericutes 0.45
Chloroflexi 0.25 Chloroflexi 0.12 Tenericutes 0.15 Chloroflexi 0.22
Cyanobacteria 0.08 Cyanobacteria 0.05 Chloroflexi 0.06 Cyanobacteria 0.12
Candidatus 0.05 Candidatus 0.04 Coprothermobacterota 0.04 Spirochaetes 0.07
saccharibacteria "7 saccharibacteria ’ g " det PP " oo
Thermotogae 0.05 Spirochaetes 0.03 emma tmonadetes ’ anctomycetes ’
. ) Candidatus . .
Deferribacteres 0.04 Gemmatimonadetes 0.02 saccharibacteria 0.03  Verrucomicrobia 0.01

* Orneklerdeki en yiiksek okuma dizisi bulunan ilk 10'a ait tablo verilmistir.
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Tablo 5. Rat test gruplarina gore filum seviyesinde taksonomik dagilimlar*

KRO TRO KR10 TR10
Filum % Filum % Filum % Filum %
Firmicutes 69.03 Firmicutes 67.88 Firmicutes 59.54  Bacteroidetes 44.09
Bacteroidetes 14.66  Bacteroidetes 24.42 Bacteroidetes 31.83  Firmicutes 44.06
Proteobacteria 12.97 Proteobacteria 4.26 Proteobacteria 5.79  Proteobacteria 6.74
Actinobacteria 1.96  Tenericutes 1.65 Actinobacteria 1.03  Verrucomicrobia 2.28
Tenericutes 0.83  Actinobacteria 1.14 Spirochaetes 0.96 Actinobacteria 2.21
Spirochaetes 0.19  Chloroflexi 0.21 Tenericutes 0.33  Tenericutes 0.41
Chloroflexi 0.12  Spirochaetes 0.15 Chloroflexi 0.09  Basidiomycota 0.07
Candidatus 0.08  Planctomycetes 0.13 Elusimicrobia 0.07  Cyanobacteria 0.04
saccharibacteria . . .
Gemmatimonadetes 003 Cyanobacteria 0.04 VerruFomlcrobla 0.05 Armatimonadetes  0.03
Candidatus .
Verrucomicrobia 0.02  Armatimonadetes  0.03 thermoplasmatota 0.04  Deferribacteres 0.02

* Orneklerdeki en yiiksek okuma dizisi bulunan ilk 10'a ait tablo verilmistir.

Tablo 6. Fare test gruplarina gore sinif seviyesinde taksonomik dagihmlar*

KFO TFO KF10 TF10

Sinif % Sinif % Sinif % Sinif %
Clostridia 43.86 Clostridia 41.96 Clostridia 55.41 Bacteroidia 63.61
Bacteroidia 31.11 Bacteroidia 4048 Bacteroidia 27.65 Clostridia 22.26
Epsilonproteobacteria 7.22 Bacilli 7.6 Bacilli 7.55  Erysipelotrichia 4.21
Bacilli 5.17 Epsilonproteobacteria 2.97 Gammaproteobacteria 3.08 Bacilli 3.35
Erysipelotrichia 2.89 Gammaproteobacteria 1.6 Epsilonproteobacteria 1.88 Gammaproteobacteria 1.61
Mollicutes 1.66 Flavobacteriia 1.18 Erysipelotrichia 1.06 Flavobacteriia 1.28
Gammaproteobacteria 1.4  Mollicutes 0.76 Actinomycetia 0.62 Deltaproteobacteria 0.5
Coriobacteriia 1.27 Alphaproteobacteria 0.7 Flavobacteriia 0.47 Betaproteobacteria 043
Alphaproteobacteria  1.27  Coriobacteriia 0.57 Deltaproteobacteria 0.4  Mollicutes 043
Flavobacteriia 1.25  Erysipelotrichia 0.51 Betaproteobacteria 0.38 Coriobacteriia 0.35

* Orneklerdeki en yiiksek okuma dizisi bulunan ilk 10'a ait tablo verilmistir.

Tablo 7. Rat test gruplarina gore sinif seviyesinde taksonomik dagilimlar*

KRO TRO KR10 TR10

Sinif %  Sinif % Sinif %  Sinif %
Clostridia 57.4 Clostridia 53.12 Clostridia 49.88 Bacteroidia 41.56
Bacteroidia 14.02 Bacteroidia 24.68 Bacteroidia 30.11 Clostridia 36.01
Gammaproteobacteria 7.72 Bacilli 10.39 Bacilli 8.01 Bacilli 533
Erysipelotrichia 5.69 Gammaproteobacteria 3.0 Gammaproteobacteria 2.09 Erysipelotrichia 4.31
Bacilli 5.53 Erysipelotrichia 2.91 Flavobacteriia 2.06 Gammaproteobacteria 3.66
Deltaproteobacteria 2.59 Negativicutes 1.58 Alphaproteobacteria 1.84 Verrucomicrobiae 2.45
Negativicutes 1.81 Mollicutes 1.46 Deltaproteobacteria 1.24 Coriobacteriia 2.16
Coriobacteriia 1.46 Coriobacteriia 0.45 Spirochaetia 0.99 Negativicutes 1.12
Alphaproteobacteria  0.98 Deltaproteobacteria 0.32 Negativicutes 0.94 Betaproteobacteria 0.69
Flavobacteriia 0.83 Alphaproteobacteria 0.27 Erysipelotrichia 0.85 Alphaproteobacteria 0.57

* Orneklerdeki en yiiksek okuma dizisi bulunan ilk 10'a ait tablo verilmistir.

Etlik Vet Mikrobiyol Derg, https://vetkontrol.tarimorman.gov.tr/merkez Cilt 35, Sayt 1, 2024, 58-69



64

Ayaz ND ve ark. Deney hayvanlarinda probiyotikli yem kullaniminin bagirsak mikrobiyotastna etkisi

Tablo 8. Fare test gruplarina gore sira seviyesinde taksonomik dagilimlar*

KFO TFO KF10 TF10

Sira %  Sira % Sira %  Sira %
Eubacteriales 43.82 Eubacteriales 42.02 Eubacteriales 55.52 Bacteroidales 61.51
Bacteroidales 30.65 Bacteroidales 40.01 Bacteroidales 27.18 Eubacteriales 22.29
Campylobacterales ~ 7.25 Lactobacillales 7.31 Lactobacillales 6.51  Erysipelotrichales 4.23
Lactobacillales 451 Campylobacterales 2.97 Campylobacterales ~ 1.89 Lactobacillales 3.04
Erysipelotrichales 2.9 Flavobacteriales 1.19 Pseudomonadales 1.61 Marinilabiliales 2.4
Acholeplasmatales 148 Cellvibrionales 0.69 Erysipelotrichales 1.07 Flavobacteriales 1.29
Eggerthellales 1.26 Eggerthellales 0.56 Bacillales 1.04 Enterobacterales 0.6
Flavobacteriales 1.26  Marinilabiliales 0.56 Enterobacterales 0.77  Cellvibrionales 0.49
Hyphomicrobiales 0.92 Rhodospirillales 0.54 Marinilabiliales 0.52  Burkholderiales 04
Desulfovibrionales 0.72  Acholeplasmatales 0.52 Flavobacteriales 0.47 Eggerthellales 033
* Orneklerdeki en yiiksek okuma dizisi bulunan ilk 10'a ait tablo verilmistir.

Tablo 9. Rat test gruplarina gore sira seviyesinde taksonomik dagilimlar*

KRO TRO KR10 TR10

Sira % Sira % Sira % Sira %
Eubacteriales 59.78 Eubacteriales 53.01 Eubacteriales 49.68 Bacteroidales 40.29
Bacteroidales 14.7  Bacteroidales 24.67 Bacteroidales 30.16 Eubacteriales 3453
Erysipelotrichales 5.97 Lactobacillales 8.01 Lactobacillales 5.94  Erysipelotrichales 4.18
Lactobacillales 4.16  Erysipelotrichales 292 Flavobacteriales 2.07 Lactobacillales 4.11
Myxococcales 2.06 Bacillales 2.38 Bacillales 206 ﬁf]lcrf:g (r)t{::tseesd?sr der 5,
Enterobacterales 183 Cellvibrionales 202 Rhodospirillales 171 Verrucomicrobiales 2.38
Sl LG5 ACT DA 1% Desulfovibrionales 1.13  Pseudomonadales 2.09
Flavobacteriales 0.87  Acholeplasmatales 1.12 Spirochaetales 099  Coriobacteriales 198
Selenomonadales  0.85  Eggerthellales 0.36 Erysipelotrichales 085  Bacillales 101
Pasteurellales 083 Pasteurellales 0.35 Selenomonadales  0.65 Acidaminococcales 0.87
* Orneklerdeki en yiiksek okuma dizisi bulunan ilk 10'a ait tablo verilmistir.

Tablo 10. Fare test gruplarina gore aile seviyesinde taksonomik dagilimlar*

KFO TFO KF10 TF10

Aile %  Aile % Aile %  Aile %
Lachnospiraceae 28.52 Lachnospiraceae 29.6 Lachnospiraceae 39.57 Prevotellaceae 26.82
Muribaculaceae 10.83 Prevotellaceae 20.14 Muribaculaceae 11.76 Lachnospiraceae 15.83
Oscillospiraceae 10.57 Muribaculaceae 10.89 Oscillospiraceae 8.94 Bacteroidaceae 13.13
Helicobacteraceae 7.95 Oscillospiraceae 6.59 Prevotellaceae 6.95 Muribaculaceae 12.37
Prevotellaceae 7.7 Lactobacillaceae 6.56 Lactobacillaceae 5.57 Oscillospiraceae 5.41
Bacteroidaceae 6.11 Bacteroidaceae 414 Bacteroidaceae 5.35 Erysipelotrichaceae 4.86
Lactobacillaceae 3.56 Helicobacteraceae 3.13 Eubacteriaceae 2.82 Marinilabiliaceae 2.77
Erysipelotrichaceae 3.19 Eubacteriaceae 2.12 Helicobacteraceae 2.05 Rikenellaceae 2.66
Clostridiaceae 2.13 Rikenellaceae 2.08 Rikenellaceae 1.46 Lactobacillaceae 2.63
Rikenellaceae 1.82 Clostridiaceae 1.82 Clostridiaceae 141 Tannerellaceae 1.84

* Orneklerdeki en yiiksek okuma dizisi bulunan ilk 10'a ait tablo verilmistir.
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Tablo 11. Rat test gruplarina gore aile seviyesinde taksonomik dagilimlar*
KRO TRO KR10 TR10
Aile % Aile % Aile % Aile %
Lachnospiraceae 31.64 Lachnospiraceae 26.62 Lachnospiraceae 24.05 Lachnospiraceae 21.31
Oscillospiraceae 18.73 Oscillospiraceae 16.33 Prevotellaceae 20.71 Prevotellaceae 19.53
Prevotellaceae 11.55 Prevotellaceae 15.32 Oscillospiraceae 19.58 Muribaculaceae 16.82
Erysipelotrichaceae 6.58 Muribaculaceae 7.76 Muribaculaceae 7.71 Oscillospiraceae 9.38
Clostridiaceae 5.0 Lactobacillaceae 6.42 Lactobacillaceae 5.08 Erysipelotrichaceae  4.37
Muribaculaceae 2.53 Clostridiaceae 3.38 Clostridiaceae 2.54 Rhodothermaceae 3.68
Lactobacillaceae 2.46 Erysipelotrichaceae  2.93 Acetobacteraceae 1.84 Akkermansiaceae 2.48
Enterobacteriaceae 1.86 Bacillaceae 2.29 Bacillaceae 1.71 Lactobacillaceae 2.41
Bacillaceae 1.67 Spongiibacteraceae 2.2 Bacteroidaceae 1.67 Coriobacteriaceae 1.98
Peptostreptococcaceae 1.6 Eubacteriaceae 1.75 Desulfovibrionaceae 1.23 Bacteroidaceae 1.82
* Orneklerdeki en yiiksek okuma dizisi bulunan ilk 10'a ait tablo verilmistir.
Tablo 12. Fare test gruplarina gore cins seviyesinde taksonomik dagihmlar*
KFO TFO KF10 TF10
Cins %  Cins % Cins %  Cins %
Helicobacter 8.88 Prevotella 20.63 Duncaniella 871 Prevotella 24.85
Prevotella 7.43  Lachnoclostridium 8.09 Lachnoclostridium 8.69 Bacteroides 13.24
Bacteroides 6.83 Duncaniella 7.89 Anaerocolumna 7.45  Phocaeicola 11.47
Lachnoclostridium 6.23  Bacteroides 436 Prevotella 7.24  Duncaniella 793
Duncaniella 5.95 Anaerotignum 4.26 Bacteroides 5.8  Lachnoclostridium 33
Muribaculum 3.82 Lactobacillus 3.92 Butyrivibrio 4.0 Alkalitalea 2.79
Phocaeicola 3.78 Helicobacter 33 Fastidiosipila 3.7 Alistipes 2.68
Ruminococcus 3.78 Coprococcus 2.65 Eubacterium 2.93  Muribaculum 2.26
Fastidiosipila 3.27 Mediterraneibacter 2.52 Lactobacillus 2.83  Ruminococcus 2.16
Anaerotignum 2.98 Fastidiosipila 2.27 Muribaculum 2.62 Mediterraneibacter 2.12
* Orneklerdeki en yiiksek okuma dizisi bulunan ilk 10'a ait tablo verilmistir.
Tablo 13. Rat test gruplarina gore cins seviyesinde taksonomik dagilimlar*
KRO TRO KR10 TR10
Cins %  Cins % Cins %  Cins %
Prevotella 11.14  Prevotella 13.28 Prevotella 20.39 Prevotella 14.79
Lachnoclostridium 9.96 Lachnoclostridium 6.12 Ruthenibacterium 5.28 Duncaniella 13.21
Ruminococcus 6.04 Ruminococcus 6.01 Ligilactobacillus 4.57  Anaerostipes 9.3
Lacrimispora 496 Duncaniella 5.38 Muribaculum 448 Rhodothermus 422
Clostridium 4.71  Blautia 5.09 Oscillibacter 3.59 Ruthenibacterium 3.71
Fastidiosipila 3.85 fastidiosipila 3.87 Lachnoclostridium 3.01 Anaerocolumna 3.55
Faecalitalea 3.56 Ligilactobacillus 3.61 Duncaniella 2.7  Akkermansia 2.84
Mediterraneibacter ~ 2.77  Ruthenibacterium 2.94 Ruminococcus 2.64  Faecalitalea 2.73
Intestinimonas 2.44  Oceanicoccus 2.42 Intestinimonas 2.61 Muribaculum 2.65
Anaerostipes 2.28  Clostridium 2.36 Flavonifractor 2.59 Lacrimispora 2.57

* Orneklerdeki en yiiksek okuma dizisi bulunan ilk 10'a ait tablo verilmistir.
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Tablo 14. Fare test gruplarina gore tir seviyesinde taksonomik dagilimlar*

KFO TFO KF10 TF10
Tiir %  Tiir % Tiir %  Tiir %
Hel/i)clochter 753  Prevotella dentalis 20.5 Prevotella dentalis 7.05 Prevotella dentalis 14.81
typhlonius ’ ’
P l_u . . . Duncaniella dubosii 6.5 Prevotella sp. WR041 12.14
Duncaniella dubosii 4.26 Clostridium scindens ~ 7.34 e
R ) Lachnoclostridium . .
Fastzdz.os.Lpzla 40p Anaerotignum - phocaeense 5.57 Phocaeicola dorei 8.55
sanguinis proplionicum Fastidiosipila . "
. 521 D lla dub 5.34
Prevotella sp. WR041  3.89 Duncaniella dubosii 5.19 sanguinis uncanteta ausostt
Clostridium Phocaeicola
Prevotella dentalis 3.88 Coprococcus comes 3.15 hylemonae 417 coprophilus 5.32
Anaerotignum e . Eubacterium . . .
propionicum 3.85 Fastidiosipila sanguinis 2.86 cellulosolvens 4.11  Bacteroides uniformis  4.43
Ruminococcus 369 CEubacterium 266 AR €2 3.34 Alkalitalea saponilacus 3.64
champanellensis cellulosolvens I(EITlTWb . umi
o ) Helicobacter elicobacter uminococcus
Clostridium scindens ~ 3.45 apodernus 2.62 apodemus 3.08 champanellensis 24
. . . Ruminococcus,
Bacteroides uniformis  2.99 Prevotella sp. WR041  2.56 Bacteroides uniformis  2.71 {orqu o5 } 235
Clostridium 276 Lachnoanaerobaculum 246 Anqerocqlumna 27 Bacteroides caccae 218
hylemonae umeaense sedimenticola
* Orneklerdeki en yiiksek okuma dizisi bulunan ilk 10'a ait tablo verilmistir.
Tablo 15. Rat test gruplarina gore tir seviyesinde taksonomik dagilimlar*
KRO TRO KR10 TR10
Tar % Tiir % Tar % Tir %
Ruminococcus 5.49 Prevotella copri 7.09 Prevotella copri 13.86 Prevotella copri 15.8
champanellensis . Ruthenibacterium .
, Ruminococcus . 7.13 Anaerostipes hadrus ~ 12.12
Prevotella copri 542 . 5.36 lactatiformans
- champanellensis Rhodothermus
Ll ora 5.16 Fastidiosipila sanguinis 5.22 Hivioisll Getsios ) marinus >>7
saccharolytica - : .
Fastidiosipila ) Intestinimonas 352 Ruthenibacterium 49
sanguinis 4.64  Prevotella dentalis 442 butyriciproducens "% lactatiformans :
Faecalitalea 428 Ruthenibacterium 396 Flavonifractor plautii 35 Ar;[ae[roc_[olqmna 447
cylindroides "% lactatiformans : e cellutostlytica
Lachnoclostridium 40g Clostridium 356 Fastidiosipila 31 Akkermansia 3.76
phocaeense =% hylemonae ‘ 7{"“9“’”‘5 o ;__”“C‘”[‘Ph[‘[a
o . Oceanicoccus omagataeibacter aecalitalea
Clostridium scindens ~ 4.24 sagarmiensis 3.26 rhaeticus 2.84 cylindroides 36
Clostridium 337 Intestinimonas 315 Flintibacter sp. 261 Lacrimispora 319
hylemonae " butyriciproducens ‘ EGM B0OT64 saccharolytica
Intestinimonas . .. uminococcus . .
butyriciproducens 2.95 Anaerobutyricum hallii 2.59 champanellensis 2.49 Collinsella aerofaciens 2.99
Clostridium sp. Paraprevotella Clostridium L .
SY8579 2.62 xvlaniphila 2.48 hylemonae 2.19 Fastidiosipila sanguinis 2.73

* Orneklerdeki en yiiksek okuma dizisi bulunan ilk 10'a ait tablo verilmistir.

Tartisma ve Sonug

In-vivo calismalarda arastirilanin kesin olarak etkinli-
gini ortaya koyabilmek icin deneyde kullanilan hay-
vanlarin tird, soyu ve yasinin yani sira ¢evre kosullari
gibi pek cok kosul kontrol ve test gruplarinda bir 6r-
nek hale getirilmektedir. Boylelikle deney sonucun-
da test ve kontrol gruplarindan elde edilen sonug-
lar arasindaki farkin tek degisken oldugu dustinilen
uygulamadan kaynaklandidi varsayilmaktadir. Ancak

bu deneylerde gastrointestinal sistemin islevi ve bi-
tinligunde, bagisiklik homeostazinin korunmasinda
ve konak enerji metabolizmasinda énemli bir rol oy-
nayan bagirsak mikrobiyotasinin (Pflughoeft ve Ver-
salovic 2012) kullanilan deney hayvanlarinda farkli-
liklar gosterebilecegi bu durumun ise ¢alisma sonug-
larini olumsuz etkileyebilecedi cogu zaman gdzden
kagmaktadir. Yapilan calismalar, bir dizi faktorin mik-
robiyotada bazi degisikliklere neden olabilecegini
gostermistir. Bunlarla sinirli olmamak tzere bagirsak
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mikrobiyotasini modiile edebilen faktorler arasinda,
Uretici/satici (tek bir Uretici icindeki farkli tesisler da-
hil), beslenme, altlik tipi, barinak muhafazasi, nakli-
ye, terapotik midahale, su, dekontaminasyon yon-
temleri ve ¢cogaltma yer almaktadir (Ericsson ve ark.
2015; Rasmussen ve ark. 2019). Dolayisiyla 6zellikle
farkli Ureticilerden temin edilen deney hayvanlariyla
yapilan calismalar dncesinde kullanilan hayvanlarin
mikrobiyotalarinin senkronize edilmesinin galisma-
larin glvenilirligi acisindan énemli oldugu dustinil-
mektedir. Yapilan deneysel gozlemler probiyotiklerin
bagirsak mikrobiyomunun yapisini ve genel metabo-
lik islevini etkileyebilecegini 6ne stirmektedir (Lava-
sani ve ark. 2010; McNulty ve ark. 2011). GlUnimdiizde
yeni nesil dizileme, kemirgen kolonilerinde var olan
karmasik mikrobiyal florayl daha iyi karakterize edi-
lebilinmesine ve bagirsak mikrobiyotasindaki farkli-
liklari disaridan mudahaleler ile iliskilendirilmesine
imkan tanimaktadir (Franklin ve Ericsson 2020). Bu
baglamda probiyotik uygulamasi ile deney hayvan-
larinin mikrobiyotasinin senkronize edilebilecegdi hi-
potezi Gizerine bu calisma kurgulanmistir.

Yapilan analizler neticesinde calisma 6ncesinde
farelerde kontrol (KFO: %52) ve test (TFO: %50) grup-
larinda mikrobiyotanin dominant florasinin filum
dizeyinde Firmicutes'ten olustugu gozlenmis olup
calismanin 10. glniinde kontrol grubunda (KF10)
bu dengenin yine %64 ile yine Firmicutes yoniinde
oldugu buna karsin test grubunda ise (TF10) Bac-
teroidetes'in %64 oranina yukselirken Firmicutes'in
%30,6'ya geriledigi gozlenmistir. Bu degisim rat de-
ney gruplarinda da benzer sekilde tespit edilmistir.
Analiz sonuglarinda gorilecedi gibi sinif, sira, aile
ve cins dlzeyinde yapilan degerlendirmelerde hem
fare hem de ratlarda probiyotik uygulamasinin mik-
robiyotanin kompozisyonu Uzerine etkili oldugu or-
taya konmustur. Bununla beraber sonuglar incelen-
diginde olusan farklarin fare ve ratlar arasinda farkli-
lik gosterebildigi gibi ayni hayvanlarda sinif, aile, cins
ve tr dlzeyinde de farkliliklar olabildigi gorilmek-
tedir. Bu agidan daha kapsamli arastirmalarin faydali
olacag dustinulmektedir.

Tar dizeyinde yapilan degerlendirmede, fare-
de en yuksek oranda tespit edilen Prevotella den-
talis ve ratta Prevotella copri disinda diger tirlerin
sayilarinda 6nemli degisikliklerin oldugu g6zlenmis-
tir. Sayisinda azalma gorilen bakterilerin arasinda
Clostridium ve Helicobacter olmasi dikkat cekicidir.
Kemirgenlerde helikobakterlerin, 6zellikle de Helico-
bacter hepaticus ve Helicobacter bilis'in, enflamatuar
bagirsak hastaligi modellerinde yangida provokator
olarak gorev yaptiklari cesitli arastirmalarda gosteril-
mistir (Fox 2007; Jergens ve ark. 2007). Bu sonuclara

istinaden bu durumun 6zellikle bazi deneysel calis-
malarda problem yaratabilecegi diistinilmektedir.

Antibiyotik tedavisi ile eszamanli olarak veya fa-
relerin antibiyotik tedavisini takiben iyilesme asama-
sinda probiyotiklerin etkisinin inceledigi bir calisma-
da, probiyotiklerin bagirsagdi kolonize etmedigi veya
bagirsak mikrobiyotasinin genel cesitliligini degistir-
medigi tespit edilmistir. Bununla birlikte, probiyotik
takviyesinin, mevcut olan bakteri tlrlerini dnemli
olctide degistirdigi belirtiimektedir. Ozellikle iyiles-
me fazi sirasinda probiyotiklerin, Enterobacteriacea-
e'nin (Shigella ve Escherichia) baskilanmasina neden
olurken, 6zellikle Anaerotruncus cinsinden Firmicu-
tes'in artisini tesvik ettigi bildirilmistir (Grazul ve ark.
2016). Ayni calismada, kontrol gruplarinda ozellikle
Firmicutes ve Bacteroidetes baskin profilleri olarak
belirlenmistir. Ayrica probiyotik ilavesi sonrasinda
bu sonuglar bizim calisma sonuclarimiz ile buyik
oranda benzerlik gostermektedir. Bununla beraber
calismamizda Firmicutes baskinliginin Bacteroite-
des’e oranla ¢ok daha yiiksek oldugu belirlenmistir.

Calismada ayni hayvan tiirlerine ait gruplar ken-
di icinde bir uyum gosterse de fare ve rat mikrobi-
yotalarinin tir dizeyinde farkhilik gosterdigi tespit
edilmistir. Bu durum diger arastirmacilar tarafindan
da tespit edilmis olup bagirsak mikrobiyotasinin
genetik ve cinsiyete gore degisiklik gosterebilece-
gi belirtilmistir (Benson ve ark. 2010). Franklin ve
Ericsson (2020) her ne kadar deney amaciyla kul-
lanilan rodentlerin sindirim sistemi mikrobiyotala-
ri_hakkinda sinirli bilgi sahibi olsak da hayvanlarin
mikrobiyotalarinin karmasik ve kapsamli varyasyon-
lar icerdigini belirtmislerdir. Bir baska calismada ise
deney hayvanlarinin sadece kalitsal olarak aldiklari
bagirsak mikrobiyotasina bagli olarak maruz birakil-
diklari hastaligin ciddiyetinin degistigi belirlenmistir.
Bu durumun kemirgen kolonilerinde bulunan farkli
mikrobiyotalarin fenotipik farkliliklara da neden ola-
bilecegini gostermesi agisindan 6nemli bulunmus-
tur (Hart ve ark. 2017). Bir fenotipik etkinin konakgl
genotipinden mi, mikrobiyotadan mi yoksa ikisinin
kombinasyonundan mi kaynaklandigini belirlerken
deneysel kurulum kritik 6neme sahip oldugu be-
lirtilmektedir. Deneysel degiskenligi azaltmak, tek-
rarlanabilirligi artirmak ve dogru biyolojik yorumlar
yapmay! saglayacak anlamli bilimsel veriler elde
etmek igin, yalnizca mikrobiyota-bagisiklik sistemi
etkilesimlerini dogrudan arastiranlara degil, tim
deneysel fare modellerine titiz deneysel tasarim ve
raporlama uygulanmasi gerektigi distintilmektedir.
Bu nedenle merkezlerde farkli protokollerin uygu-
lanmasi istenmektedir (McCoy ve ark. 2017). Bu ca-
lismalar mikrobiyota senkronizasyonunun ne denli
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onemli oldugunun ortaya konmasi agisindan olduk-
¢a 6nemli bulunmustur.

Mikrobiyotanin gelistirilmesinde cesitli yon-
temler kullanilabilmektedir. Laboratuvar kemirgen-
lerinin Uretildikleri kurumlarla is birligi yapilabildigi
hallerde altlik veya diski 6rnekleri toplanip hayvanla-
rin gonderildigi yeni tesise nakledilebilmektedir. Bu
yaklagim esasen kaprofajiye dayanmaktadir. Onemli
bazi bakteri tirlerinin kolonizasyonu uygulanmak
istenilen deney hayvanlarinda sekillenmeyebildi-
ginden bagirsak mikrobiyotasinin transferinin eksik
sekillendigi ve dolayisiyla karisik sonuglarla karsila-
sildigi belirtilmistir (Franklin ve Ericsson 2020).

Karmasik bagirsak mikrobiyotasini transfer et-
mek igin en dogrudan yaklasim fekal transplantas-
yon olarak kabul edilmektedir. Bu yontemde alici ke-
mirgenlerdeki mevcut mikrobiyotanin dnemli dlctide
azaltilmasi amaciyla hayvanlar genis spektrumlu an-
tibiyotik kokteyllerine tabi tutulurlar. Sonrasinda alici
kemirgenler dondr digkilarindan veya mikrobiyotayi
iceren diger bagirsak numunelerinden hazirlanan
karisimla beslenmektedirler. Antibiyotik tedavisi bir-
likte barinma ve diski/kirli yataklara maruz kalma ile
iliskili kolonizasyonun neden oldugu direncin ¢o-
gunu ortadan kaldirirken, endojen mikrobiyotanin
¢ogu Uyesi tam olarak ortadan kaldirilamamaktadir.
Bu nedenle antibiyotik ortadan kalktiktan sonra bu
mikroorganizmalarda yeniden kolonizasyon meyda-
na geldigi belirtilmistir. Bu, durum dondr mikrobi-
yotasinin eksik transferi ile birlestiginde hibritlesmis
bir mikrobiyota ile sonuglandigi ifade edilmistir (Eri-
csson ve ark. 2017). Ayrica uygulamanin zorlugu ve
yogun antibiyotik kullaniminin neden oldugu olum-
suzluklar bu teknigi sinirlandiran diger faktorlerdir.
Dolayisiyla mikrobiyota modifikasyonlarinda heniiz
ideal bir yontem ortaya konulamamis olup cevre
dostu, pratik ve etkin uygulamalara ihtiya¢ bulun-
maktadir. Son yillarda bu kapsamda artan oranda
calismalar yapilmaya baslanmis olup konak-mikrobi-
yota etkilesimlerinin hem deney hayvanlarinin tekrar
Uretilebilirligini ve yapilan deneylerin sonuglarinin
dogrulugunu etkiledigi distnilmektedir. Sindirim
sistemindeki mikrobiyal ortamin dogustan itibaren
stre gelen ve adaptif bagisiklik sistemini etkileyen
ve mikrobiyomun arastinlmadigi hastalik modelle-
rinde bile bu tlr arastirmalarin sonuclarini belirledi-
gini gostermektedir (Franklin ve Ericsson 2020).

Sonug olarak bu ¢alismada probiyotik mikroor-
ganizmalar iceren sivi bir yem hazirlanmis ve deney
hayvanlarina 10 giin sireyle verilmistir. Mikrobiyo-
ta analizleri neticesinde probiyotik uygulamasinin
hem fare hem de ratlarda 6nemli degisikliklere ne-
den oldugu gozlenmistir. Giniimiize kadar yapilan

literatlir incelemelerinde Tiirkiye'de bu kapsamda
bir calisma olmadigi belirlenmistir. Bu baglamda
deneylere baslamadan ©nce hayvanlarin ¢alisma
kapsaminda Uretilen probiyotik icerikli yemler ile
beslenmesi mikrobiyotanin gelistiriimesi agisindan
umut vaat etmektedir.

Deney hayvanlan etik kurul kararlar ve izinler:
Calismada, deney hayvanlari calismalar Kirikkale
Universitesi Hiiseyin Aytemiz Deney Hayvanlar Bi-
riminde ve Hayvan deneyleri yerel Etik Kurulu onayi
alinarak gerceklestirilmistir (Karar no: 2021-02-08).

Maddi destek ve cikar iliskisi: Bu calisma KOSGEB
tarafindan desteklenen “Laboratuvar Hayvanlarina
(Rat ve Fare) Yonelik Arastirma Hazirlik ve Senkro-
nizasyon Yemlerinin Gelistirilmesi” baslikli projenin
verilerini icermektedir.
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Adiyaman ilinde satisa sunulan cig siitlerde Aflatoksin M

1
varliginin arastirilmasi ve potansiyel risk degerlendirmesi
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Ozet: Bu arastirmanin amaci, Adiyaman ilinde Eylil 2021-Nisan 2022 tarihlerinde arasinda satisa sunulan cig inek
sut orneklerinde, Aflatoksin M, (AFM,) varligiyla miktarlarinin belirlenmesidir. ELISA yontemiyle cig inek sitiinde (96
adet) AFM, miktarlar belirlenerek tehlike indeksi (Hazard Index, HI) ve giinlik alim miktar (Estimated daily intake,
EDI) hesaplanarak potansiyel risk degerlendirmesi yapilmistir. Calisma sonucunda 96 adet ¢ig sutiin %55,21 negatif
(53 6rnek), %44,79 pozitif (43 6rnek), ortalama 0,028+0,026 pg/kg ve en fazla 0,054 pg/kg AFM, bulunmustur. En cok
sonbahar aylarinda (n=24) toksin varligi tespit edilmistir. Sokak saticilarindan alinan érneklerin tamami pozitif sonug
vermistir. Pozitif numunelerden ortalama AFM, ile yapilan glnlik alim miktariyla yapilan hesaplamada HI diizeyi 1
olarak belirlenmistir. Tirk Gida Kodeksinin maksimum yasal sinirlarini asan 4 drnekten 2 tane drnegin sokakta satisi
yapilan sit oldugu ve diger 2 6rnegin ise Besni ilcesinde bulunan entansif bir ¢iftlige ait oldugu tespit edilmistir.
Galismada 4 tane 6rnegin TGK yasal limitinin Gzerinde oldugu ancak ortalama olarak AFM, miktarinin HI duzeyi
potansiyel risk olusturacak diizeyde bulunmamistir. Arastirmamiz sonucunda halkin ¢ig inek sttu ile Aflatoksin
M,’e maruz kaldigi tespit edilmistir. Ozellikle yetistiricilerin aflatoksin konusunda bilinglendirilmesi ile denetimlerin
artirlmasi toplum saghginin korunmasinda énem arz etmektedir.

Anahtar kelimeler: Adiyaman; Aflatoksin M,; Cig stit; ELISA

Investigation of Aflatoxin M, presence in raw milk sold in
Adiyaman province and potential risk assessment

Abstract: This study aimed to determine the presence and quantities of Aflatoxin M1 (AFM,) in raw cow milk
samples sold in the market between September 2021 and April 2022 in Adiyaman province. Hazard Index (HI) and
estimated daily intake (EDI) were calculated by determining the amount of AFM, in raw cow milk (96 samples) by
ELISA method and potential risk assessment was performed. As a result of the study, 55.21% negative (53 samples),
44.79% positive (43 samples), 0.028+0.026 ug/kg, and a maximum of 0.054 ug/kg AFM, was found in 96 raw milk
samples. The presence of toxin was detected mostly in the autumn months (n=24). All samples taken from street
vendors were positive. The HI level was determined as 1 in the calculation based on the average daily intake of
AFM, from positive samples. Of the 4 samples that exceeded the maximum legal limits of the Turkish Food Codex,
it was determined that 2 samples were milk sold on the street and the other 2 samples belonged to an intensive
farm in Besni district. In the study, 4 samples were found to be above the legal limit of the TGK, but on average, the
HI level of AFM, was not found to be at a level that would pose a potential risk. As a result of our research, it was
determined that the public was exposed to Aflatoxin M, in raw cow’s milk. Especially raising awareness of breeders
about aflatoxin and increasing inspections are important for the protection of public health.

Keywords: Adiyaman; Aflatoksin M, ELISA; Raw milk

Giris

Sut ve sut Urdnleri, insan yasaminin cesitli ddnemle-
rinde tlketilerek protein, yag, karbonhidrat (laktoz),
mineral (kalsiyum, fosfor, potasyum, demir, bakir) ve
vitamin (A, B1, B2, B6, B12, C ve biotin) icermesi ba-
kimindan halk saglig acisindan énemli bir besindir.
St ve sut Urtnlerinin Gretimi sirasinda gesitli kon-
taminasyonlarla pestisit, agir metal, ilag kalintilari,
cevre kirleticileri ve aflatoksinler gibi kanserojen
metabolitlerle kirlenebilmektedir (Kubicova ve ark.
2019; Pardakhti ve Maleki 2019). Aflatoksinler insan

ve hayvanlara gidalarla bulasmaktadir. Bulasma gida
maddesinde toksin varligiyla dogrudan; gida ureti-
minde kullanilan yardimci veya hammaddelere tok-
sin bulasmasiyla dolayli kontaminasyon ve tasinma
kontaminasyonu olmak Uzere 3 farkli yolla meyda-
na gelmektedir. Aflatoksin B, bulasmis yemlerin st
ineklerinde Aflatoksin M, (AFM,) déniismesiyle sit-
te bulunan aflatoksin kalintilari insan ve hayvanlarda
fizyolojik degisikliklere, sutiin kalite ve kantitesinin
bozulmasina neden olmaktadir (Karaoglan ve ark.
2022). Ozellikle inek siitiinde AFM, plasental maru-
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ziyet yoluyla anne rahminde baslayarak yasam boyu
maruziyeti basta cocuklar olmak lzere insan sagligi
icin kiresel bir gida glivenligi sorunu haline gelmek-
tedir (Min ve ark. 2020). Siit ve sit Grinlerinin AFM,
ile kontaminasyonunun mevsime, ilkeye ve cograf-
yaya gore degisiklik gosterdigi ifade edilmistir (Celik
ve ark. 2005; Karaoglan ve ark. 2022). AFM, kansero-
jenik, mutajenik, teratojenik, genotoksik ve bagisik-
hk sistemini baskilayici etkileri bulunmaktadir (Min
ve ark. 2020). Uluslararasi Kanser Arastirma Kurulu-
su (IARC) tarafindan insan icin olasi kanserojen B2
grubunda kategorize edilen AFM,, karaciger, bobrek
ve sindirim sorunlarina sebep olmaktadir (Pardakhti
ve Maleki 2019). Aflatoksinler maruziyet miktarina
ve slresine bagli olarak hepatotoksik ve kansero-
jen etkilere neden olmaktadir (Lewis ve ark. 2005).
Akut aflatoksikoz durumunda baslica karaciger ol-
mak Uzere bdbrek, kalp, akciger ve beyinde yiksek
miktarda aflatoksin tespit edilmistir (Alamu ve ark.
2018). insan ve hayvanlarda aflatoksin toksisitesi
prognoza, doza, slireye, yasa, cinsiyete, beslenme ve
bagisiklik durumuna gore degiskenlik gdstermekte-
dir. Akut maruziyet, bulanti, kusma ve karin agrisina;
ylksek dozda akut zehirlenme ¢ocuklarda 6limcil
olabilmektedir. Kronik aflatoksin maruziyeti mutaje-
nite ve kanserojeniteye neden olmaktadir (Sarma ve
ark. 2017).

GUnlmizde ozellikle stt ve sit Grlnlerinde ta-
rama amagch mikotoksin tdrlerinin tespitinde AFM,
tespitinde ELISA, hizli, glvenilir, ekonomik, tekrar-
lanma, hazirlama prosedurt ve kiiciik numune ha-
cimlerinde analize imkan vermesi ile cesitli analiz
yontemleri (ylksek performans likit kromatografisi
(HPLC), floresans tespiti (FL), ince tabaka kromatog-
rafisi (TLC) ve kitle spektrometrisi (MS)) arasindan
hassasiyet ve 6zgUlligu nedeniyle yaygin tercih edi-
len bir ydntemdir (Maggira ve ark. 2021).

Bu calisma, Adiyaman ili ve ilgelerinden topla-
nan inek sutu érneklerinde AFM, belirlenerek halk
saghgi acisindan risk bulunup bulunmadiginin belir-
lenmesi amaciyla yapilmistir.

Gereg ve Yontem

Numunelerin Toplanmasi

Caligmada AFM, analizi icin numuneler Eylil
2021-Nisan 2022 tarihleri arasinda sonbahar, kis ve
ilkbahar mevsimlerinde her mevsim 32 6rnek olacak
sekilde Adiyaman il ve ilce merkezlerinden (seyyar
saticilardan ve ¢ig sit satisi yapan 9 bdlgede) sati-
sa sunulan 96 adet numuneden 30 ml ¢ig inek sitd
toplanmistir. Sit numuneleri -20°C'de dondurulmus

ve soguk zincirle tasinmistir. Dondurulmus sitler
analiz sliresine kadar -20 °C'de saklanmustir.

Numunelerin Analize Hazirlanmasi

Sut orneklerinin yaglarinin ayirilmasi icin 10°C'de
3500 rpm hizda 10 dakika santrifiij gerceklestirilmis-
tir. Ust yag tabakasinin alinmamasina dikkat edile-
rek, seyreltme yapilmadan ve numuneler dogrudan
analize alinmistir.

Numunelerin Analizi

Aflatoksin seviyelerinin degerlendirilmesi amaci ile
spesifik ticari kitleri kullanilmistir (Veratox for Afla-
toxin M1, 8019, Neogen Co., USA). Ornekler firma-
nin tavsiye ettigi Elisa yontemi protokolliine uygun
olarak belirlenmistir. Ornekler icin 6 adet standart
ve 1 adet karistirma kuyucugu mikro plaka tutucuya
konulmustur. Her bir 6rnek 250 pl alinarak karistir-
ma kuyucuklarina eklenmistir. Karistirma kuyucukla-
rindan 100 pl antikor kapl kuyucuklara aktariimistir.
96 kuyucuklu mikroplaka 20 dakika oda sicakliginda
otomatik calkalayicida (600 d/d) bekletilmistir. An-
tikor kapli kuyucuklardan sivilar bosaltilarak, 5 defa
yitkama soltisyonu (PBS with Tween™ 20, Canvax Re-
agents, S.L.U, BRO005, ispanya) ile yikanmistir. Her
ornek icin kuyucuklara 100 pl konjugat eklenerek
10 dakika oda sicakhginda otomatik calkalayicida
(600 d/d) bekletilmistir. Antikor kapli kuyucuklardan
sivilar bosaltilarak, 5 defa yikama sollsyonu ile yi-
kanmistir. Her 6rnek icin kuyucuklara 100 pl subst-
rat eklenmistir. 15 dakika oda sicakliginda otoma-
tik calkalayicida (600 d/d) bekletilmistir. Her 6rnek
icin kuyucuklara 100 pl stop sollisyonu eklenerek
spektrofotometrik cihazda (Thermo Fisher Scientific,
Multiskan Go, 1510-05762-51119200, Japan) 650
nm dalga boyunda okutulmustur. Analizde 6 adet
standart (0, 0,005, 0,015, 0,03, 0,06, 0,1 ug/kg) kulla-
nilmistir. Standartlarin absorbans degerleri sirasiyla
(1,605, 1,496, 1,208, 0,775, 0,466, 0,294 pg/kg) belir-
lenmistir. Sonuglar Excel 2010 analizleri gerceklesti-
rilerek yapilmistir.

Saglik Risk Degerlendirmesi

Cevre kirleticilerin gidalar izerinde sadece konta-
minasyon miktarlarinin belirlenmesinden ziyade,
halk sagliginda olusturabilecedi potansiyel riskle-
rin degerlendirilmesi dnem arz etmektedir (Yipel ve
Yarsan 2021; Tutun ve ark. 2022). insan sagliginda
risk degerlendirmesi gida tiketimi yoluyla maruz
kalinan ksenobiyotiklerin belli bir zamanda tiketilen
miktarinin belirlenmesiyle yapilmaktadir. Tehlike in-
deksi (Hazard Index, HI) ve glinliik alim miktari (Esti-
mated daily intake, EDI) ile stt tiketimi seklinde asa-
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gidaki verilen denkleme gére insan sagligi uzerinde
potansiyel riski hesaplanmistir (Tsakiris ve ark. 2013;
Milicevi¢ ve ark. 2017). EDI ng/kg olarak ifade edil-
mektedir. AFM,, tolere edilebilir giinlik alim miktari

Denklemler:

(TDI) icin 0,2 ng/ kg olarak verilmistir. Yetigkin igin
glnlik sut tiketimi yaklasik olarak 500 ml/giin ve
ortalama viicut agirigi 70 kg olarak belirlenmistir
(Kuiper-Goodman 1990; Nejad ve ark. 2019).

Ortalama AFM1 X Glinliik Tiiketim

Glinliik Alim Miktart (EDI) =

X 1000

Ortalama viicut agurligt

Glnliik alim miktart (EDI)

Tehlike indeksi (HI) =
ehlike indekst (H) Glinliik Tolerans diizeyi

Bulgular

Galismada Adiyaman ilinde satisa sunulan ¢ig sutler-
de AFM, miktarlar (tespit limiti (LOD) 0.0043 pg/kg
olarak) belirtilmistir. Veriler genel olarak degerlen-
dirildiginde 96 Ornekten 43'lUnln (%44,79) degisen
miktarlarda AFM, icerdigi tespit edilmistir. Analizi
yapilan st ornekleri icerdigi toksin yoniinden da-
giimi ise Tablo 1 ‘te verilmistir. Turk Gida Kodeksi
(TGK) ve Avrupa Birligi tarafindan belirlenen yasal
limitin 0,05 pg/kg oldugu g6z 6ninde bulundurul-
dugunda, ¢ig slt 6rneklerinden 4'tGinlin (%4,16) yasal
limitin Gzerinde oldugu tespit edilmistir (Turk Gida

Kodeksi Yonetmeligi 2011; Maggira ve ark. 2021). Bu
4 6rnegin 2'si Kahta bdlgesinden alinan sokak sut-
lerini, 2 drnek ise Besni bolgesindeki isletmelerden
alinan sut ornekleri olusturmaktadir. Gélbasi bélgesi
7 pozitif 6rnek ile yasal limiti gegmemesine ragmen
en ¢ok toksin varliginin oldugu bdlge olarak belir-
lenmistir. Bolgelere gore pozitif drneklerin dagilimi
verilmistir (Grafik 1). En ¢ok pozitif 6rnek %56 son-
bahar (24 6rnek) ve en az ilkbahar mevsiminde %9
(4 ornek); %35 kisin (15 ornek) pozitif bulunmustur
(Grafik 2). Pozitif numunelerden ortalama AFM, ile
yapilan gunlik alim miktariyla yapilan hesaplamada
HI dlzeyi 1 olarak belirlenmistir.

Tablo 1. Orneklerdeki AFM1'in Miktar ve Yizde Olarak Dagilimi (ug/kg)

Toplam Negatif 0,001- 0,021- 0,041- 0.050 AFM, AFM, porzitiflik Pozitif ortalama
ornek sayisi ornek sayisi 0,020 0,040 0,050 ' en fazla miktar (%) AFM, miktan
96 53 15 12 12 4 0,0546 %44,79 0,028

Grafik 1. Bolgelere Goére Pozitif Orneklerin Dagilimi
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Grafik 2. Mevsimlere Gore Pozitif Orneklerin
Dagilimi

Tartisma

Aflatoksin maruziyetine iliskin verileri takip etmek
ve uzun sureli maruziyetiyle insan sagligi Gzerindeki
etkilerini kontrol etmek icin ¢ig sitte AFM, insidan-
sinin arastiriimasi gerekmektedir (Min ve ark. 2020).
Adiyaman ilinde 2019 verilerine gore inek situ Ure-
timi (185.918 kg) diger sut turlerinin Uretimine gore
daha fazla oldugundan bu calismada inek sttd kul-
lanilmistir (Ulusal Sut Konseyi 2022).

96 adet ¢ig inek sitlinde 4 6rnegin TGK yasal
sinirinin Gstlinde oldugu; pozitif %44,79 (43 6rnek)
ve negatif %55,21 (53 ornek) tespit edilmistir. Calis-
mada sit 6rneginde en fazla AFM, miktari 0,0546
ng/kg seklinde belirlenmistir. Benzer arastirmalarda,
isleyici ve ark. (2015), Van'da 100 cig inek sitiinde
85 pozitif drnekten (%85) 12 6rnegin (%12) yasal
limit degerlerini astigini tespit etmislerdir. Yurt ve
Ulugay (2017), I1gdir'da 25 ¢ig inek siitl 6rneginde
0,46-0,018 pg/kg araliginda pozitif érnekler belirle-
mislerdir. Hazer (2011), Ege bdlgesinde 81 adet ¢ig
st 6rnegin 20 drneginin TGK yasal sinirini astigi ve
61 drnegin degisen miktarlarda AFM, icerdigini ifa-
de etmistir. Ozsunar ve ark. (2007), 135 cig sit or-
neginde yaptiklar calismada 76 pozitif 6rnek ve 1
ornekte ise TGK yasal sinirini gectigini raporlamistir.
Ertas ve ark. (2011) Kayseri'de ELISA yontemiyle yap-
tiklari calismada 50 ¢ig stt 6rneginin %86 oraninda
(43 pozitif drnek) AFM, tespit etmislerdir ancak yasal
sinirt agmadigi belirtilmistir. Karadal ve ark. (2018),
30 ¢ig inek sutlyle Nigde'de yaptiklar calismada
%10 (3 pozitif 6rnek) drnegin yasal limitleri astigini
bildirmislerdir.

Diinyada yapilan galismalarda Sudan'da Elzupir
ve Elhussein (2010), yilinda yaptigi bir calismada 44
inek sttliniin 42'sinde (%95,45) AFM, bulmusglardir. El
Marnissi ve ark. (2012), yaptiklari calismada Fas'ta 48
sut 6rneginde 13 numunede AFM, tespit ederken 4
ornegin yasal sinirin Gzerinde oldugunu tespit etmis-
lerdir. Libnan'da El Khoury ve ark. (2011), 64 stt or-
negiyle yaptiklar calismada %40,62 oraninda AFM,
icerdigini ifade etmislerdir. Tomasevic ve ark. (2015),
Sirbistan'da 628 ¢ig sut drnegiyle yaptiklar calisma-
da %56,3 oraninda yasal sinirin tzerinde AFM, tespit
etmislerdir. Picinin ve ark. (2013), farkl iklim kosulla-
rinin aflatoksin (izerine etkisini arastirdigi ¢alismada
129 ¢ig st 6rneginin tamaminin toksin icerdigini ve
yagisl bolgelerde yaz déneminde aflatoksin varligi-
nin ozellikle daha fazla oldugunu ifade etmistir.

Mevcut calismada cig sitlerde yapilan AFM,
analizi sonucunda 0,028+0,026 pg/kg bulunmustur.
GCalismada sokak saticilarindan alinan sitlerin ta-
maminda (n=18) aflatoksin tespit edilmistir. Sokak
saticilarindan alinan sitler toplam pozitif 6rnekler
(n=43) arasinda 18 pozitif 6rnek ile %41,86'yi olus-
turmaktadir. TGK yasal limitini asan 4 6rnegin %50
oraninda sokak saticilarindan alinan st 6rnegi olus-
turmaktadir. Ozellikle sokakta satilan sitlerin Gretimi
ve depolanmasi esnasinda hijyen ve mikrobiyolojik
yaklasimlarin uygun yapilmamasiyla iliskilendirile-
bilmektedir. Ayrica sokak sitlerinin rastgele haneler-
den toplanilmasiyla aflatoksin iceren ve icermeyen
sutlerin birbirleriyle karismasindan kaynaklanmig
olabilecegi dustinilmektedir. Sokak situ olarak bi-
linen sitler genelde kirsal kesimlerden toplanilan
st orneklerinden olusmaktadir. Kirsal alanlarda
hayvanlar otlarin bittigi ilkbahar ve yaz mevsimi di-
sinda entansif olarak beslenmesi tercih edilmektedir
(Dogan 2012).

Sut ve sit Grinlerinde aflatoksin varligi rasyona,
yem saklama kosullarina, mevsime, besleme yonte-
mine ve hayvanlarin saglik durumu gibi faktorlere
bagli olarak degiskenlik gostermektedir (Karaoglan
ve ark. 2022). TGK'nin yasal limitini asan diger iki
ornegin ise ylksek oranda kif iceren hayvan yemi
rasyonlarindan kaynaklanmis olabilecegi disunul-
mektedir. Adiyaman ili ve ilcelerinde il merkezinde
84.438, Celikhan'da 105.014, Sincik'te 67.738, Ger-
ger'de 58.658, Besnide 38.326, Kahta'da 34.942,
Samsat'ta 21.450, Tut'ta 12.757 ve Golbasi'nda 1.332
hektar mera alani bulunmaktadir (Adiyaman Gida,
Tarim ve Hayvancilik il Midirliga 2022). Besni mera
bakimindan son siralarda yer almaktadir bu durum
entansif beslenmeye uygun olmayan yem muhafaza
kosullarindan dolayi kontaminasyon riskini artirabil-
mektedir.
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7 pozitif 6rnek ile Gélbasi ilgesinin en ¢ok tok-
sin iceren orneklere sahip olmasi mera alanlarinin
cok kisith olmasindan kaynaklanmis olabilecegi
distnllmektedir. Entansif olarak yapilan yetistiri-
cilikte yem rasyonlarinin iyi muhafaza edilmemesi
durumunda aflatoksin kontaminasyonu meydana
gelebilmektedir. Bolgeler arasindaki mera alanlari
disinda mevsimsel farklar da kuf Gremesini etkile-
yebilmektedir. Kiflerin Greme kosullarinin sicaklik ve
nem ile dogru orantili oldugu bilinmektedir. Mev-
simsel olarak en ¢ok pozitif 6rnek (n=24) sonbahar
Eylul-Ekim-Kasim aylarinda belirlenmistir (Grafik 2).
Bu aylarda meradan ahirda beslemeye gecis daha
yogun meydana gelmektedir. Taze otlarin bittigi
mevsim kosullarinin entansif beslemeye daha uygun
oldugu bu dénemlerde yem depolarinda kiiflenme
riski de bulunmaktadir. Kiflerin Gireme kosullarinin
bu durumun nedeni oldugu distnilmektedir. Afla-
toksijenik kufler minimum 6-8 °C' maksimum 50-60
°C'de Ureyebilmelerine ragmen toksin olusumu igin
en az 10-13 °C ve en fazla 42 °C sicaklik uygundur.
Bunlarin uygun gelisme sicakliklari 35-38 °C olmasi-
na ragmen maksimum toksin konsantrasyonuna 25-
30°C de ulasiimaktadir (Halkman 2022). Aflatoksin
konsantrasyonlari kis aylarinda yaz aylarina kiyasla
daha yuksek gorilebilir (Fallah 2010). Kisin nem se-
viyeleri daha yiksek olmasina ragmen sicaklik kuf
olusumu icin yeterli degildir bu baglamda sonuglari
eylul, ekim ve kasim aylarinin hem sicaklik hem de
nem acisindan aflatoksin Greten kifler icin daha uy-

gun bir ortam saglamasiyla agiklamak mimkindur.
Sutteki AFM, dlzeyi cografi kosullara ve mevsime
gore degisiklik gosterebilmektedir. Ayrica Mart-Ni-
san aylarinda mevsime bagl otlarin gelismesiyle
hayvanlarin depolanmis yemler yerine mera-gayir
gibi yerlerde otlatildi§i géz 6niinde bulundurarak
durum aciklanabilir. En ylksek aflatoksin konsant-
rasyonu kis ayinda olmasi bu durum, bu mevsimde
daha dustk sut Uretiminin daha ylksek aflatoksin
konsantrasyonlarina yol agmasina ve depolanan
yemin kiifle kirlenmesiyle agiklanabilir. Yaz mevsi-
minde Uretilen sitlin kis mevsiminde Uretilen stitten
daha az aflatoksin icerdigi agiklanmistir (Filazi ve ark.
2010). Hindistan'da 2011 yilinda 76 adet inek sutd
érneklerinde AFM, varligi Gzerine yapilan bir calis-
mada kis mevsiminde alinan 6rneklerin daha fazla
aflatoksin icerdigini bildirmislerdir (Karaoglan ve
ark. 2022).

Aflatoksin ile kiresel kalkinma arasinda negatif
bir korelasyon oldugu distinilmektedir. Uretici ve
tiketici bilinci, hijyen duzenlemelerine baglilik ve
bunlara uymayan isletmelere yonelik yaptirimlar gibi
faktorler AFM, varligini azaltmaktadir (Karaoglan ve
ark. 2022). Sosyoekonomik durum toplumun her
alanini etkiledigi 6zellikle bu durum insanlarin dav-
ranislari ve maddi durumlari ile agiklanabilir. Tablo
2'te goruldugu gibi dinyada ve ulkemizde AFM,
varligi g6z énunde bulundurularak toplumun AFM,
yonlinden risk altinda oldugu gorilmektedir.

Tablo 2. Ulkemizde ve farkli iilkelerde AFM1 ile ilgili yapilan bazi calismalar

Ornek Ornek sayisi  Pozitif 6rnek sayisi Tespit araligi (ug/kg ) Ulke Kaynak

Cig sut 20 20 0,005-0,250 Tarkiye (Kiregci ve ark. 2007)

Sut 77 18 0,010-0,030 Arjantin  (Lopez ve ark. 2003)

Pastorize Stt 91 66 0,013-0,250 iran (Fallah 2010)

Peynir 50 14 0,002-0,020 Turkiye (Filazi ve ark. 2010)

Bebek Mamasi 62 5 0,005-0,018 Turkiye (Kabak 2012)

Sat 38 26 0,021-0,418 Yemen (Murshed 2020)

Beyaz Peynir 116 68 0,052-0,785 iran (Fallah ve ark. 2009)

Sut 613 496 0,002-0,020 Kenya (Kang'ethe ve Lang'a 2009)
Peynir 400 327 0,05-0,25 Turkiye  (Sarimehmetoglu ve ark. 2004)
Pastorize Sut 85 75 0,001-0,090 Turkiye (Gelik ve ark. 2005)

Pastorize Sut 16 12 0,01-0,05 Cin (Guo ve ark. 2019)

Cig st 50 43 0,001-0.03 Turkiye  (Ertas ve ark. 2011)

Cig sut 120 107 0,005-0,078 Turkiye  (Eker ve ark. 2019)

UHT Sit 78 24 0,004-0,127 Turkiye (Kose ve ark. 2019)

Cig sut 52 52 0.029-2.159 Etiyopya (Tadesse ve ark.2020)
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Ulkemizde yapilan arastirmalara gére siit ve siit
urlinleri farkli konsantrasyonlarda AFM, icermekte-
dir, hatta TGK yasal limitini bile asmaktadir. Siite tok-
sin bulagmasiyla o sutten elde edilen sit Urlnlerine
de toksinler gegmektedir (Sharafi ve ark. 2022). Af-
latoksin orani yliksek olan siitlerin, 6zellikle de kirsal
kesimden toplanan sutlerin insan sagligina ozellikle
de cocuklar tGzerinde uzun vadede ciddi etkileri ola-
bilmektedir. Trkiye'de sut ve st Urinlerinde AFM,
varligina iliskin calismalar incelendiginde AFM, du-
zeylerinin boélgeden bagimsiz olarak farklilik gos-
terdigi gorulmektedir. Ayrica ayni ilde yapilan farkli
calismalarda bile AFM, diizeyleri farklilik géstermek-
tedir. Bu farklilik stt Grdnlerinin tiriine, yemlerde-
ki kif kontaminasyonuna, mevsime, numune alma
noktalarinda hijyen ve sanitasyon kurallarina verilen
onem diizeyine bagl olarak degiskenlik gostermek-
tedir (Karaoglan ve ark. 2022).

Potansiyel risk degerlendirmesinde tehlike in-
deksinin HI>1 tlketiciler igin riskli oldugu ifade edil-
mistir (Mili¢evic ve ark. 2017). Pozitif numunelerden
ortalama AFM, ile yapilan glnlik alim miktariyla
yapilan hesaplamada HI diizeyi 1 olarak belirlenmis-
tir. Tsakiris ve ark. (2013), yaptiklari calismada AFM,
ile risk degerlendirilmesinde en yuksek degerin 1-3
yas araliginda oldugunu ifade etmislerdir. Sharafi ve
ark. (2022), yaptiklar calismada HI indeksini Turki-
ye icin ortalama olarak 0,23 olarak belirlemislerdir.
GCalismada degerlerin 6rneklerin konum ve buylk-
[GgU, sut veya sut Urunleri tird ve olciim teknikleri-
nin farkliigindan kaynaklanmis olabilecegi diistintl-
mektedir (Sharafi ve ark. 2022). Mevcut calismada
da Adiyaman ilinde ortalama olarak AFM1 miktari-
nin HI dizeyi potansiyel risk olusturacak diizeyde
bulunmamistir.

Sonug

Calismamizda 96 adet ¢ig inek siit 6rneginin 4 tane-
si TGK yasal limitinin tzerinde oldugu belirlenmistir.
Calismada 4 tanesi 6rnegin TGK yasal limitinin tze-
rinde oldugu ancak ortalama olarak AFM, miktarinin
HI dlzeyi potansiyel risk olusturacak diizeyde bulun-
mamistir. Ulkemizde yapilan calismalar incelendigin-
de AFM, varliginin yaygin gérildigi anlagiimaktadir.
IARC tarafindan Grup Il kanserojen madde olarak
tanimlanan AFM1 Isil islem uygulamalariyla yok ol-
madigindan cig sit ve Urlinlerindeki miktarinin be-
lirlenmesi blytk 6neme sahiptir. Gida ve yemlerdeki
mikotoksin kontaminasyonunu azaltmak amaciyla
Diinya Saglik Orgiitii (WHO), Avrupa Gida Givenligi
Otoritesi (EFSA), ABD Gida ve ila¢ Dairesi (FDA) ve
Gida Tarim Orglitii (FAO) gibi bircok ulusal ve ulus-
lararasi organizasyon ve 6rgut dizenleyici ydnerge-

lerle bu kiresel sorunu ¢dzmeyi amaglamaktadirlar.
Ulkemizde TGK sutlerde AFM, icin yasal sinirlan be-
lirlemis olmasina ragmen agikta veya sokakta satisa
sunulan sitlere herhangi bir analiz uygulanmamasi
halk sagliginin korunmasi konusunda ciddi tehdit
olusturmaktadir. Calismamizda bulunan veriler or-
neklerin neredeyse yarisinin toksinle kontamine ol-
dugunu gostermektedir. Ozellikle bagisiklik sistemi
zayif kisiler ve cocuklarda AFM, maruziyeti 6nem
arz etmektedir. Aflatoksinlerin &dnlenmesi icin yem-
lerin kontaminasyonu engellenmesi, halk ve Uretici-
ler aflatoksinlerin zararlar hakkinda bilgilendirilme-
si gerekmektedir. Piyasaya sirilen sitlerle beraber
ozellikle sokak saticilari tarafindan satilan st rnek-
lerinin de belirli periyodlarda analize tabi tutulmasi
ve kontamine olmus sitlerin tliketime sunulmamasi
halk sagligi agisindan énem arz etmektedir.
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Laktik asit bakterilerinden elde edilen konsantre postbiyotiklerin
bazi gida patojenleri lizerine etkilerinin degerlendirilmesi
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Ozet: Calismada dokuz farkli laktik asit bakterisi MRS Broth'da 24, 48 ve 96 saat inkiibe edildikten sonra postbiyotikleri
elde edildi. Elde edilen postbiyotiklerin (7x) suyu evaporasyonla ucurularak iki (2x) ve dort (4x) kat yogunlastirildi.
Farkli inkGibasyon sirelerinde elde edilen ve farkli yogunluktaki postbiyotiklerin pH degerleri, titre edilebilir organik
asit miktarlari ve Salmonella spp., Listeria monocytogenes, Escherichia coli O157, metisilin direncli Stapylococcus
aureus ve Brucellla melitensis Uzerine antimikrobiyal etkileri agar difizyon yontemi ile inhibisyon zon caplari
Olcllerek ortaya konuldu. Calismada laktik asit bakterilerinin inkiibasyon sirelerindeki artisin postbiyotiklerindeki
pH degerleri, titre edilebilir asit miktarlari ve patojenler (izerine antimikrobiyal etkide dnemli bir degisiklige neden
olmadigi gorildi (p>0.05). Postbiyotikler 2x ve 4x yodunlastirildiklarinda, icerdikleri organik asit miktarlari artmasina
ve patojenler (izerine daha glicli bir antimikrobiyal etki gostermelerine ragmen (p<0.05), pH degerlerinde énemli
bir degisiklik gorilmedi (p>0.05). Postbiyotiklerin antimikrobiyal etkilerini icerdikleri organik asitler ile meydana
getirdikleri, organik asitlerin ise NaOH ile nétralize edildiklerinde antimikrobiyal etkilerinin kayboldugu tespit edildi.
En ylksek titre edilebilir asit miktarlari ve patojenlere karsi en gii¢lii antimikrobiyal etkiler ise Lactobacillus plantarum,
L. sakei ve L. curvatus'dan elde edilen postbiyotiklerde gorildi (p<0.05).

Anahtar kelimeler: Antimikrobiyal etki, gida patojenleri, postbiyotik

Evaluation of the effects of concentrated postbiotics from
lactic acid bacteria on some food pathogens

Abstract: In the study, nine different lactic acid bacteria were incubated in MRS Broth for 24, 48 and 96 hours and
their postbiotics were obtained. The water of the obtained postbiotics (x) was evaporated and concentrated two
(2x) and four (4x) times. The pH values and titratable organic acid amounts of postbiotics obtained at different
incubation times and at different concentrations were determined, and their antimicrobial effects on Salmonella spp.,
Listeria monocytogenes, Escherichia coli 0157, methicillin resistant Stapylococcus aureus and Brucellla melitensis were
determined by measuring the inhibition zone diameters with agar diffusion method. In the study, it was detected
that the increase in the incubation period of lactic acid bacteria did not cause a significant change in the pH values,
titratable acid content and antimicrobial effect on pathogens (p>0.05). When postbiotics were concentrated 2x and
4x, the amount of organic acids they contained increased (p<0.05) and they showed a stronger antimicrobial effect
on pathogens (p<0.05), but there was no significant change in their pH values (p>0.05). It was determined that the
postbiotics showed their antimicrobial effects through the organic acids which they produced, and when the organic
acids were neutralized with NaOH, their antimicrobial effects disappeared. The highest titratable acid amounts and
the strongest antimicrobial effects against pathogens were observed in postbiotics obtained from L. plantarum, L.
sakei and L. curvatus (p<0.05).

Keywords: Antimicrobial effect, food pathogens, postbiotic

Giris

insanoglu eski caglardan beri laktik asit bakterile-
rini (LAB) gidalarin raf dmriinl uzatmak ve degisik
lezzetler elde etmek igin fermantasyon amaciyla
kullanmasina ragmen, ancak 1900’lu yillarin basin-
da bu bakterilerin saglik Gzerine olumlu etkilerinin
oldugunun farkina varmistir. Son yillarda yapilan
calismalar bakteriyel metabolizma sonucu Uretilen
dranlerin de biyolojik aktiviteye sahip olduklarini or-

taya koymus ve bu Uriinlere yeni bir isimlendirmeyle
“postbiyotikler” adi verilmistir. Postbiyotikler [veya
diger isimleriyle metabiyotikler, biyojenikler, probi-
yotik hiicre parcalari, cell free supernatants (CFS)],
fermentasyon sirasinda LAB’lar tarafindan uretilen
biyoaktif ¢ozindr Grlnler veya metabolik son Griin-
ler olarak tanimlanmaktadir (Barros ve ark. 2020;
Aghebati-Maleki ve ark. 2022). Postbiyotik terimi
glinimize kadar en sik kullanilan terim olmasina
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ragmen hala evrensel olarak kabul edilmis tam bir
tanimi yoktur (Thorakkattu ve ark. 2022).

Postbiyotik terimi son yillarda sik kullanilsa da,
aslinda bazi fermente gidalarin (yogurt, tursu, kom-
bucha cayi, kefir vs.) dogal olarak postbiyotik icer-
dikleri ve insanlarin tarih boyunca bu gidalar tiket-
tikleri ve fayda sagladiklari unutulmamalidir. Post-
biyotiklerin tespit edilmis bir toksisitelerinin olma-
masi, sindirim sistemi enzimlerine direngli olmalari,
uzun raf dmrd, immun sistem diizenleyici, antienfla-
matuvar, antihipertansif, antioksidan, antimikrobiyal,
antikanser ve hipokolesterolemik aktivitelere sahip
olmalari gibi avantajlari bulunmaktadir (Aguilar-To-
ala ve ark. 2018; Wegh ve ark. 2019; Gokirmakli ve
ark. 2021; Rad ve ark. 2021). Ayrica postbiyotiklerin
hazirlanmasi ve kullanilmasinin basit ve uygun ol-
masl, genis pH ve sicaklik araliklarinda stabil olma-
lari, kendilerine 6zgii kimyasal yapilarinin ortaya ko-
nulabilmesi, mikroorganizma sayisinda artisa sebep
olmamalari, immun sistemi baskilanmis bireylerde
yan etkilere sahip olmamasi ve postbiyotik tirleri-
ne gore muhafazalar esnasinda soguk zincire ge-
rek duyulmamasi da avantajdir (Barros ve ark. 2020;
Aghebati-Maleki ve ark. 2022; Sabahi ve ark. 2022).

Son zamanlarda gidalarda antimikrobiyal ola-
rak kimyasal bilesiklerden ziyade dogal bilesiklerin
kullanilmasina yonelik tiketici talepleri dne ¢ikmak-
tadir (Balthazar ve ark. 2021; Salanta ve Cropotova
2022). Postbiyotiklerin faydali etkilerinden biri de
bazi mikroorganizmalar Uzerine inhibisyon etkileri-
nin olmasidir. Kimyasal koruyuculara ve antibiyotik-
lere gbre avantajlara sahip olan postbiyotiklerin gi-
dalarda bozulma yapan mikroorganizmalara ve gida
kaynakl patojenlere karsi kullanilmasi ile ilgili aras-
tirmalar devam etmektedir (Yolmeh ve ark. 2017;
Jo ve ark. 2020; incili ve ark. 2021; 2022a; 2022b;
2023; Mani-Lépez ve ark. 2022). Postbiyotiklerin an-
timikrobiyal etkileri genel olarak elde edildikleri LAB
tlrlerine, kiltir ortamina, gelisme sartlarina, hedef
mikroorganizmanin tipine (gram pozitif bakteriler,
gram negatiflere gére postbiyotiklere daha direng-
lidir) ve postbiyotigin konsantrasyonuna bagh ola-
rak degisiklik gosterir (Ozcelik ve ark. 2016; Moradi
ve ark. 2020; Sabahi ve ark. 2022). Postbiyotiklerin
sahip olduklar antimikrobiyal etkinin icerdikleri or-
ganik asitler, bakteriyosinler ve bakteriyosin benzeri
inhibitor bilesiklerden ileri geldigi, hidrojen peroksit,
diasetil, kisa ve uzun zincirli yag asitleri ve etanoliin
de antimikrobiyal etkiye katkida bulundugu bildiril-
mektedir (Mani-Lopez ve ark. 2022).

LAB'lardan elde edilen postbiyotiklerin toplam
organik asit miktari ve pH degerlerinin bilinmesi,

gida patojenlerine karsi antimikrobiyal etkilerinin
ortaya konulmasi gida enddstrisi agisindan biyuk
Oneme sahiptir. Gida glvenligi ve kalitesi agisindan
uygun LAB'larin se¢iminde de bu verilerin dnem arz
edecedi ileri slirtlebilir. Postbiyotigin icerisindeki bi-
lesiklerin karakterizasyonlari ve miktarlarinin ortaya
konulmasi icin kromatografik ydntemler (HPLC, GC
veya TLC) ya da kapiler elektroforez, spektrofoto-
metrik gibi analizlere ihtiya¢ duyulmaktadir (Barros
ve ark. 2020; Moradi ve ark. 2021; Thorakkattu ve
ark. 2022). LAB'lardan elde edilen postbiyotiklerin
kimyasal icerigi ve antimikrobiyal etkileri ile ilgili
bazi detayli arastirmalar mevcut olsa da bu konuda
yeterli sayida veri bulunmadigi gériilmektedir. ileri
teknolojik cihazlarin kullanilmasi ¢ogu laboratuvar
icin gercekten pahall ydntemlerdir ve rutin olarak
her elde edilen postbiyotige uygulanmalari mim-
kiin degildir. Ayrica, postbiyotiklerin gida glvenligi
ile ilgili mikroorganizmalara karsi kullanilmasi icin
oncelikle kaba kimyasal bilesimlerinin analiz edilme-
si ve in vitro antagonistik testlerle gida patojenlerine
karsi etkinliklerinin dlctilmesi uygun olabilir. Bu yiiz-
den, daha basit ve ucuz ydntemlerle postbiyotiklerin
antibakteriyel &zelliklerini ortaya koymak ve etkili
olduklari tespit edilince detayli analizleri uygulamak
yerinde olacaktir. Bu calisma, starter kiltiir amaciyla
da yaygin olarak kullanilan bazi LAB'larin MRS Brot-
h'da farkl inklibasyon sirelerinde (24, 48 ve 96 saat)
Urettikleri postbiyotiklerin normal, iki kat ve dort kat
yogunlastiriimis formlarinin toplam titre edilebilir
organik asit (laktik asit cinsinden) miktarini, pH de-
Jerini ve in vitro sartlarda bazi gida patojenleri (Sal-
monella spp., Listeria monocytogenes, E. coli 0157,
Metisilin direncli Staphylococcus aureus ve Brucella
melitensis) Uzerine antimikrobiyal etkilerini ortaya
koymak amaciyla ylrttilmustar.

Gere¢ ve Yontem

Calismada kullanilan laktik asit ve patojen
bakteri suslari

Calismada kullanilan LAB suglari, referans kodlari ve
fermantasyon tipleri Tablo 1'de verilmistir. Chr. Han-
sen firmasi tarafindan Uretilen Bactoferm™ B-LC-78
ticari kultira liyofilize halde Pediococcus acidilacti-
ci ve Staphylococcus cornosus suslar; Bactoferm™
B-FM ticari kulturl ise Latilactobacillus sakei ve
Staphylococcus xylosus suslari icermektedir. Bu ticari
kilturler ayri ayri De Man Rogosa and Sharpe Bro-
th (MRS Broth) besiyerinde 30°C'de 20 saat inklbe
(Memmert, Germany) edilerek aktive edildi. Aktivas-
yonun ardindan MRS Agar’a cizim yapildi ve geli-
sen kolonilerden gram boyama yapildi. Kok ve basil
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morfolojiye sahip olanlar P. acidilactici ve L. sakei
olarak izole edilerek ¢alismada kullanildi.

Calismada, Besin Hijyeni ve Teknolojisi Labora-
tuvar koleksiyonunda bulunan {i¢ adet Salmonella
spp. (Salmonella Enteritidis ATCC 13076, Salmo-
nella Typhimurium ATTC 14028 ve NCTC 12416),
U¢ adet Listeria monocytogenes (ATCC 7644, 13932
ve 19111), U¢ adet Escherichia coli O157:H7 (ATCC

Tablo 1: Calismada kullanilan laktik asit bakterileri

43890, 43895 ve 35150), bir adet metisilin-direncli
Staphylococcus aureus (ATCC 33591) ve saha izolati
olan iki adet Brucella melitensis tip Ill susu (Pendik
Veteriner Kontrol Enstitiisi (istanbul, Tiirkiye) ve Ba-
likesir Universitesi Veteriner Fakiiltesi Mikrobiyoloji
anabilim dalindan saglanmistir) patojen bakteri ola-
rak kullanilmistir.

Laktik asit bakterisi Kod

Glikoz fermentasyon tipi*

L. plantarum Bioferm DSMZ 16627

L. curvatus Bactoferm™ B-LC-48
L. sakei Bactoferm™ B-FM

L. paracasei ATCC 11974

L. rhamnosus ATCC 7469

L. fermentum ATCC 9368

L. reuteri DSM 17938, Biogaia®
Bactoferm™ B-LC-78

ATCC 11842

P, acidilactici

L. delburueckii subsp. bulgaricus

Fakiltatif heterofermentatif
Fakultatif heterofermentatif
Fakultatif heterofermentatif
Fakultatif heterofermentatif
Fakultatif heterofermentatif
Zorunlu heterofermentatif
Zorunlu heterofermentatif
Zorunlu homofermentatif

Zorunlu homofermantatif

*: LAB'In glikoz fermentasyon 6zellikleri De Angelis ve Gobbetti (2011) kaynagindan alinmistir.

Laktik asit bakteri postbiyotiklerinin eldesi ve
evaporasyon ile konsantre edilmesi

Gahsmada kullanilan LAB'larin her biri MRS Broth
besiyerinde 30 °C'de 24, 48 ve 96 saat gelistirildi.
inkiibasyon sonunda besiyerleri 5000 rpm'de 10 dk
santriflj edilerek slpernatantlari elde edildi. Elde
edilen sUipernatantlarin (postbiyotik Urinler) su kis-
mi evaporasyon (60 ‘C'de, 0.75 atm basincta) ile %50
ve %75 oraninda ugurularak 2x ve 4x yogunlukta
postbiyotik Uriinler elde edildi. Yogunlastiriimamis
(x), 2x ve 4x yogunlukta elde edilen postbiyotikler
0.22 mikron gozenekli filtreden gegirilerek steril
edildi (incili ve ark. 2022a).

Postbiyotiklerin pH ve titre edilebilir asitlik
degerlerinin olgiilmesi

Postbiyotiklerin pH degerleri dijital pH metre (HI
2211, Hanna Instruments, USA) kullanilarak olctlda.
Postbiyotiklerin icerdikleri titre edilebilir asit miktar-
larinin 8l¢imi igin, 5 ml postbiyotik icerisine 0.25 ml
fenolftalein indikatoru ilave edildi ve 0.25 N NaOH
(Merck, Emplura, Darmstadt, Germany) ile pembe
renk olusumu godzleninceye kadar titrasyon yapildi.
Titrasyon isleminde harcanan 0.25 N NaOH miktari
20 ile carpildi, bdylece 100 ml postbiyotik icin har-
canan NaOH miktar tespit edildi. Elde edilen sonug

0.0225 katsayisi ile garpilarak ¢ikan sonug % g laktik
asit olarak kaydedildi (Serter ve ark. 2024).

Patojen bakterilerin hazirlanmasi ve Agar
kuyucuk difiizyon testi

Her bir patojen bakteri susu Tryptic Soy Broth (TSB)
besiyerinde 35 °C'de 18-20 saat ayri ayri ¢ogaltildi.
inkiibasyon sonunda bakteri kiiltiiri iceren tiipler
sogutmali santrifijde 5000 rpm'de 5 dakika santri-
fuj edildi. Stpernatant uzaklastirildiktan sonra kalan
bakteri peleti 10 ml steril maximum recovery diluent
(MRD) igerisinde ¢ozdiirlldi ve tekrar santriflj edi-
lerek metabolit Grlinlerden arindirildi. Her bir bakte-
ri peleti 10 ml steril MRD igerisinde ¢ozdurtldikten
sonra patojen siispansiyonlari elde edildi. U¢ farkl
Salmonella susundan elde edilen siispansiyonlardan
T'er ml alinarak ayri bir steril tipte birlestirildi ve tip
steril MRD ile 10 ml'ye tamamlanarak Salmonella
spp. bakteri miksi hazirlandi. Ayni islem L. monocy-
togenes, E. coli O157 ve B. melitensis bakterileri icin
de tekrarlandi. Hazirlanan bakteri soltisyonlarindan
1 ml alindi ve ml'sinde yaklasik 108 civarinda bakte-
ri olacak sekilde dilue edildi. Mililitresinde yaklasik
108 bakteri iceren her bir solisyondan 1 ml alinarak
plaklara ilave edildi ve Gizerine Muller Hinton Agar
(MHA) eklendi. Besiyerinin katilasmasindan sonra
agar uzerinde belirli yerlere steril pipetin kit ucu
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yardimiyla 8 mm capinda kuyucuklar agildi. Bu kuyu-
cuklarin her birine daha 6nce hazirlanmis olan steril
LAB postbiyotiklerinden 150 pl olacak sekilde ilave
edildi ve plaklar 35 “C'de 24 saat inkiibasyona bira-
kildi. Kontol kuyucuguna 150 pl steril distile su ko-
nuldu. inkiibasyon sonunda kuyucuklarin ¢evresinde
olusan inhibisyon zon caplari milimetre biriminden
Olclilerek postbiyotiklerin antimikrobiyal etkinlikleri
degerlendirildi (Serter ve ark. 2024).

Postbiyotiklerin antimikrobiyal etkilerinin icer-
dikleri organik asitlerden mi yoksa icerdikleri diger
bilesiklerden mi kaynaklandigini anlamak igin post-
biyotiklerin pH’lari 5 N NaOH solusyonu ile pH 6.0'a
ayarlandi. pH degerleri 6.0'a ayarlanan postbiyotik-
ler yukarida anlatildigi sekilde agar kuyucuk difiiz-
yon yontemiyle patojen bakterilere karsi denenerek
inhibisyon zonu olusturup olusturmadiklari gézlendi
(Serter ve ark. 2024).

istatistiksel analiz

Galismanin tim asamalarn Gg tekrar olacak sekilde
gerceklestirildi. Her bir LAB postbiyotiginin pH, titre
edilebilir asit miktarlar ve patojen bakterilere karsi
agar kuyucukta olusturduklari inhibisyon zon caplari
calisma tekrart * inkiibasyon stiresi * postbiyotik kon-
santrasyonu olacak sekilde ana etkiler ve degisken-
ler arasi interaksiyonlar yonlinden varyans analizine
(ANOVA) tabii tutuldu. istatistiksel énem seviyesi
p<0.05 olarak belirlendi.

Bulgular

MRS Broth'da farkli stirelerde (24, 48 ve 96 saat) in-
kiibe edilen LAB'lardan elde edilen farkl konsantras-
yonlardaki (x, 2x ve 4x) postbiyotiklerin pH degerle-
ri, laktik asit cinsinden titre edilebilir asit miktarlari
ve gida patojenleri lzerine agar kuyucuk yontemi
ile gostermis olduklari inhibisyon zon caplar Tablo
2-4'de verilmistir.

LAB postbiyotiklerinin pH degerleri incelendi-
ginde, bakterilerin inklibasyon suresinin 24 saatten
48 veya 96 saate kadar uzatiimasinin postbiyotikle-
rin pH degerlerinde 6nemli bir degisiklik meydana
getirmedigi goruldi (p>0.05). Ayrica, elde edilen
postbiyotikler iki veya dort kat yogunlastirildiklarin-
da da pH degerlerinde dnemli bir degisim gozlen-
medi (p>0.05). Postbiyotiklerin pH degerleri bakteri
tlrlerine gore degisiklik gostermesine ragmen bir-
birlerine yakin degerlerdeydi. Yogunlastirilmamis
postbiyotikler arasinda en dusik pH degerine 96
saat inkUibasyona birakilmis L. curvatus bakterisi (pH
3.69) sahipken (Tablo 2), 2x ve 4x postbiyotiklerde

en disiuk pH dederine 96 saat inkiibasyona birakil-
mis L. sakei bakterisinin (sirasiyla pH 3.64 ve 3.61)
sahip oldugu goruldu (Tablo 2). Postbiyotikler ara-
sinda (x, 2%, 4x) en ylksek pH degerine ise inklibas-
yon suresinden bagimsiz olarak L. rhamnosus bakte-
risinin sahip oldugu goruldi (sirasiyla pH 4.12, 4.08
ve 4.05) (Tablo 4).

LAB'larin inklibasyon siireleri 24 saatten 48 veya
96 saate uzatildiginda yogunlastirilmamis postbiyo-
tiklerin titre edilebilir asit oranlarinda dnemli bir ar-
tis gozlenmedi (p>0.05). Ancak, L. sakei (Tablo 2) ve
L. reuteri 2x postbiyotiklerinin inkibasyon siiresinin
artmasina paralel olarak icerdikleri titre edilebilir asit
miktarlarinin da 6nemli derecede artis oldugu tespit
edildi (p<0.05) (Tablo 4). Benzer sekilde, L. rhamno-
sus ve L. reuteri 4x postbiyotiklerinde inkibasyon si-
releri uzadikca titre edilebilir asit miktarinda 6nemli
artis gozlendi (p<0.05) (Tablo 4). Yogunlastirimamig
postbiyotikler arasinda en duslk titre edilebilir asit
miktarina %1.41 ile 24 saat inkibe edilen L. rham-
nosus postbiyotigi sahipken (Tablo 4), en yliksek asit
icerigine %2.19 ile 48 ve 96 saat inkibe edilen L.
plantarum ve L. sakei (Tablo 2) postbiyotiginin sahip
oldugu goruldi. 2x ve 4x postbiyotikler arasinda en
duslk asit icerigine 24 saat inkiibe edilen L. reuteri
postbiyotiginin (2x icin %2.1 ve 4x icin %4.11), en
ylksek asit icerigine de 2x postbiyotiklerde 96 saat
inklibe edilen L. sakei (%3.66), 4x postbiyotiklerde de
L. plantarum’un (%7.08) sahip oldugu tespit edildi.

Salmonella spp. Gzerine en gli¢lt antimikrobiyal
etkiyi x ve 2x postbiyotiklerde sirasiyla 96 ve 24 saat
inklbasyona birakilmis L. curvatus (23.7 ve 28.7 mm)
gosterirken (Tablo 2), 4x postbiyotiklerde en glcli
antimikrobiyal etkiyi 29.3 mm zon caplariyla 48 saat
inklbe edilmis L. curvatus (Tablo 2) ve L. sakei (Tablo
2) postbiyotikleri gosterdi (Tablo 3). L. rhamnosus ve
L. reuteri (Tablo 4) suslari MRS Broth icerisinde 24
saatten 96 saate kadar inklbe edildiklerinde Salmo-
nella spp. lzerine gosterdikleri inhibisyon zonlarinda
onemli bir artis gorilmedi (p>0.05). Benzer sekilde,
L. curvatus'un 2x yogunlastirilmis postbiyotigi harig
(Tablo 2), calismadaki diger LAB'larin MRS Broth'daki
inklbasyon sureleri uzamasina ragmen Salmonella
spp. tzerine olusturduklari inhibisyon zonlarinda bir
artis gozlenmedi (p>0.05).

LAB'larin (P acidilactici'nin 4x postbiyotigi ha-
ri¢) inklibasyon sireleri 24 saatten 48 veya 96 sa-
ate uzatilmasina ragmen L. monocytogenes Uzerine
antimikrobiyal etkileri arasinda farklilik gérilmedi
(p>0.05). Yogunlastirilmamis postbiyotikler arasin-
da L. monocytogenes Uizerine en zayif etkiyi 48 saat
inklbe edilmis L. fermentum (17.7 mm) (Tablo 3),
en gicli etkiyi ise 48 saat inklibe edilmis L. curva-
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tus (22.0 mm) postbiyotiginin gosterdigi goruldi
(p<0.05) (Tablo 2). 2x ve 4x postbiyotikler arasinda L.
monocytogenes Uzerine en glcli antimikrobiyal et-
kiyi sirasiyla 24 mm ve 29 mm inhibisyon zon ¢apiyla
24 saat inklibe edilmis L. plantarum postbiyotikleri
gosterdi (Tablo 2).

E. coli O157 Uzerine en gugli antimikrobiyal
etkiyi yogunlastinlmamis postbiyotikler arasinda 96
saat inktbe edilmis L. plantarum (22.7) (Tablo 2), 2x
postbiyotikler arasinda ise 96 saat inklibe edilmis P,
acidilactici (24.7 mm) postbiyotigi gosterdi (Tablo 3).
P acidilactici’'nin 4x postbiyotigi harig, diger LAB'la-
rin inklibasyon sureleri 24 saatten 96 saate uzatil-
masina ragmen E. coli O157 Uzerine antimikrobiyal
etkileri arasinda farklilik gértilmedi (p>0.05). Postbi-
yotiklerden 4x grubunda hepsinin E. coli O157 (ize-
rine etkilerinin arttigi, en glicli etkiyi ise 30 mm zon

cap! ile 96 saat inkibe edilmis L. plantarum postbi-
yotiginin olusturdugu gorilda.

Metisilin direngli Staphylococcus aureus (MRSA)
Uzerine en gl¢li antimikrobiyal etkiyi x ve 4x postbi-
yotikler arasinda MRS Broth'da 24 saat inkiibe edil-
mis L. plantarum (sirasiyla 22.7 ve 30.7 mm) g0sterir-
ken, 2x postbiyotiklerde yine 96 saat inkiibe edilmis
L. plantarum postbiyotigi (25.0 mm) gOstermistir
(Tablo 2). 4x postbiyotiklerin hepsinde antibakteri-
yel etkinlikte artis belirlendi. Ancak bu artislar bazi
LAB'larda istatistiksel olarak 6nemli iken bazilarinda
dnemsiz seviyede gozlendi. Ozellikle L. plantarum
ve L. sakei'den elde edilen 4x postbiyotiklerin MRSA
Uzerine en guclu etkiyi gosterdikleri tespit edildi. P
acidilactici'nin 4x postbiyotigi hari¢ (Tablo 3), diger
LAB'larin inklbasyon sureleri 24 saatten 96 saate
uzatilmasina ragmen MRSA lzerine antimikrobiyal
etkileri arasinda farklilik gérilmedi (p>0.05).

Tablo 2: MRS Broth icerisinde farkl: siirelerde inkiibe edilen L. plantarum, L. curvatus ve L. sakei’den elde edilen postbiyotiklerin
iki (2x) ile dort kat (4x) yogunlastirilmasindan sonra sahip oldugu pH, titre edilebilir asit miktar1 (%g laktik asit cinsinden) ve agar
kuyucuk yonteminde patojen bakteriler iizerine gosterdikleri inhibisyon zon ¢aplart (mm)

L. plantarum

L. curvatus L. sakei

Postbiyotik ;:I:::a(:)a,::) inkiibasyon siiresi (saat) inkiibasyon siiresi (saat)
yogunlugu 24 48 96 24 48 96 24 48 92
X 3.83+£0.11  3.72+0.08 3.74+0.12 3.90+0.16 3.73+0.05 3.69+0.12 3.94+0.17 3.77+0.09 3.74+0.06
pH 2x 3.87+£0.06 3.75+0.14 3.76+0.06 3.88+0.08 3,86+0.09 3.75+0.05 3.83+0.06 3.75+0.09 3.64+0.04
4x 3.80+£0.07 3.67+0.11 3.67+0.04 3.83+0.12 3.71+0.08 3.62+0.11 3.68+0.11 3.73+0.09 3.61+0.15
X 1.97°#0.02 2.194£0.10 2.19°+0.14 1.77°+0.14 2.16*+0.16 2.16*+0.09 1.86*+0.14 2.19*+0.14 2.19*+0.10
Titre edilebilir asitlik 2x 3.63'+0.14  3.62/+0.11 3.63'+0.19 3.33"+0.24 3.36+0.10 3.59/+0.10 3.30%+0.09 3.45*%+0.14 3.66%+0.19
4x 6.78220.65 7.052+0.53 7.087+0.29 6.217+0.59 6.78+0.43 6.982+0.12 6.56°+0.31 6.87°+0.32 6.932+0.24
Patojen bakteriler inhibisyon zon caplari inhibisyon zon caplari inhibisyon zon caplari
X 21.7*¢1.5  20.3*+2.1  233*20 21010 220425 23.79+20 20.7°¢21 21.7"¢1.0 20.9+1.0
Salmonella spp. 2x 26.3v+1.5  2239#23 2739123 287M+19 24.7"+17 217%x1.1 2479+21 247+19 220417
4x 27.4+19  26.3v+2.1 283206 277206 29.3'+1.1  27.0+0.1 29.00+1.0  29.3v+0.6  27.0+1.0
X 20.7*+2.1 20.7*+1.5 20.04£1.0 19320 22.0#1.0 19.7*¢1.5 20.7*¢12 20.7*¢12 20.7*+15
L. monocytogenes 2x 24.0:¢1.7  2339+1.5 23.7v£12 217915 227406 22.7°+0.6 24.0:¢1.5 23.7*¢12 23.0v+2.0
4x 29.0£1.0  26.7v+2.1  2877+1.5 25306 27.3v£15 27.3y+15 253'+12 233+12 26.3'+15
X 21.0°¢1.5 22621 22.7%2.1 21016 21.7°£06 21.00#2.0 21.3*¢23 22312 21.7%%15
E. coli 0157 2x 20.00£1.0 21323 237706 20.7*+2.1 22010 19.3+15 227421 223+15 21.7°+0.6
4x 27.77£1.2 27.00+2.6  30.00£1.0 26.7'£1.5 29.00+1.0 26.3v£1.5 25715 26,7716 27.00£1.0
X 22.7°£1.2 20.00£2.0 21.3*+2.1 20.3*+0.6 20.3*+2.5 21.3*¢2.1 19.7*¢15 22.00£1.0  22.3*¢1.2
S. aureus* 2% 22.7£1.2 21.3+0.6 25.09+1.0 23.39+23 23315 23.79+06 227912 23.7°+1.2 2239123
4x 30712 26.3¥+1.2  29.3¥+3.0 23.7+0.6 25.00#2.0 27.77%#25 26.3+2.1 267715  29.3/#2.1
X 19.00#1.0  21.09+2.0 18.7°+0.6 19.7%#0.6 19.3**12 20.3*+25 20.7#2.1 187415 20.3*+15
B. melitensis 2x 240917 19312 20026 2279+15 20017 2139+06 18.7°+0.6 20.0°+1.7 19.3*+12
4x 25712 23.0°+0.6  27.3¥x12 227206 24.0'+25 24.0£17 240017 257723  26.77+18

Her bir patojen bakteri kendi icerisinde degerlendirilmistir. ¥ Ayni siitunda farkli harfleri tasiyan ortalamalar farkhdir (P<0.05).
AB: Ayni satirda farkh harfleri tasiyan ortalamalar farklidir (P<0.05).*metisilin direngli S. aureus
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Tablo 3. MRS Broth icerisinde farkl strelerde inklibe edilen P acidilactici, L. fermentum ve L. delburueckiiden elde edilen
postbiyotiklerin iki (2x) ile dort kat (4x) yogunlastiriimasindan sonra sahip oldugu pH, titre edilebilir asit miktari (%g laktik asit
cinsinden) ve agar kuyucuk yonteminde patojen bakteriler tizerine gosterdikleri inhibisyon zon caplari (mm)

P, acidilactici

L. fermentum L. delburueckii

inkii basyon siiresi (saat)

inkﬁbasyon siiresi (saat) inkﬁbasyon siiresi (saat)

Postbiyotik
yogunlugu 24 48 96 24 48 96 24 48 9
x 3.96+0.10 3.87+0.08 3.83+0.11 4.10+0.05 4.04+0.12 4.10+0.07 3.99+0.10 3.94+0.14 3.92+0.11
pH 2x 3.93+0.10 3.84+0.12 3.82+0.12 4.03+0.07 3.99+0.12 4.03+0.15 3.97+0.12 3.90+0.17 3.87+0.10
4x 3.77£0.15 3.80+0.09 3.77+0.15 3.94+0.06 3.92+0.08 3.89+0.10 3.93+0.07 3.85+0.09 3.81+0.13
X 1744027 1.98+0.18 1.95%+0.21 1.50*+0.14 1.71*+0.16 1.68+0.05 1.65*+0.05 1.80*+0.18 1.80*+0.09
Titre edilebilir asitlik 2x 321+0.14 3.33/+0.18 3.42+0.09 2.79'+0.16 2.94/+0.19 2.76'+0.14 2.97/+0.16 3.09'+0.27 3.09"+0.19
4x 6.337£0.19 6.30°£0.27 6.45+0.36 5.49°+0.24 534°+0.19 5317+0.18 5.527+0.19 5.67:+0.24 5.88?+0.19
Patojen bakteriler inhibisyon zon caplari inhibisyon zon caplari inhibisyon zon caplari
X 20.00+2.1 2177421 22.7%#0.6 17.3*+1.1 18020  20.0+20 19.7%+2.1 19.00+1.7 20.0*+0.6
Salmonella spp. 2x 24.0°£17  23.09+20 20.7°+0.6 19.79+0.6 20.0+12  20.0+06 18.7°+0.6 20.00+1.5 22.09+2.1
4x 24.0°£23  28.00£1.7  26.00+1.5 227725 220+17  220+£20 27.00+20 23.00+23 25.00+0.6
X 21.3+22  21.00#1.7 20.3*+1.8 187*+21 17.7*¢+1.5 187406 20.0°+1.0 19.0°+1.0 19.7°+2.1
L. monocytogenes 2X 23.3+1.5 23.00£2.0 23315 20.00420 20.79+2.1 20.79+15 19.7%+2.1 20.00£1.0 20.79+2.3
4x 233%+£12 24.3%+0.6 28.9v:0.6 23.7%+2.1 23.3v+2.0 23312 23.7%21 23.77£0.6 24.77£0.6
X 20.3*+25  19.00#1.0 22.00#1.0 187+12  193#12 187412 203+25 17.00#1.0 19.0:+17
E. coli 0157 2x 243412  21.3#15 247+21 187+12 183+#06  17.7+0.6 19.3+15 21.0'+1.0 19.3*+0.6
4x 247421 22.3%+23  28.7M+06 21.7+2.1 213423 223#25 217415 237712 23.0'+1.0
X 19.00#1.0  19.7%¢15 21.0+1.0 183+0.6 18.3+15 19.0+#1.0 17.3+21 183**0.6 19.7°+0.6
S. aureus* 2x 21.79£0.6 240010 22721 173406 19.0#1.0 193423 16.7%+1.5 23.04+2.0 19.74%+0.6
4x 24.3%2+12 22389421 287M+1.5 233v+23 237v+1.2  22.00420 23.3v+2.1  24.0+17 23.7+15
X 19.3*#23  19.0°+1.0 19.7*¢1.5 17.3+0.6 17.7%£0.6  17.0¢1.7 17.7°£0.6 19.79+25 17.3*+0.6
B. melitensis 2x 20.3*+25 220917 20.7°#1.2 17.7°#12 17.7*+06 1879+£12 180400 19.3+12 17.3*¢12
4x 22.0:+17  24.0£17 24306 237%+0.6 20.0"%+2.0 20.7%x12 23.7/£12 22.00+1.7 21.3v%15

Her bir patojen bakteri kendi icerisinde degerlendirilmistir. ¥ Ayni siitunda farkli harfleri tasiyan ortalamalar farkhdir (P<0.05).

AB: Ayni satirda farkl harfleri tagiyan ortalamalar farklidir (P<0.05).*metisilin direngli S. aureus

B. melitensis Gzerine yogunlastirilmamis postbi-
yotikler arasinda en zayif etkiyi 48 saat inkibe edil-
mis L. reuteri (16.3 mm) (Tablo 4), en guglu etkiyi ise
48 saat inklibe edilmis L. plantarum (21.0 mm) post-
biyotiginin gosterdigi gorildu (p<0.05) (Tablo 2). 2x
postbiyotikler arasinda en guglu antimikrobiyal etki
24 saat inklibe edilmis L. plantarum postbiyotigin-
de (24 mm), yine 4x postbiyotikler arasinda da 96
saat inklbe edilmis L. plantarum postbiyotiginde
(27.3 mm) goruldu. L. reuteri’nin 4x postbiyotigi ha-
ri¢ (Tablo 3), diger LAB'larin inkiibasyon sireleri 24
saatten 96 saate uzatilmasina ragmen B. melitensis
Uzerine antimikrobiyal etkileri arasinda farklilik g6-
rilmedi (p>0.05).

Postbiyotiklerin icerdikleri asit 5N NaOH ile
notralize edildikten sonra tekrar MHAda yapilan
agar kuyucuk testlerinde patojen mikroorganizma-

lara karsi kuyucuklar ¢evresinde zon tespit edilmedi
(veri gosterilmedi). Dolayisiyla postbiyotiklerin ser-
giledikleri antimikrobiyal etkinin icerdikleri organik
asitlerden kaynaklandigi kanaatine varildi.

Tartisma ve Sonug

Organik asitler postbiyotikler icerisindeki en dnemli
antimikrobiyal etkiye sahip bilesikler olarak bilinir.
LAB'lar, MRS Broth besiyerinde gelisimleri esnasin-
da besiyeri icerisindeki glikozu (20 g/L) kullanarak
organik asit Uretirler (Zalan ve ark. 2010). Organik
asitler ortamin pH degerini 6nemli 6l¢lide dusu-
rerek patojenleri inhibe eder (Mani-Lépez ve ark.
2012). Mevcut calismada, kullanilan LAB’lara birey-
sel olarak bakildiginda MRS Broth icerisinde inki-
basyon sureleri uzamasina (24, 48 ve 96 saat) rag-
men postbiyotiklerinin pH degerleri arasinda 6nemli
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bir farklilik gériilmedi (p>0.05) (Tablo 2-4). Ornegin,
L. plantarum MRS Broth icerisinde 24, 48 ve 96 saat
inklibe edildiginde elde edilen postbiyotigin pH de-
gerlerinin sirasiyla 3.83, 3.72 ve 3.74 oldugu (Tab-
lo 2) ve aralarinda énemli bir farklilik bulunmadigi
tespit edildi (p>0.05). Bu durumun kullanilan diger

tim LAB'lar icin de gecerli oldugu gorildi. Ancak,
postbiyotiklerin pH degerleri acisindan bakteri tiir-
leri arasinda farkhliklar oldugu ve genel olarak L. fer-
mentum’'dan elde edilen postbiyotigin pH degerinin
diger postbiyotiklerden daha yiiksek oldugu tespit
edildi (p<0.05).

Tablo 4: MRS Broth icerisinde farkli stirelerde inklibe edilen L. paracasei, L. rhamnosus ve L. reuterii'den elde edilen postbiyotik-
lerin iki (2x) ile dort kat (4x) yogunlastiriimasindan sonra sahip oldugu pH, titre edilebilir asit miktari (%g laktik asit cinsinden)
ve agar kuyucuk ydnteminde patojen bakteriler Gzerine gdsterdikleri inhibisyon zon ¢aplari (mm)

L. paracasei L. rhamnosus L. reuterii

inkiibasyon siiresi (saat) inkiibasyon siiresi (saat) inkijbasyon siresi (saat)

Postbiyotik
yogunlugu 54 48 96 24 48 9 24 48 96
x 3.95+0.08 3.89+0.10 3.94+0.08 4.12+0.14 3.98+0.10 3.95+0.09 3.98+0.04 3.92+0.08 3.93+0.20
pH 2x 391+0.06 3.86+0.05 3.88+0.10 4.08+0.13 3.92+0.06 3.91+0.09 3.94+0.05 3.91+0.06 3.91+0.17
4x 3.89+0.08 3.88+0.07 3.83+0.12 4.05+0.09 3.96+0.10 3.89+0.08 3.89+0.04 3.90+0.06 3.86+0.14
X 1.83*+0.05 1.98+0.16 1.74+0.14 1.41+0.14 1.65+0.10 174+0.19 159027 1.62*+0.16 1.80*+0.09
Titre edilebilir asitlik 2x 3.06£0.09 3.45'+0.23 3.03¥+0.29 2.88v+0.18 2.97v+0.18 2.88'+0.24 2.10v+0.10 2.374+0.05 2.94%+0.19
4x 5.732£0.29 5.58£0.24 5.89°+0.19 4.622+0.19 5.34%2+0.19 5.58%+0.16 4.11%+0.10 4.7182+0.29 5.46°+0.23
Patojen bakteriler inhibisyon zon gaplari inhibisyon zon gaplari inhibisyon zon gaplari
X 21.19+15 207906 19.00#1.0 19.3+20  19.7+0.6 18.7+£2.3 19.3+1.5 20.7+2.1 20.3+0.6
Salmonella spp. 2x 18.7%¢1.5 18.7*¢1.5 23.79+15 19.7+0.6 22.0£1.0 23.0£2.5 20.7£0.6 21.0£2.0 22.3%2.1
4x 23.00+1.7  22.7v+21  22.7+0.6 227132 22.7+2.5 24.0+2.6 21.0£3.0 21.0+1.7 23.3+2.1
X 19.0¢1.0 17.8+15 19.3*+0.6 20.0°t1.6 18.7°¢15 19.0:+2.0 19.0041.0  20.7°#19  19.3*+19
L. monocytogenes 2x 21.00420 20.5v%2.1 2339+2.1 20321 19.7%¢0.6  19.00£1.0 19.04+1.0 197706  20.0+2.0
4x 243v£0.6 24.2x15 247V +£21 23.0420 250017 233425  22.3+1.1 207711 23.3*25
X 18.3+0.6  19.3*+¢1.2 19.0041.0 19.3*4#25 19.7°¢2.1 18.0+0.0  20.3**2.1 20.77#2.1  19.3*+0.6
E. coli 0157 2x 20.3+0.6  17.00£1.7 20.09+2.0 18312 17.0041.7 20.3'+06  19.0%+1.7 17312 21.0#1.0
4x 23315  247+1.1 2400%1.7 220420 243+15 24000  22.7*+2.1 19.3+1.5 250017
X 16.7%¢0.6  19.3*¢15 16.7+2.1 17.0041.7 17.7"#12 18715 16.0+1.0 18.042.6  19.3+0.6
S. aureus* 2x 15312 18715 19.09+2.6 16.7°+15 16.3*+0.6  18.3*+0.6 15.0¢+1.0 18.0+1.7  19.0°+1.0
4x 247v+0.6 233423 237715 20.0042.0 23.0v+2.0 24.0'+26 21.77+0.6  20.3*+25 24.7/+25
X 17.340.6  19.7*+25 17.3+12 16.7°+12 19.0041.0 17.7*+0.6 16.7%+1.5 16.3+1.5  18.7°+0.6
B. melitensis 2x 17.77¢0.6  19.3*+1.2 19.3¥+0.6 183¥+25 18.7+12 20315 16.7%+1.5 19.3v+15  18.3+1.2
4x 23.7v£12  24.0+1.0 22.3¥+06 20.7'+15 223420 24.0°+20 193*+12 20.7"%+0.6 23.3%+1.5

Her bir patojen bakteri kendi icerisinde degerlendirilmistir. ¥z Ayni siitunda farkli harfleri tasiyan ortalamalar farkhdir (P<0.05).
AB: Ayni satirda farkl harfleri tagiyan ortalamalar farklidir (P<0.05).*metisilin direngli S. aureus

Genel olarak L. plantarum, L. curvatus ve L. sakei
postbiyotiklerinin titre edilebilir asitlik degerlerinin
calismada kullanilan diger LAB'lardan daha yiiksek
oldugu tespit edildi. Bilindigi gibi, homofermentatif

Postbiyotiklerin karakteristikleri elde edildikleri
bakteri tirlerine ve bakterilerin gelistigi kultir orta-
mina gore degiskenlik gostermektedir (Moradi ve
ark. 2020; Sabahi ve ark. 2022). Elde edilen postbi-

yotiklerin pH durumunun LAB'larin metabolizmalari
sonucu Urettikleri organik asitlerle birlikte degerlen-
dirilmesi daha uygun olacaktir. Postbiyotikler titre
edilebilir toplam asitlikleri bakimindan da incelen-
diginde, bakterilerin inkiibasyon siiresinin uzamasi-
nin Uretilen organik asit miktarinda énemli bir fark-
hhk olusturmadigi tespit edildi (p>0.05) (Tablo 2-4).

LAB'lar glikozdan %90-95 oraninda laktik asit sen-
tezlerken, heterofermentatif LAB'lar asetik asit, ase-
ton, CO,, diasetil ve etanol ile birlikte laktik asidin
%50'sini Uretebilmektedir (Gunkova ve ark. 2021).
Mevcut galismada postbiyotiklerdeki % laktik asit
miktari  postbiyotiklerin asit-baz titrasyonu sonu-
cunda harcanan NaOH miktarina gére hesaplandi.
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Dolayisiyla, hesaplamada baskin organik asit (laktik
asit) dikkate alindigindan laktik asit bakterilerinin
Urettigi diger organik asitlerin miktari hakkinda fikir
vermemektedir.

Dusuk pH (ya da yuksek laktik asit miktari) laktik
asit bakterileri icin gelismeyi kisitlayici bir faktordur.
Laktobasillerin distk pH degerlerinde metabolik
bozulmaya yatkin olduklari, stres seviyesine bagli
olarak hicrelerin ana metabolik aktivitelerini azalt-
tiklari, bu durumun enerji sentezinin, proton hareket
glcunln, blylimenin ve canliligin azalmasina neden
oldugu belirtilmistir (De Angelis ve Gobbetti 2011).
Bundan dolayi, MRS Broth icerisinde inkiibasyon su-
resi uzamasina ragmen laktik asit bakterileri laktik
asit Uretimini durdurmus olabilir. Bu ytizden, postbi-
yotiklerin titre edilebilir asit miktarlarinda énemli bir
farklilik gérilmemis olabilir.

Elde edilen postbiyotikler 2x ve 4x yogunlas-
tirlldiklarinda titre edilebilir asit miktarlari dnemli
oranlarda artis gosterdi (p<0.05). Ancak, 2x ve 4x
postbiyotiklerin asit miktarlari artmasina ragmen pH
degerlerinde 6nemli bir dists gorilmedi (p>0.05)
(Tablo 2-4). Bilindigi gibi titre edilebilir asitlik bir ¢6-
zeltideki toplam ayrismis ve ayrismamis asitleri ol-
cer. pH ile titre edilebilir asitlik arasinda dogrudan
veya ongorulebilir bir iliski olmadigi, ancak pH'nin
asitlerin ayrisma yeteneklerinden etkilendigi belirtil-
mistir (Tyl ve Sadler 2017). Mevcut bu ¢alismada da,
postbiyotikler konsantre edildiklerinde iclerinde bu-
lunan tim ayrismis ve ayrismamis 6zellikte bulunan
asitlerin miktari artsa da aralarindaki oranti degis-
mediginden pH degerlerinde 6nemli bir degisiklik
gorilmemis olabilir.

Postbiyotiklerin patojen bakteriler Uzerine in-
hibisyon &zellikleri dederlendirildiginde, genel ola-
rak en glclu antimikrobiyal etkiyi L. plantarum, L.
sakei ve L. curvatus'tan elde edilen postbiyotiklerin
gosterdigi tespit edildi. L. plantarum, L. sakei ve L.
curvatus fakiltatif heterofermentatif bakterilerdir.
Fakultatif heterofermentatif LAB'lar heksozlari ya ta-
mamen laktik aside ya da laktik asit, asetik asit, eta-
nol ve formik aside fermente ederler (De Angelis ve
Gobbetti 2011). Mun ve ark. (2019) L. plantarum’'un
antimikrobiyal ve antifungal etkisini arastirdikla-
r calismalarinda, L. plantarum’un organik asit ola-
rak laktik asit (%75.2), asetik asit (%17.9), sitrik asit
(%6.5) ve fenillaktik asit (%0.3) olusturdugunu tespit
etmislerdir. Heterofermentatif karakterdeki L. curva-
tus, L. sakei ve L. plantarum postbiyotiklerinin ho-
mofermentatif P. acidilactici ve L. delburueckii subsp.
bulgaricus postbiyotiklerinden daha gti¢lii antibak-
teriyal etki gdstermesinin sebebi laktik asit ve asetik
asidin birlikte sinerjistik etki gostermesinden kay-

naklanmis olabilir. Habeeb ve ark (2021) laktik asit
ve asetik asidin birlikte kullanildiklarinda sinerjistik
antibakteriyal etkiye sahip oldugunu belirtmislerdir.
Mevcut ¢alismada L. paracasei, L. rhamnosus, L. fer-
mentum ve L. reuteri heterofermentatif karakterde
LAB'lar olsa da Urettikleri postbiyotiklerin titre edi-
lebilir asit miktarlari distk kalmistir (Tablo 3-4). Bu
ylzden antimikrobiyal etkilerinin de L. plantarum, L.
curvatus ve L. sakei postbiyotiklerine nazaran disik
kalmasi beklenebilir. Calismamizda % laktik asit mik-
tari asit-baz titrasyonu sonucu harcanan NaOH mik-
tarina gore hesaplanmistir. Formilde, materyaldeki
hakim organik asit (laktik asit) dikkate alinarak he-
saplama yapildigi icin laktik asit bakterilerinin Gretti-
gi diger organik asitler de laktik asit hesabina dahil
olmakta ve diger organik asit miktarlari hakkinda
fikir vermemektedir.

Bakteriyosinler, Lactobacillus ve bifidobakteriler
gibi gesitli bakteriler tarafindan uretilen antibakteri-
yel aktiviteye sahip peptitler veya proteinlerdir. Bak-
teriyosinlerin patojenik bakterilerin blyimesini ve
gelismesini engellemek gibi bircok olumlu etkiye sa-
hip olduklari, ayrica 1siya ve pH'ya dayanikli olduklari
bildirilmistir (O'Connor ve ark. 2020). Postbiyotikle-
rin antimikrobiyal etkilerinin organik asitlerden veya
organik asit disi bilesiklerden ileri gelip gelmedigini
anlamak icin, postbiyotik bir alkali ile (genellikle 5
N NaOH) pH degeri 6.0-7.0'ye ayarlanir ve antimik-
robiyal testler uygulanir (Moradi ve ark. 2021). Bu
calismada, postbiyotiklerin pH degerleri 5 N NaOH
ile pH 6.0'a ayarlandiktan sonra yapilan testlerde ku-
yucuklarin cevresinde inhibisyon zonu olusmadigin-
dan antimikrobiyal etkinin postbiyotiklerin icerdikle-
ri organik asitlerden kaynaklandigi, bakteriyosin ve
diger bilesiklerin (bakteriyosin benzeri inhibitor bile-
sikler, hidrojen peroksit, diasetil, kisa ve uzun zincirli
yag asitleri ve etanol) antimikrobiyal etki olustura-
cak dlzeyde bulunmadiklar kanaatine varilmistir.
LAB'lar tarafindan sentezlenen en 6nemli antimik-
robiyallerin laktik asit ve asetik asit oldugu, bunla-
rin yani sira distk konsantrasyonlarda ¢ok cesitli
bilesiklerde sentezledikleri bildirilmistir (Mani-Lopez
ve ark. 2022). Sentezlenen bu bilesiklerin bir kismi-
nin kendi minimum inhibisyon konsantrasyonlarinin
altinda olabilecegdi (Nasrollahzadeh ve ark. 2022),
ancak cok duslk konsantrasyonlarda dahi olsa da
sentezlenen bu bilesiklerin laktik asit ve asetik asitle
sinerjistik etki gostermelerinin mimkun oldugu ileri
strlmistir (Garcia-Diez ve ark. 2021).

Arena ve ark. (2016) sarap ve siradan izole et-
tikleri 79 adet L. plantarum susundan elde ettikleri
postbiyotiklerin pH'lari nétralize edildikten sonra
L. monocytogenes, E. coli O157:H7, S. Enteritidis ve
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S.aureus patojenlerine karsi ¢ok az inhibisyon etkisi
gozlediklerini ya da hi¢ gdzlemleyemediklerini be-
lirtmiglerdir. Divyashree ve ark. (2021) yaptiklari ¢a-
hismada laktik asit bakteri slipernatantlarinin S. Pa-
ratyhpi'ye karsi inhibe edici etkilerinin organik asit-
lerden kaynaklanabilecegi sonucuna varmislardir.
Arastirmacilarin aldiklari sonug yapilan bu calismay-
la uyumludur. LAB’ larin bazi suslarinin bakteriyosin
sentezi yaptiklari bildirilmis olsa da, bakteriyosin
Uretiminin besiyeri ortamina, inkiibasyon kosullari-
na, biyokitleye, pH, sicaklik ve Greme fazlarina bagli
oldugu, bakterilerin gelismesi icin optimum olan ko-
sullarin bakteriyosin Uretimi icin ideal olmayabilece-
gi bildirilmistir (Zhou ve ark. 2015).

Bildigimiz kadariyla, laktik asit bakteri postbiyo-
tiklerinin Brucella spp.ye karsi antimikrobiyal etkisi-
ni arastiran bir calisma literatlirde bulunmamaktadir.
Elde edilen veriler incelendiginde, calismada kulla-
nilan postbiyotiklerin B. melitensis tip Il lizerinde
antimikrobiyal etkiye sahip olduklari, ancak olustur-
duklari zon ¢aplarinin L. monocytogenes, Salmonella
spp., E. coli 0157 ve metisilin direncli S. aureus Uze-
rinde olusturduklari zon caplarina gore daha disik
oldugu gorildi. Sonuglar degerlendirildiginde, B.
melitensis tip ll'Uin organik asitlere karsi nispeten
direncli oldugu ileri sirulebilir. Brucella spp.lerin
minimum 4.1 pH'da hayatta kalabildigi belirtilmek-
tedir (Jansen ve ark. 2019). El-Khawas ve Elbauomy
(2015) tarafindan yapilan ve distk asitli yumusak bir
peynir (Karish peyniri) tirlinde B. melitensis lizerine
organik asitlerin etkisinin incelendigi bir calismada,
B. melitensis'in %1 asetik asit veya %1.5 sitrik asitten
etkilenmedikleri, %1.5 asetik asit ve %2 sitrik asidin
ise inhibe edici etkilerinin oldugu bildirilmistir.

Sonug olarak, bu ¢alismada kullanilan LAB post-
biyotiklerinin antimikrobiyal etkilerinin icerdikleri
organik asitlerden kaynaklandigi tespit edilmistir.
Laktik asit bakterisinin MRS Broth besiyeri icerisinde
inklbasyon siresinin 24 saatten 96 saate uzatilma-
sinin organik asit Uretimini dnemli seviyede artirma-
digi (p>0.05) ve postbiyotigin pH degerini dnemli
seviyede degistirmedigi gérilmistir (p>0.05). inki-
basyon surelerinden bagimsiz olarak, laktik asit bak-
terilerinden elde edilen postbiyotiklerin iki veya dort
kat konsantre edilmelerinin icerdikleri titre edilebilir
organik asit miktarlarini dnemli seviyede artirdigi
(p<0.05), ancak pH degerlerinde 6nemli bir degisik-
lige sebep olmadigi tespit edilmistir (p>0.05). Post-
biyotikler iki veya dort kat konsantre edildiklerinde
icerdikleri organik asit miktarlarindaki artisa paralel
olarak patojen bakteriler tizerinde gdsterdikleri inhi-
bisyon zon alanlarinin arttigi ve daha gticli antimik-
robiyal etki gosterdikleri gorilmustir. Calisilan laktik

asit bakterileri arasinda patojen bakteriler Gizerine en
glcli antimikrobiyal etkiyi L. plantarum, L. sakei, L.
curvatus ve P, acidilactici bakterilerinden elde edilen
postbiyotiklerin gosterdigi tespit edilmistir.

Calismada elde edilen bulgularin laktik asit bak-
terilerinden elde edilen postbiyotiklerin gidalarda raf
Omrind artirmak veya mikrobiyal riskleri azaltmak
acgisindan yapilacak olan ilerideki calismalara faydali
veriler saglayacagi dustnulmektedir. Postbiyotikle-
rin icermis olduklari organik asitler ile antimikrobiyal
diger bilesiklerin cesit ve miktarlarina yonelik daha
ayrintili cahismalar yapilmasi, bu organik Grtnlerin
gida ve saglik alanlarinda kullanilma olanaklarina
dair daha gUclu veriler ortaya koyacaktir.

Etik kurul karan: Calisma canli 6rnek materyali
icermemesi nedeniyle etik kurul izni gerektirmeyen
calismalar arasinda yer almaktadir.

Maddi destek ve cikar iligkisi: Bu calisma, Balikesir
Universitesi Bilimsel Arastirma Projeleri Birimi tara-
findan (Proje No: 2021-129) desteklenmistir.
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Ozet: Sigir paratiiberkiilozu (PTB) sigirlarin granulomatoz gastroenteritle karakterize kronik seytirli, bulasic,
zoonoz bir hastaligidir. Stt sigircihgr sektériinde 6nemli ekonomik kayiplara sebep olmakla birlikte zoonotik
karakterli olmasi insanlarda goériilen Chron'’s hastaliginin temelini olusturabilme olasiligini disiindiirmektedir. Bu
calismada paratuberkiiloz hastaliginin Ege Bolgesi'nde yetistirilen stt sigirlarindaki seroprevalansinin belirlenmesi
amaclanmigtir. 2022 yili icerisinde izmir, Mugla, Denizli, Aydin, Kiitahya ve Usak illerinden tesadiifi érnekleme ile
secilip Bornova Veteriner Kontrol Enstitlisi’'ne gonderilen 2 yasindan biyik asilanmamis stt sigirlarina ait 1000
adet kan serumu Uzerinde calisiimistir. Bu amacla diger tani ydntemlerinden avantajli oldugu belirlenen ELISA
yontemi kullanilmistir. Calisma materyalinin ELISA ile incelenmesi sonucunda toplamda 84 (%8,4) 6rnek pozitif; 28
(%2,8) 6rnek stpheli bulundu. 888 (%88,8) serum 6rnegi ise negatif olarak tespit edildi. Elde edilen veriler 1siginda
serumlarda seropozitifligin gérilmesi hastaligin bolgede halen varligini korudugunu, koruma, kontrol ve eradikasyon
yontemlerinin belirlenerek uygulanmasinin gerekli oldugunu distindiirmektedir.

Anahtar kelimeler: Ege Bolgesi, ELISA, paratuberculosis, parattberkiloz, sigir

Determination of paratuberculosis seroprevalence in cattle in the Aegean Region

Abstract: Bovine paratuberculosis (PTB) is a chronic, infectious, zoonotic disease of cattle characterized by
granulomatous gastroenteritis. Although it causes significant economic losses in the dairy cattle industry, its
zoonotic character suggests the possibility that it may form the basis of Chron’s disease seen in humans. This study
aimed to determine the seroprevalence of paratuberculosis disease in dairy cattle raised in the Aegean Region. In
2022, 1000 blood serum samples of unvaccinated dairy cattle over 2 years old, selected by random sampling from
the provinces of Izmir, Mugla, Denizli, Aydin, Kiitahya and Usak and sent to Bornova Veterinary Control Institute,
were studied. For this purpose, the ELISA method, which was determined to be advantageous over other diagnostic
methods, was used. As a result of examining the study material with ELISA, a total of 84 (8.4%) samples were positive;
28 (2.8%) samples were found suspicious. 888 (88.8%) serum samples were detected as negative. In the light of the
data obtained, the presence of seropositivity in serum suggests that the disease still exists in the region and that
prevention, control and eradication methods should be determined and implemented.Key Words: Aegean Region,

cattle, ELISA, paratuberculosis

Keywords: Yok

Giris

Paratuberkiloz (PTB), Mycobacterium avium subsp.
paratuberculosis'in gevis getiren hayvan tirlerinde
ilerleyici grantlomatdz enterit sonucu olusan kronik
enfeksiyoz bir sirli hastaligidir (Beard ve ark. 2001;
Manning ve ark. 2001; Gilardoni ve ark. 2012). Has-
talik, kronik gastroenteritis, ishal ve canli agirhk kay-
bi ile karakterize olup hastalida genc sigirlar daha
duyarlidir (Liu ve ark. 2017; Fawzy ve ark. 2018).
Hastalik verim dusukligd, ciddi olglide kilo kaybi,
tedavi masraflari gibi giderler yoniinden diinya ca-
pinda 6nemli ekonomik sorunlara neden olabilmek-
tedir (Selim ve ark. 2013). Etkenin insanlarda gori-

len Crohn'’s hastaliginin etiyolojisinde rol oynamasi
gerekgesiyle paratiberkiloz, halk sagligi yéniinden
dikkate alinmasi gereken 6nemli hastaliklardandir.

Paratliberkiilozun teshisinde, mikroorganizma
kiltlri basta olmak Uzere, kiltlr disinda bakteri-
yolojik inceleme, serolojik testler, immunolojik test
yontemleri kullanilmaktadir. Kiiltlr yonteminin spe-
sifitesinin ylksek, sensitivitesinin dlslik olmasi ve
ayni zamanda laboratuvar sonuclarin ¢ aya kadar
uzamasi dnemli dezavantajlardir (Ayele ve ark. 2005;
Oztiirk Kalin ve ark. 2019; Whitlock ve ark. 2000). Bu
sebeple paratuberkiloz hastaliginin teshisinde sero-
lojik yontemler (Komplament Fikzasyon Testi (CFT),
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Agar Gel Immunodiffusion (AGID), Enzyme-linked
Immunosorbent assays (ELISA), molekiiler metodlar
(PCR, Real Time-PCR vb.) ve hilicresel immun yanit
testlerinden (gama interferon, alerjik deri testi vb.)
faydalanilmaktadir (Ayele ve ark. 2001; Harris ve Bar-
letta 2001; Singh ve ark. 2007). Strick Enzim Baglan-
tilil immiino-Sorbent Testi (ELISA), MAP(Mycobacte-
rium avium subsp. paratuberculosis) enfeksiyonunun
subklinik asamasinda ve sonrasinda serum ve sitte-
ki MAP antikorlarini tespit etmek icin tercih edilen ve
yaygin olarak kullanilan bir serolojik testtir. Kan se-
rumunda MAP‘a karsi olusan antikorlarin tespitinde
ELISAya sik¢a basvurulmaktadir. Bunun nedeni ola-
rak ELISA ydnteminin diger serolojik yontemlerden
daha kolay uygulanabilir ve tekrarlanabilir olmasi,
maliyet olarak daha ucuz olmasi, ¢ok sayida &rne-
gin bir arada calisilabilmesi ve elde edilen verilerin
tarafsiz bir sekilde yorumlanabilmesi gibi avantajlari
gosterilebilir. Ozellikle subklinik enfekte hayvanlarin
belirlenmesinde diger testlere gére daha guvenilir
bir metot oldugu bildirilmistir (Strickland ve ark.
2005; Mecitoglu ve ark. 2012).

Bu testlerden baska immunite testleri de tani yon-
temleri arasinda bulunmaktadir. Enfekte hayvanlarda
gelisen humoral ve hicresel yanitlar esas alinarak M.
paratuberculosis ekstraklarinin enjekte edildigi hay-
vanlarda gecikmis tip asiri duyarlilik reaksiyonlarinin
degerlendirildigi intradermal testlerdir ancak son yil-
larda dusik spesifite ve sensitivite gibi dezavantajlari
nedeniyle dnerilmemektedir (Mecitoglu ve ark. 2012).

Bu calismada ciddi ekonomik kayiplara neden
olan paratuberkilloz hastaliginin Ege Bolgesi'nde
yetistirilen sigirlardaki seroprevalansinin belirlenme-
si amaclanmistir.

Materyal ve Metot

Bu calismada 2022 yili igerisinde Ege Bolgesi'nde bu-
lunan izmir, Mugla, Denizli, Aydin, Kiitahya ve Usak
illerinden tesadiifi 6rnekleme ile segilen 2 yasindan

blylk sit sigirlarina ait kan serumlarindan 1000
adet calisildi. Calisilan kan serumlari paratuberkiloz
yonliinden asilanmamis hayvanlardan segildi. Anti-
koagulansiz jelli tiplerde gelen kan &rnekleri 3000
rom'de 5 dk santriflij edilerek serumlar ayrildi ve
serumlar calisma icin -20 °C'de saklandi. Anti-MAP
antikorlarin belirlenmesi amaciyla kan serumu 6r-
neklerinden ticari ELISA kiti (IDEXX Paratuberculo-
sis Screening Ab Test, Netherlands) kullanildi. Test
Uretici firmanin gosterigi bicimde uygulandi. Pozitif
ve negatif kontroller ile serum &rnekleri mikropleyt
kuyucuklarina 1/19 oraninda dilusyon buffer ile su-
landirilarak 10’ar pl olacak sekilde konuldu. Mikrop-
leytler oda isisinda (18-26 °C) 15 dakika tutulduktan
sonra kuyucuklarda bulunan sollsyonlar antijen
kapl pleytlere aktarildi. Oda isisinda isida 45 daki-
ka boyunca inkube edildi. inkiibasyondan sonra tiim
kuyucuklar 3 kez 300 pl yikama sollisyonu ile yikan-
di ve her birine 100 ul konjugat ilave edildi. Mikro-
pleytler oda isisinda 30 dakika inklibasyona birakildi.
Stire sonunda 300 pl yikama sivisi ile 3 kez yikama
islemi uygulandiktan sonra, tim kuyucuklara 100 pl
TMB substrat ilave edildi. Daha sonra mikropleytler
oda isisinda karanlik ortamda 10 dakika inklibasyona
birakildi ve kuyucuklara 100 pl stop sollsyonu ko-
nularak 450 nm'de kuyucuklardaki soliisyonlarin ab-
sorbans degerleri ELISA Reader (Thermo Scientific™
Multiskan™ FC, Germany) ile 6lctldi. Cikan sonuglar
ELISA kitine uygun olacak sekilde degerlendirildi.

Bulgular

Calisma materyalinin ELISA yontemi ile incelenme-
si sonucunda toplamda 84 (%8,4) 6rnek pozitif; 28
(%2,8) 6rnek supheli bulunmustur. 888 (%88,8) se-
rum 6rnegi ise negatif olarak tespit edilmistir. Calis-
mada kan 6rneklerinin gonderildigi illere gore sero-
pozitiflik oranlari izmir ilinde %16, Muglailinde %16,
Aydin ilinde %16 ve Manisa ilinde %16 iken; Deniz-
li, Kitahya ve Usak illerinde bu oranlar %12 olarak
saptanmistir (Tablo 1).

Tablo 1. Paratiiberkiiloz hastaliginin Ege Bolgesi illerine gore seroprevalansi

. . Incelenen serum sayisi
Yerlesim yeri

Pozitif serum sayisi

Siipheli serum sayisi  Negatif serum sayisi

n (%) n (%) n (%) n (%)

izmir 160 (16) 16 (10) 4 (2,5 140 (87,5)
Mugla 160 (16) 16 (10) - 144 (90)
Denizli 120 (12) 8 (6,6) 8 (6,6) 104 (86,6)
Aydin 160 (16) 4(2,5) 4(2,5) 152 (95)
Kiitahya 120 (12) 20 (16,6) 12 (10) 88 (73,3)
Usak 120 (12) 16 (13,3) - 104 (86,6)
Manisa 160 (16) 4(2,5) - 156 (97,5)
Toplam 1000 84 28 888
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Tartisma ve Sonug

Bu calismada Ege Bolgesi’'nde yetistiricigi yapilan si-
girlarda paratuberkiloz hastaligi seroprevalansi ELI-
SA yontemi ile arastirldi. Paratiberkuloz hastahg:
kronik zayiflikla karakterize gastroenterik bir hasta-
lik olup ciddi ekonomik kayiplara neden olmaktadir
(Abdellrazeq ve ark. 2014; Selim ve ark. 2021a). Pa-
ratiberkiloz kronik seyirli bir enfeksiyon oldugun-
dan diger seroprevalans calismalarinda oldugu gibi
bu calismada da 2 yas Ustl hayvanlar tercih edildi.
2 yasindan kugck sigirlarda ELISA'nin sensitivitesi ve
spesifitesinin disik oldugu yapilan ¢alismalarda or-
taya konmustur (Cetinkaya ve ark. 2000; Diequez ve
ark. 2009; Nielsen ve Toft 2009; Oztiirk ve ark. 2010).
Enzimin antikora baglanma 06zelliginden yararla-
nilarak hastaligin teshisinde kullanilan ve serolojik
bir 6lcim ydntemi olan ELISA teknigi kullanildi. Bu
teknik ile hayvanlarin serumunda MAP’a karsi olusan
antikorlar arastirildi.

Dinya genelinde paratliberkulozun seropreva-
lansi ile ilgili pek cok calisma yapilmis olmasi has-
taligin glincelligini korudugunun ve problem olarak
goruldigunin gostergesidir. Makav ve ark. (2013),
Kars yoresinde sigirlarda subklinik paratiiberkilo-
zun prevalansini belirlemek amaciyla rastgele 13
odak se¢mis ve bu odaklardaki 24 isletmeden 2 yas
ve Uzeri toplam 400 sigir Uzerinde calismiglardir.
Gahismalarinin sonunda subklinik paratiberkiilozun
seroprevalansini %3.5 (14/400), ciftlik prevelansini
ise %46.1 (10/24) olarak bulmuslardir. Elde edilen bu
farkin Kars bolgesinin icinde ve bélgeden baska yer-
lere hayvan transferinin sik olmasi nedeniyle olabi-
lecedi, ylksek ciftlik prevalansinin (%46.1) hastaligin
yayllmasinda ciddi bir risk faktori olmasi agisindan
onemli oldugu sonucuna varmislardir. Baska bir ¢a-
ismada Karatay ve ark. (2020), Ardahan cevresinde
yetistirilen stt sigirlarinda parattberkilozun preva-
lansinin belirlenmesi amaciyla 400 adet sigir kan se-
rumunu arastirmislardir. Calismada, ELISA yontemini
kullanmislar ve uyguladiklar test sonucunda 400
hayvandan 17'sinde MAP yoniinden pozitiflik tespit
etmiglerdir. Karakas ve ark. (2018), Kirklareli ve yo-
resinde yaptiklar bir calismada yaslar 3-4 arasinda
degisen 400 adet sut sigirina ait kan serumunda,
seroprevalans oranlarini sirasiyla %1.5 pozitif, %1.5
slipheli ve %97 negatif olarak tespit etmislerdir. Bir
diger arastirmada Celik ve ark. (2022) Sanhurfa ve
yoresinde tesadifi 6rnekleme yontemi ile Sanlur-
fa’nin merkez ilgelerinden, 465 sigirdan alinan kan
serumlarini ELISA ydntemini kullanarak incelemis-
lerdir. Serumdaki anti-MAP antikorlarini tespit et-
mek amaciyla calistiklari 465 serumun 21'ini (%4,51)
pozitif, 16'sini (%3,4) slpheli ve 428'ini (%92) ne-

gatif bulmuslardir. Manisa ilinde Berberoglu ve ark.
(2016) yaptiklari bir calismada 442 adet Holstein st
sigirina ait kan serumlarini ELISA yontemi ile paratu-
berkuloz hastaligi yéniinden taramis, calismalarinin
sonucunda hastaligin seroprevalansini %21.72 ola-
rak belirlemiglerdir.

Diinyada yapilan ¢alismalara bakildiginda Good
ve ark. (2009), irlanda'da paratiiberkiilozun ELISA
seroprevalansini belirlemek igin 639 siirliden rastge-
le sectikleri 12 ayliktan biylk 20.322 stt sigirinin ta-
mamindan serum &6rnekleri toplamislardir. Tim nu-
muneleri ELISA ile test etmisler, en az bir ELISA pozi-
tif hayvanin varligina dayali olarak enfekte sirulerin
genel prevalansini %21,4 bulmuslardir. Belgika'da
yapilan Aralik 1997'den Mart 1998'e kadar yurati-
len bir serolojik arastirmada Boelaert ve ark. (2000)
rastgele yaptiklar bir 6rneklemede 24 aylik veya
daha buyuk sigirlarin serumlarini antikorlarin varligi
acisindan ELISA kiti kullanilarak test etmislerdir. PTB
suru ici seroprevalansini (seropozitif suriler icindeki
tespit edilen hayvanlarin orani) ve PTB bireysel hay-
van seroprevalansini (tespit edilen hayvanlarin ora-
ni) sirasiyla %2,9 ve %0,87 olarak bulmuslardir. Park
ve ark. (2006), Kore'deki calismalarinda tim illerde
yetistirilen 1261 adet sit sigirnin kan serumlarini
toplamislar, 2.161 serumun 71'i pozitif cikmistir. Ulu-
sal PTB prevalansinin %7,1 oldugu tahmin edilmistir.

Calismamizda Ege Bolgesi'nin birbirinden farkli
7 ilinde yetistirilen sigirlarin paratiiberkiiloz hastalig
yoniunden seroprevalanslarinin belirlenmesi amacg-
lanmustir.  izmir ilinde 16 (%10), Manisa ilinde 16
(%10), Denizli'de 8 (%6,6), Aydin 4 (%2,5), Kitahya
20 (%16.6), Usak 16 (13,3), Manisa 4 (%2,5) bireysel
seroprevalans saptanmistir. Kars, Ardahan, Kirikkale
ve Sanliurfa'da yapilan calismalarda bu calismadan
daha distk seroprevalas saptansa da Manisa ilinden
yapilan calismada daha yulksek oranda bir seropre-
vans tespit edilmistir. Ulkemizde yapilan bu calisma-
lardaki seropozitiflik oranlari arasindaki farkhhklarin
hayvan nakilleri, besleme ve bakim kosullari farklilk-
lar, calisma materyali alinirken mevsim dénemi ve
iklim gibi farkhliklardan kaynaklandigi distntlmek-
tedir.

Bu arastirmada Ege Bolgesi illerinde yetistirilen
sigirlarda parattberkilloz seroprevalansi Uzerinde
cahisilmistir. Sonuc olarak yapilan ¢alisma sonucunda
Ege bolgesi yoresinde paratiiberkiiloz infeksiyonu-
nun seroprevalansi %8,4 belirlenmistir. Calismanin
kapsami genisletilerek bolge ve llke capinda yapi-
lacak arastirmalarla hastalik ile miicadele agisindan
infeksiyonun gercek boyutlarinin diizenli araliklar ile
belirlenmesi ve hastaligin koruma, kontrol ve eradi-
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kasyon yontemlerinin belirlenerek uygulanmasinin
gerekli oldugu disiintlmektedir.

Etik kurul onayi: Calismamizin etik kurul izni gerek-
tirmedigine dair beyan formu ek dosyalar kisminda
imzalanip ytklenmistir.
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Siitte Glukokortikoidlerin analizi icin metot karsilagtirmasi
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Ozet: Betametazon, deksametazon, prednizolon ve metilprednizolon biiyiikbas hayvanlarda glukokortikoidlere
duyarli gesitli akut ve kronik hastaliklarda yaygin olarak kullanilan sentetik glukokortikoidlerdir. Glukokortikoidler siitte
kalintiyapmalari sonucu insanlarda ciddi saglik sorunlarina yol acabilmektedir. Bu ¢alismada, stitte glukokortikoidlerin
belirlenmesine yonelik hassas metodun secilebilmesi icin sivi-sivi ekstraksiyon (liquid liquid extraction, LLE), kati faz
ekstraksiyon (solid phase extraction, SPE) ve dispersif kati faz ekstraksiyon (dispersive solid phase extraction, DSPE)
metotlari karsilastiriimis ve en hassas metot secilerek metodun performans 6zelliklerinin belirlemek icin gecerli
kilma ¢alismalari yapiimistir. Kromatografik ayirim, Diyot Dizi Dedektori (Diode Array Detector, DAD) ile butunlesik
Yiksek Performansli Sivi Kromatografi (High Performance Liquid Chromatography, HPLC) ile gerceklestirilmistir.
Betametazon 0,12 ug/kg, 0,3 pg/kg, 0,45 pg/kg seviyesinde analit eklenmis drneklerin geri alimi %97 ila %102
arasinda, deksametazon 0,12 pg/kg, 0,3 pg/kg, 0,45 pg/kg seviyesinde analit eklenmis érneklerin geri alimi %97 ila
%102 arasinda, metilprednizolon 0,2 pg/kg, 2 pg/kg, 3 pug/kg seviyesinde analit eklenmis 6rneklerin geri alimi %94
ila %100 arasinda, prednizolon 0,6 pg/kg, 6 pg/kg, 9 pg/kg seviyesinde analit eklenmis drneklerin geri alimi %97
ila %99 arasinda degismistir. C8 kartus ile valide edilmis ekstraksiyon yéntemi, siitte deksametazon, betametazon,
prednizolon ve metilprednizolonun kantitatif taramasi igin glvenilir ve basit bir metot olup ginlik laboratuvar
kullanimina uygun olabilecegdi sonucuna varilmistir.

Anahtar kelimeler: dispersif kati faz ekstraksiyon, HPLC, kati faz ekstraksiyon, sivi sivi ekstraksiyon, st

Comparison of methods for the analysis of Glucocorticoids in milk

Abstract: Betamethasone, dexamethasone, prednisolone and methylprednisolone are synthetic glucocorticoids
that are widely used in various acute and chronic diseases sensitive to glucocorticoids in cattles. Glucocorticoids can
cause serious health problems in humans as a result of residues in milk. In this study, in order to choose the sensitive
method for the determination of glucocorticoids in milk, liquid-liquid extraction(LLE), solid phase extraction(SPE) and
dispersive solid phase extraction(DSPE) methods were compared and the most sensitive method was selected and
validation studies were carried out to determine the performance specifications of the method. Chromatographic
separation was performed by Agilent 1100 series High Performance Liquid Chromatography (HPLC) combined with
Diode Array Detector (DAD). The recovery of samples spiked with betamethasone 0.12 ug/kg, 0.3 pg/kg, 0.45 ug/
kg ranged from 97% to 102%, the recovery of samples spiked with dexamethasone 0.12 ug/kg, 0.3 pg/kg, 0.45 pg/
kg ranged from 97% to 102%, the recovery of samples spiked with methylprednisolone analyte at 0.2 pg/kg, 2 pg/
kg, 3 ng/kg ranged from 94% to 100%, and the recovery of samples spiked with prednisolone at 0.6 pug/kg, 6 pg/kg,
9 ng/kg ranged from 97% to 99%. The validated extraction method using the C8 cartridge is a reliable and simple
method for the quantitative screening of dexamethasone, betamethasone, prednisolone and methylprednisolone
in milk and may be suitable for routine laboratory use.

Keywords: dispersive solid phase extraction, HPLC, liquid liquid extraction, milk, solid phase extraction

Giris

Glukokortikoidler, adrenal korteks tarafindan sal-
gillanan metabolizma ve bagisiklik fonksiyonlarinin
yuritilmesini dizenleyen steroid hormonlardir (Luo
ve ark., 2005; Dirikolu, 2013). Sentetik glukokortiko-
idler, dogal bir glukokortikoid olan kortizolin kim-
yasal yapisinda yapilan modifikasyonlar ile anti-inf-
lamatuar glict arttinllip ve mineralokortikoid etkileri
azaltilarak gelistirilmistir (Buchwald ve Bodor, 2004;

Schimmer ve Funder, 2022). Genis fizyolojik ve far-
makolojik etkilerinin bir sonucu olarak, glukokorti-
koidler en ¢ok kullanilan veteriner ilag siniflarindan
biridir. Sentetik glukokortikoidlerin buylkbas hay-
vanlarda enfeksiydz, metabolik ve inflamatuar hasta-
hklardaki terapotik uygulamalarin yani sira; buzagi-
larda, bogalarda ve Uretken déngulerinin sonundaki
yasl ineklerde buylime destekleyicileri olarak kulla-
nimlari yaygindir (Courtheyn ve ark., 2002). Gluko-
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kortikoidler, insan sagligini olumsuz yonde etkileyen
immunosupresyon, osteoporoz, obezite ve diyabet
gibi bircok yan etkiye neden olduklarindan siit gibi
hayvansal gidalardaki kalintilarinin tespiti 6nem arz
etmektedir (Schacke, Docke ve Asadullah, 2002). Te-
rapotik endikasyonlari nedeniyle, hayvan yetistiricili-
ginde deksametazon, betametazon, prednizolon ve
metilprednizolonun uygulanmasina izin verilmekte-
dir ve Avrupa Birligi dizenlemeleri ile uyumlu olarak
Turkiye'de tiketime yonelik st ve hayvansal doku-
larda maksimum rezidi limitleri (MRL) belirlenmistir.
Sttte MRL degerleri betametazon ve deksametazon
icin 0,3 pg/kg, prednizolon ve metilprednizolon icin
ise sirasiyla 6 pg/kg ve 2 pg/kg'dir (TC Tarim ve Or-
man Bakanligi, 2017).

Glukokortikoidlerin siitte tespiti icin bircok metot
gelistirilmistir (Guo ve ark., 2024; Caretti ve ark.,
2010; Malone, Elliott, Kennedy ve Regan, 2010). Bu
calismanin amaci glukokortikoidlerin sltte tespiti
icin tercih edilen metotlardan sivi-sivi ekstraksiyon,
kati faz ekstraksiyon ve yeni nesil yaklasimlardan
dispersif kati faz ekstraksiyon metotlarinin karsilas-
tirllarak en hassas metodun validasyonunu gergek-
lestirmektir.

Kati Faz Ekstraksiyon; analitin, kati faz (sorbent)
ile analiti iceren sivi faz arasinda dagilim katsayisina
uygun olarak boélinmesi, analitin kati faza adsorpsi-
yonu ve ardindan kati fazdan daha fazla tercih ettigi
organik ¢ozucu ile ellie edilmesi esasina dayanir. Van
der Waals, hidrojen baglanmasi, dipol-dipol veya
elektrostatik (iyon degisimi) gibi farkli etkilesimle-
re dayanan mekanizmalar ekstraksiyonda rol oynar
(Otles ve Kartal, 2016).

Swvi-sivi ekstraksiyon; analitin, sulu faz ve orga-
nik faz arasinda belirli bir oranda kendisini dagitabil-
mesi prensibine dayali olarak calisan bir ydntemdir.
iyonize olmayan analitlerin polar fazdan polar olma-
yan organik faza aktarilmasi asit-baz kimyasi geregi
analitin ylksiz hale gecebilmesi sonucu gergekle-
sir. Analitin ylksilz hale gecebilmesi, sulu fazin pH’
sinin, analit asidik iyonlagma sabiti (pKa)degerine
gore ayarlanmasi ile saglanir (Kyle, 2017).

Dispersif kati faz ekstraksiyonu; analiti iceren
sivi fazda, kati fazin (sorbent) dagilmasina prensi-
bine dayali olarak calisan bir yontemdir. Dispersi-
yon sonrasi, ylzeyinde tutunan analitlerle birlikte
sorbent, santriflijleme veya filtreleme gibi mekanik
bir islemle ayrilarak ylizeyinde adsorbe edilmis ana-
litlerin organik ¢ozlcu ile ayristirlmasi amaclanir.
Kati faz ekstraksiyonda oldugu gibi sorbentin yapi-
sal 6zelliklerine gore elektrostatik etkilesimler, hid-
rojen baglari, Van der Waals kuvvetleri, hidrofobik

ve hidrofilik etkilesimler ve dipol-dipol baglar gibi
etkilesimler s6z konusudur (Islas, Ibarra, Hernandez,
Miranda ve Cepeda 2017).

Metot karsilastirmasi icin tercih edilen metot-
lardan geri alimi yliksek olan metot, matrix-matc-
hed kalibrasyon yontemlerinden biri olan standartla
glclendirilmis matriks yontemi kullanilarak her bir
analit icin ayri ayr 2021/808/EU yonetmeligine gore
valide edilmistir (The European Commission, 2021).

Bu calismada, sltte glukokortikoidlerin belir-
lenmesine yonelik hassas metodun secilebilmesi icin
sivi-sivi ekstraksiyon (liquid liquid extraction, LLE),
kati faz ekstraksiyon (solid phase extraction, SPE) ve
dispersif kati faz ekstraksiyon (dispersive solid pha-
se extraction, DSPE) metotlarinin karsilastiriimasi ve
en hassas metodun performans oOzelliklerinin be-
lirlemesi icin gecgerli kilma calismalarinin yapilmasi
amaclanmistir.

Gereg ve Yontem

Reaktifler ve Kimyasallar Calismada; Metanol
(%99, HPLC diizey), asetonitril, diklormetan, sodyum
dihidrojen fosfat dihidrat, disodyum hidrojen fosfat,
formik asit, izopropanol, heptan, etil asetat, trietila-
min, asetik asit, sodyum hidroksit (Isolab Chemicals,
Almanya), oktil silika (C8) ters faz kartus(500 mg/6
ml), oktadesil silika (C18) sorbent (United Chemical
Technologies, USA) kullanilmistir.

Standart maddeler Calismada; Betametazon, dek-
sametazon, prednizolon ve metilprednizolon refe-
rans standartlar (Sigma-Aldrich, USA) kullaniimis-
tir. Standart maddelerin stok ¢ozeltileri metanol
(MeOH) icerisinde 1 mg/ml seviyesinde hazirlanmis
ve -20°C ‘de muhafaza edilmistir.

Analitik cihazlar Kromatografik analizler Agilent
1100 serisi Diyot Dizi Dedektort (Diode Array De-
tector, DAD) ile butlnlesik Yiksek Persformansli Sivi
Kromatografi (High Performance Liquid Chroma-
tography, HPLC) ile degerlenmistir. Hedef analitlerin
tespiti Agilent XDB-C18 kolon (150 mm x 4,6 mm,
5 um) ile saglanmistir. Mobil faz akis hizi 0.7 ml/
dk, akis sekli izokratik ve cihaz metot stresi 4 dk'dir.
Cihaz kolonu sicakhgi 40°C ve enjeksiyon hacmi 10
pl'dir. Mobil faz A: su/formik asit (%0,1), B:metanol-
dur.

Ekstraksiyon yontemleri Kati faz ekstraksiyonda
kartus aktivasyonu (sartlandirma) i¢in 3 ml metanol
ve 3 ml fosfat tampon ph 6,8 kullaniimistir. Ardindan
MRL diizeyinde analit iceren 5 ml sit 6rnegi ve 2
ml fosfat tampon ph 6,8 kartustan gegirilmis, en son
1 ml heptan ile kartustan kirlilige neden olabilecek
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molekuller uzaklastiriimistir. Elisyon 5 ml trietila-
min/etilasetat (10:90, h/h) ¢ozeltisi ile gerceklestiril-
mistir. ElGat nitrojen gazi altinda 40°C'de tamamen
kuruyana kadar bekletilmis ve 100 yl metanol ile ¢o-
zlilerek HPLC sistemine enjekte edilmistir.

Sivi sivi ekstraksiyonda 5 ml MRL dizeyinde
analit ihtiva eden sit 6rnegi 50 ml'lik polipropilen
tipe alinarak Uzerine ekstraksiyon ¢ozeltisi olarak
diklormetan/izopropanol (75:25, h/h) ¢ozeltisinden
5 ml eklenmistir. Orbital calkalayicida 30 dk boyunca
calkalama sonrasi ellat ve st drnegdinin ayrimi igin
5000 rpm de 10 dk santrifdj edilmis ve supernatant
uzaklastinlmstir. ElGat nitrojen gazi altinda 40°C'de
tamamen kuruyana kadar bekletilmis ve 100 ul me-
tanol ile ¢6zllerek HPLC sistemine enjekte edilmistir.

Dispersif kati faz ekstraksiyonda MRL duzeyin-
de analit ihtiva eden 5 ml stit 6rnegi 50 ml'lik bir po-
lipropilen tlpe alinarak tzerine 10 ml etil asetat ila-
ve edilip vorteks yardimiyla karistiriimis ve 30 dakika
boyunca calkalanmistir. Ornek karisimi 5000rpm’de
5 dakika boyunca santrifiij edilip ve -20°C'de 6 saat
streyle dondurulmustur. Ekstrakt bir tlipe aktarilarak
nitrojen altinda kuruyana kadar buharlastirildiktan
sonra 1 ml asetonitril/su c¢ozeltisi (20:80, h/h) ice-
risinde yeniden ¢6zilmus, karisim, 50 mg C18 sor-
benti iceren 10 ml'lik bir santrifj tipine aktariimis-
tir. Tip 1 dk boyunca kuvvetlice calkalandiktan sonra
5000 rpm'de 5 dakika boyunca santriflij edilmistir.
ElUat tlpe aktarilarak nitrojen altinda kuruyuncaya
dek buharlastiriimis ve 100 yl metanol ile ¢dzilerek
HPLC sistemine enjekte edilmistir.

Bulgular

Yiiksek Performansl Sivi Kromatografisi
Parametreleri

Glukokortikoidlerin kantitatif tespitinde, mobil fazin
asidik yapisini ayarlayabildigi ve hedef analitin iyo-
nizasyonunu arttirarak polaritesini degistirmeyi ve
kolon alikonma siiresini degistirdigi icin mobil fazda
formik asit kullanilmistir (Dolan, 2017).

Hedef analitlerin kolon alikkonma zamanlarinin
ve dalga boylarinin tespit edilebilmesi icin, MRL de-
gerinin 0,5 ve 1 kati diizeyinde analit eklenerek eks-
traksiyonu yapilan bos (kor) st ornekleri, bos (kor)
olarak ektraksiyonu yapilmis cihaz analizinden &nce
tzerine 0,5 MRL ve 1 MRL diizeyinde analit eklene-
rek hazirlanan siit ornekleri (matriks eklenmis stan-
dartlar) ve 0,5 MRL ve 1 MRL calisma seviyelerinde
hazirlanan analit saf standartlari halinde hazirlana-

rak ayni kosullar altinda HPLC'de analiz edilmistir.
Validasyonlarda matrix-matched kalibrasyon yonte-
mi kullanildigi icin matriksle gii¢lendirilmis standart-
lar analitik ydntemin performans kriterlerinin arasti-
rilmasi ¢alismalarinda yer almistir. Yapilan bu ¢alisma
sonucu analitlerin, ekstrakttaki alikonma surelerinin,
+ 0,1 dakikalik bir toleransla kalibrasyon standartla-
rina, matriksle giiclendirilmis standartlarina karsilik
geldigi 2021/808/EU ydnetmeligi gerekliligini kar-
siladigi gortlmustir. Daha dnce yapilan bir ¢alisma
ile uyumlu olarak, analitlere ait dalga boylarinin ayni
oldugu gorilmis ve analitlere 6zgi dalga boylari ve
alikonma zamanlar Tablo 1'de sunulmustur (Ano-
nim, 2011).

Tablo 1. Hedef analitler icin alikonma zamanlar ve dalga
boylari

Analit AI|kon{:i*§aman| Da(lg;fgyu
Betametazon 1.92 254
Deksametazon 1.92 245
Prednizolon 1.92 254
Metilprednizolon 1.92 254

*Dakika **Nanometre

Metot Karsilastirma Calismalari

Calismada secilmis olan glukokortikoidler nonpolar
davranis sergileyen notr maddelerdir (A. Tolgyesi,
L. Tolgyesi, Sharma, Sohn ve Fekete, 2010). Gluko-
kortikoidlerin kati faz ekstraksiyon ve dispersif kati
faz ekstraksiyonlarinda, hidrofobik etkilesimleri ve
yapilarindaki uzun karbon zincirleri nedeniyle po-
lar olmayan analitlerin ekstraksiyonunda tercih
edilen C8 ekstraksiyon kartuslari ve C18 sorbentleri
kullanilmistir (Anonim, 2023 ). Ekstraksiyon sol-
ventleri sivi-sivi ekstraksyion, kati faz ekstraksiyon ve
dispersif kati faz ekstraksiyonlari igin sirasiyla diklor-
metan/izopropanol (75:25, h/h), trietilamin/etilase-
tat (10:90, h/h) ve etil asetattir. MRL diizeyinde analit
iceren sit ornekleri g farkli metotla on tekrar yapi-
larak analiz edilmis ve tim hedef analitler icin kati
faz ekstraksiyon metodunun en yiiksek geri kazani-
ma ve tekrarlanabilirlige sahip oldugu belirlenmistir.
Dispersif kati faz ekstraksiyonda her bir analit icin
MRL dizeyinde yapilan calismalarda HPLC-DAD'da
sinyal gurlta ayrimi gergeklesmemistir. Kati faz ve
sivi faz ekstraksiyonlara ait tekrarlanabilirlik standart
sapmasi ve % geri kazanim degerleri Tablo 2'de yer
almaktadir.
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Tablo 2. Kati faz ve sivi-sivi faz ekstraksiyonlara ait tekrarlanabilirlik standart sapmasi ve % geri kazanim degerleri

Kati Faz Ekstraksiyon

Sivi Sivi Faz Ekstraksiyon

Analit Adi Geri Kazanim (%) Tekra;laila::nllrllk Geri Kazanim (%) Tekra;la:\a:)lllrllk
(n=10) RSD* (%) (n=10) RSD" (%)
(n=10) (n=10)
Betametazon 101 7,0 81,3 17,6
Deksametazon 96,3 94 82,8 21,8
Prednizolon 98 41 79,3 13,8
Metilprednizolon 99,2 7.2 81,7 18,5

RSD*: Bagil Standart Sapma

Metot Validasyonu

GCalismada yer alan glukokortikoidlerin HPLC-DAD'da
alikonma zamanlari ve UV spektrumundaki absorp-
siyon maksimumlari (dalga boyu) ayni oldugu igin,
yontemin performans &zellikleri her bir glukokor-
tikoid i¢in ayri ayr validasyon calismasi yapilarak
belirlenmistir. Yontem sirasi ile betametazon-dek-
sametazon icin 0 ug/kg (kor), 0,12 pg/kg, 0,3 pg/
kg, 0,45 pg/kg, 0,6 pg/kg, prednizolon igin 0 pg/kg
(kér), 0,6 ug/kg, 6,0 pa/kg, 9,0 pug/kg, 12,0 ug/kg ve
metilprednizolon icin 0 pg/kg (koér), 0,2 pg/kg, 2,0
pa/kg, 3,0 pug/kg, 4,0 pg/kg dogrusal calisma ara-
liklarinda standartla gliclendirilmis matriks yontemi
kullanilarak HPLC-DAD'da kantitatif tarama metodu
olarak gecerli kilinmistir. Farmakolojik aktif madde
grubunda yer alan hedef analitlerin kantitatif tarama
metodu olarak gegerli kilma calismalari 2021/808/
EU yobnetmeliginde yer alan kriterler gercevesinde
gerceklestirilmisti.  2021/808/EU  yonetmeliginde
“Spesifik bir farmakolojik aktif madde igin, MRL'nin
0,1 kati bir konsantrasyonun dogrulanmasinin makul
bir sekilde elde edilemedigi durumlarda, MRL'nin 0,1
kati olan konsantrasyonun, makul olarak ulasilabilir
olan MRL'nin 0,1 kati ile 0,5 kati arasindaki en dlstk
konsantrasyon ile degistirilebilir” ifadesine uygun
olarak deksametazon ve betametazon icin 0,4 MRL,
prednizolon ve metilprednizolon icin 0,1 MRL kon-
santrasyon diizeyi lineer olarak tespit edilmistir.

Kalibrasyon egrileri, analit pik alanlarinin analit
konsantrasyonlarina karsi oranlarinin grafiginin cizil-
mesiyle elde edilmis ve sonuglar dogrusal regresyon
kullanilarak analiz edilmistir. Kalibrasyon egrileri R?
degerleri 0,996-0,997 araliginda tespit edilmistir.

Metodun dogrulugu, gerceklik (% geri kaza-
nim) ve kesinligi (tekrarlanabilirlik ve laboratuvar igi
tekrar Uretilebilirlik) belirlenerek degerlendirilmistir.
Geri alimi ve kesinligi (tekrarlanabilirlik ve laboratu-
var ici tekrar Uretilebilirlik) degerlendirmek igin sira-
si ile betametazon ve deksametazon igin 0.12 pg/

kg, 0.3 pg/kg, 0.45 pg/kg, prednizolon icin 0,6 pg/
kg, 6,0 ng/kg, 9,0 pg/kg ve metilprednizolon igin 0.2
Mg/kg, 2,0 pug/kg ve 3,0 pg/kg konsantrasyon sevi-
yelerinde standart ¢ozeltileri ile glglendirilmis bos
(kor) sut ornekleri kullaniimistir. Her konsantrasyon
seviyesinde glclendirilen 6rnekler, her biri farkh bir
glinde ve her biri alti tekrar halinde olmak Uzere (g
seri halinde analiz edilmistir. Geri kazanimlar, ana-
lit eklenen 6rneklerin belirlenen konsantrasyonlari-
ni, hedef seviyelerle karsilastirilarak hesaplanmistir.
Betametazon 0,12 pg/kg, 0,3 pg/kg ve 0,45 pg/kg
seviyesinde analit eklenmis 6rneklerin geri alimi
%97 ila %102 arasinda, deksametazon 0,12 pg/kg,
0,3 ng/kg ve 0,45 pg/kg seviyesinde analit eklenmis
orneklerin geri alimi %97 ila %102 arasinda, metilp-
rednizolon 0,2 pg/kg, 2,0 ug/kg ve 3,0 pg/kg sevi-
yesinde analit eklenmis 6rneklerin geri alimi %94 ila
%100 arasinda, prednizolon 0,6 pg/kg, 6,0 pg/kg ve
9,0 ng/kg seviyesinde analit eklenmis 6rneklerin geri
alimi %97 ila %99 arasinda degismistir ve 2021/808/
EU yonetmeligine goére minimum kabul edilebilir
% geri kazanim degeri saglanmistir (< 1 pg/kg igin
%50-%120 ve > 1 pg/kg - 10 pg/kg igin %70-%120).
t-testi ile kontrol edilen geri alim sonuglart %95 gu-
ven araliginda serbestlik derecesi 54 icin 1,42 ve
1,60 arasinda degiserek t tablo(a=2,00) degerinden
kiicik oldugundan gercek degere yakin oldugu ka-
bul edilmistir. Tekrarlanabilirlik ve tekrariretilebilirlik
sonuglari Horwitz esitliginden hesaplanan %RSD, ...
degerleri kiyaslanarak %RSD < %RSDkritik(< 10 pg/
kg icin %30) kosulunu sagladigindan, sonuglar uy-
gun olarak degerlendirilmistir (The European Com-
mission, 2021). Validasyon parametrelerine ait tek-
rarlanabilirlik, tekrarretilebilirlik, % geri kazanim,
MRL, hedef tarama konsantrasyonu (STC) verileri
Tablo 3'te ve MRL diizeyinde gtiglendirilmis &rnek-
lere ait kromatogramlar asagida verilmistir.
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Tablo 3:Kati faz ekstraksiyon yontemi validasyon parametreleri

Analit Konsantrasyon Geri Alim Tekrarlanabilirlik Tekrar Uretilebilirlik MRL STC
(1g/kg) (%) RSD (%) RSD (%) (ng/kg)  (ng/kg)

0,12 96,6 6,6 74 03 0,12
Betametazon 03 100,5 6,1 84

0,45 101,6 6,5 9,9

0,12 96,6 12,9 13,9 03 0,12
Deksametazon 0,3 99,9 10,1 11,2

0,45 101,7 9,5 10,7

0,6 96,7 3,2 58 6,0 0,6
Prednizolon 6,0 97,9 34 57

9.0 99,3 08 2,9

02 94,2 6,3 6,6 2,0 02
Metilprednizolon 2,0 99 6,9 72

3,0 99,5 58 6,4

Sekil 1. Deksametazona ait kromatogram

Sekil 2. Betametazona ait kromatogram

Sekil 3. Prednizolona ait kromatogram
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Sekil 4. Metilprednizolona ait kromatogram

Analitlerin matriks icerisindeki stabilitesinin be-
lirlenmesi icin, STC diizeyinde gticlendirilmis sit or-
nekleri -20°C'de muhafaza edilmistir. Saklama kosul-
larinin matriks icerisindeki analit stabilitesine etkisini
ol¢cmek icin -20°C'de muhafaza edilen STC diizeyin-
de glclendirilmis 5 suit 6rnegi ve yeni hazirlanan STC
dizeyinde glclendirilmis 5 stt 6rnegi gecerli kilinan
metot ile analiz edilmistir. Stabilite calismasi kisa,
orta ve uzun araliklari icin Ug kez tekrarlanmis ve her
calismaya ait % geri kazanim ve RSD'ler hesaplan-
mistir. Kisa, orta ve uzun dénem stabilite calisma-
lart % geri kazanim verileri betametazon icin %95,1
deksametazon icin %98,8 prednizolon igin %98,6 ve
metilprednizolon icin %94,8 olarak tespit edilmistir.
%RSD verileri betametazon icin 6,7 deksametazon
icin 13,6 prednizolon icin 4,1 ve metilprednizolon
icin 6,4 olarak tespit edilmis ve STC diizeyinde he-

Sekil 5. Bos (kor) 6rnede ait kromatogram

HPLC-DAD'da kantitatif tarama yontemi icin
dedeksiyon kapasitesi (Detection Capacity, CCB), be-
tametazon igin 0,36 pg/kg, deksametazon icin 0,58
Mg/kg, prednizolon igin 0,79 pug/kg ve metilpredni-
zolon igin 0,42 pg/kg olarak belirlenmistir. CCB ‘nin
hesaplanma formdili asadida yer almaktadir. Birles-
tirilmis belirsizlik STC'de hesaplanmis olup birlestiril-
mis belirsizligin bilesenleri laboratuvar ici tekrar tre-

saplanmis olan metot laboratuvar ici tekrariretile-
bilirligi ile anlamh fark gorilmediginden, saklama
kosullarinin matriks icerisindeki analit stabilitesini
etkilemedigi belirlenmistir (The European Commis-
sion, 2021).

2021/808/EU ydnetmeliginde yer alan uygula-
malar dogrultusunda secicilik / spesifiklik paramet-
resinin belirlenmesi icin 20 farkli bos (kor) stit 6rnegi
analiz edilmis ve hedef analite ait pikin goriilmesinin
beklendigi bélgede herhangi bir sinyal, tepe nokta-
si, pik varligina rastlanmamistir. Yine 20 farkli bos
(kor) sut ornedi hedef analitlerin tanimlanmasina
ve/veya niceligine miidahale edebilecek klenbuterol
ile hedef analitlerin MRL seviyesinde gu¢lendirilerek
analiz edilmis ve analitlerin tanimlanmasini engelle-
medigi gorilmdistir. Bos (kor) slit 6rnegine ait kro-
matogram asagida verilmistir.

tilebilirlik ve gergekliktir (The European Commission,
2021).

CCB = Tarama hedef konsantrasyonu (STC) +
k(tek tarafli, %95) x STC'de veya lzerinde (birlesik)
standart 6lcim belirsizligi.

k-faktorti MRL diizeyinde izin verilen maddeler
icin 1,64'tdr.
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Tartisma ve Sonug

Galisma sut orneklerinde kati faz ekstraksiyonun, si-
vi-sivi ekstraksyion ve dispersif kati faz ekstraksiyo-
na gore Ustlinlige sahip oldugunu gostermektedir.
Dispersif kati faz ekstraksiyon metodu dondurma
basamagi nedeniyle analiz siresini diger metotla-
ra gore uzatmistir. Kati faz ekstraksiyonda, sivi-sivi
ekstraksiyondaki gibi emilsiyon olusma riski elimi-
ne edilmistir. Kati faz ekstraksiyon manifold sistemi
kullanilmasi nedeniyle ayni anda ¢oklu 6rnek anali-
zine avantaj saglamakta ve zaman kaybinin dniine
gecmektedir. Kati faz ekstraksiyon daha fazla solvent
kullanimini gerektirse de érnekteki istenmeyen bi-
lesikleri ortamdan uzaklastirmasi sebebiyle daha
temiz analiz sonuglarina ulasilmasini saglamaktadir.
Kromatografi sisteminde matriksten gelebilecek bi-
lesiklere ait sinyaller hedef analitin sinyaline girisim
yapabilme riski ve dolayisiyla hedef analitin sinya-
linde artis ya da baskilamaya sebep olabilmektedir.
HPLC sisteminde cihaz metot siresinin kisa olmasi
ve tlrevlendirme gibi basamaklara ihtiya¢ olmama-
si yontemin diger avantajlarindandir (Cun, Yinliang,
Ting ve Yan, 2010). Tekrarlanabilirlik ve tekrarireti-
lebilirlik sonuglar Horwitz esitliginden hesaplanan
%RSD, ., degerleri kiyaslanarak %RSD < %RSDkri-
tik(< 10 pg/kg icin %30) kosulunu sagladigindan,
yontemin tekrarlanabilir ve tekrariretilebilir oldugu-
nu ve HPLC-DAD'da sitte betametazon, deksameta-
zon, prednizolon ve metilprednizolon icin kantitatif
tarama yontemi olarak kullanilabilecegini goster-

mistir (The European Commission, 2021). Calismada
HPLC-DAD'da hedef analitlerin, cihaz kolonunda ali-
konma zamanlarinin ve dalga boylarinin ayni olmasi,
yontemin tek basina MRL diizeyini asan hedef ana-
litlerin varligini ve konsantrasyonunu belirlemek igin
tarama yontemi olarak uygulanabilecedi, ancak likit
kromatografi sirali kitle spektrometresinde (LC-MS/
MS) analitin kendisine 6zgl ana iyon ve parcalan-
ma iyonlarinin identifiye edilerek, dogrulanmasi ge-
rektigi sonucuna varilmistir. LC-MS/MS'te kitle/yik
(m/z) oranina gore ayrilan molekdiller pargalanma
sonucu olusan iyonlari Gzerinden tespit edilebilmek-
tedir. Betametazon ve deksametazon icin ana iyon
437 ve parcalanma iyonlari 361 ve 307, metilpredni-
zolon igin ana iyon 419 ve pargalanma iyonlari 343
ve 309, prednizolon igin ana iyon 405 ve parcalanma
iyonlari 329 ve 295 olup, bahsi gegen iyonlar tizerin-
den LC-MS/MS'te ayirnmlar mimkin olabilmektedir
(Arioli ve ark., 2022). Betametazon ve deksametazon
birbirlerinin izomeri olup, kitle spektometrede ayni
ana iyon ve parcalanma iyonlarini verdiginden gesitli
kolonlarla (Hypercarb kolon gibi) ayirmi gercekles-
tirilebilmektedir (Cun, Yinliang, Ting ve Yan, 2010).
Kitle spektrometrede, C18 kolon kullaniminda be-
tametazon ve deksametazonun kolonda alikonma
sireleri ayni oldugundan ayirimlari iyon orani (ion
ratio) farki ile yapilabilmektedir (Turhan, Kabil, Du-
dakli ve Dirikolu, 2018). Sitte glukokortikoidlerin
tespiti icin yapilan calisma daha 6nce yapilan calis-
malarla analitik limitler Gzerinden karsilastiriimis ve
Tablo 4'te sunulmustur.

Tablo 4. Sutte glukokortikoidlerin belirlenmesi icin dnerilen yontemin diger bazi ydntemlerle karsilastiriimasi

Analitik seviye

Analit Matriks  Analiz Yontemi (no/kg) Kaynak
. Likit Kromatografi Sirali Kiitle Spektrometri . (Cherlet, De Baere

Beksamerazon SIS (Kati Faz Ekstraksiyon, Dogrulama Yontemi) CCR:0.76 ve De Backer, 2004)
Deksametazon, . . .

. . Sirali Kuitle Spektrometri . Mcdonald, Granelli
Prednizolon, Sut . y . . CCB: 0,45-8,67
B (Kati Faz Ekstraksiyon, Dogrulama Yéntemi) ve Sjoberg, 2007)

etametazon

gztlfs?rit:; c;r;,n Yiiksek Performansli Sivi Kromatografi Diyot
Prednizolon ! Sut Dizi Dedektori CCP:0,36-0,58-0,79-0,42 Calisma verileri

Metil Prednizolon

(Kati Faz Ekstraksiyon, Tarama Yontemi)

En iyi sonuglarn gosteren C8 kartus ile valide
edilmis ekstraksiyon yontemi basit ve glvenilir ol-
makla birlikte sutte deksametazon, betametazon,
prednizolon ve metilprednizolonun kantitatif tara-
ma metodu olarak giinliik laboratuvar uygulamala-
rinda uygulanabilecedi ancak HPLC-DAD'da hedef
analitlerin kolondaki alikonma zamanlari ayni ol-

dugundan, HPLC-DAD'In analitlerin identifikasyonu
icin tek basina yeterli olmayacadi, bu nedenle ileri
dogrulama ydntemi olarak LC -MS/MS'te analitlerin
kendilerine 6zgl ana iyon ve parcalanma iyonlarinin
identifiye edilerek, dogrulanmasi gerektigi sonucu-
na varimistir.

Etlik Vet Mikrobiyol Derg,

https://vetkontrol.tarimorman.gov.tr/merkez

Cilt 35, Sayt 1, 2024, 91-98



o8 Dudaklt G ve Vural H. Siitte Glukokortikoidlerin analizi icin metot karstlastirmast

Tesekkiir: Katkilarindan dolayi Ekrem ERDOGAN,
Dr. T. Zilhan CABUK, Dr. Ali ERKURT, Dr. Selcuk PEK-
KAYA'ya tesekkir ederiz.

Etik Kurul Onay:: Calismada etik kurul iznine ihtiyag
olmamistir.

Makale orijinal arastirma makalesi olup daha 6nce
herhangi bir organizasyonda (kongre, calistay, sem-
pozyum, tezden Uretilen yayin vs.) sunulmamistir.

Kaynaklar

Avrioli, F, Gamberini, M.C,, Pavlovic, R, Di Cesare, F, Draghi, S.,
Bussei, G, Mungiguerra, F, Casati, A. ve Fidani, M. (2022).
Quantification of cortisol and its metabolites in human urine
by LC-MSn: applications in clinical diagnosis and anti-doping
control. Anal Bioanal Chem, 414, 6841-6853. doi: 10.1007/
s00216-022-04249-3

Buchwald, P. ve Bodor, N. (2004). Soft glucocorticoid design: stru-
ctural elements and physicochemical parameters determi-
ning receptor-binding affinity. Die Pharmazie, 59, 396-404.

Caretti, F, Gentili, A., Ambrosi, A, Rocca,M.L,, Delfini, M., Di Coc-
co, M.E. ve D'Ascenzo, G. (2010). Residue analysis of gluco-
corticoids in bovine milk by liquid chromatography-tandem
mass spectrometry. Analytical and Bioanalytical Chemistry,
397, 2477-2490.

Cherlet, M., De Baere,S. ve De Backer, P.(2004) Quantitative deter-
mination of dexamethasone in bovine milk by liquid chroma-
tography-atmospheric pressure chemical ionization-tandem
mass spectrometry. Journal of Chromatography B, 805, 57-65.
doi:https://doi.org/10.1016/j.jchromb.2004.02.015

Courtheyn D., Le Bizec, B., Brambilla, G, De Brabander, H.F,
Cobbaert, E., Van De Wiele, M., Vercammen, J. ve De Was-
ch K.(2002). Recent developments in the use and abuse of
growth promoters. Analytica Chimica Acta, 473, 71-82.

Comparison Between Reversed Phase C18 and C8 SPE Cartridge.
Hawach Scientific. https://www.specartridge.com/compari-
son-between-reversed-phase-c18-and-c8-spe-cartridge/

Cun, L, Yinliang, W, Ting, Y. ve Yan, Z. (2010). Rapid simultaneous
determination of dexamethasone and betamethasone in milk
by liquid chromatography tandem mass spectrometry with
isotope dilution. Journal of Chromatography A1217, 411-
414. doi: https://doi.org/10.1016/j.chroma.2009.12.015

Dirikolu, L. (2013). Glucocorticoids, Mineralocorticoids and Adre-
nolytic Drugs. Riviere, J. Ve Papich, M.(Ed.), Veterinary Phar-
macology And Therapeutics, 9.

Dolan, JW. (2017). Back to Basics: The Role of pH in Retention and
Selectivity. LCGC International, 35, 22-28.

Guo,C., Wy, C, Zhang,Z, Tan, S., Chen, S. ve Chen, G. (2024). Si-
multaneous determination of 58 glucocorticoid residues in
milk by ultra-high performance liquid chromatography-tan-
dem mass spectrometry. Journal of Chromatography A, 1719.
doi: https://doi.org/10.1016/j.chroma.2024.464734

Islas, G., Ibarra, I.S., Hernandez, P, Miranda, JM. ve Cepeda,
A.(2017). Dispersive Solid Phase Extraction for the Analysis

of Veterinary Drugs Applied to Food Samples: A Review. Hin-
dawi International Journal of Analytical Chemistry, 2017. doi:
https://doi.org/10.1155/2017/8215271

Kyle, PB. (2017). Toxicology: GCMS. Mass Spectrometry for the Cli-
nical Laboratory, 131-163. doi: https://doi.org/10.1016/B978-
0-12-800871-3.00007-9

Luo, Y., Uboh, C.E,, Soma, L.R., Guan, FY, Rudy, JA, ve Tsang, D.S.
(2005). Simultaneous analysis of twenty-one glucocorticoids
inequine plasma by liquid chromatography/tandem masss-
pectrometry. Rapid Communications in Mass Spectrometry,
19,1245-1256.

Malone, E.M.,, Elliott, C., Kennedy, D.G. ve Regan, L. (2010). Scree-
ning and Quantitative Confirmatory Method for the Analysis
of Glucocorticoids in Bovine Milk Using Liquid Chromatog-
raphy-Tandem Mass Spectrometry. Journal Of Aoac Interna-
tional, 93, 1656-1665. doi: 10.1093/jacac/93.5.1656

Mcdonald, M., Granelli, K. ve Sjoberg, P. (2007). Rapid multi-re-
sidue method for the quantitative determination and con-
firmation of glucocorticosteroids in bovine milk using liquid
chromatography-electrospray ionization-tandem mass spe-
ctrometry. Analytica Chimica Acta, 588, 20-25. doi:https://
doi.org/10.1016/j.aca.2007.01.075

Otles, S. ve Kartal, C. (2016). Solid-Phase Extraction (Spe): Princip-
les and Applications in Food Samples. Acta Sci. Pol. Technol.
Aliment, 15(1), 5-15. doi: 10.17306/J.AFS.2016.1.1

Schacke, H., Décke, W.D. ve Asadullah,K. (2002). Mechanisms in-
volved in the side effects of glucocorticoids. Pharmacology &
Therapeutics, 96, 23-43.

Schimmer, B.P. ve Funder, JW. (2022). Adrenocorticotropic Hor-
mone, Adrenal Steroids, and the Adrenal Cortex. Goodman &
Gilman’s: The Pharmacological Basis of Therapeutics, 13.

TC Tarim ve Orman Bakanligi. (2017). Turk Gida Kodeksi Hayvan-
sal Gidalarda Bulunabilecek Farmakolojik Aktif Maddelerin
Siniflandirimasi ve Maksimum Kalinti Limitleri Yonetmeligi.
(30000).

The European Commission.(2021). Commission Implementing
Regulation (EU) 2021/808. https://eur-lex.europa.eu/eli/reg_
impl/2021/808/0j ‘den erisilmistir.

Tolgyesi, A, Tolgyesi, L., Sharma, V.K., Sohn, M. ve Fekete, J.(2010).
Quantitative determination of corticosteroids in bovine milk
using mixed-mode polymeric strong cation exchange so-
lid-phase extraction and liquid chromatography-tandem
mass spectrometry. Journal Of Pharmaceutical And Biome-
dical Analysis, 53(4), 919-928. doi: https://doi.org/10.1016/].
jpba.2010.06.026

Turhan, E., Kabil, E., Dudakli, G. ve Dirikolu, L. (2018, Mart). A New
Approach For The Determination Of Betamethasone And
Dexamethasone By Liquid Chromatography-tandem Mass
Spectrometry (LC-MS/MS). (Poster). International Conference
Of Racing Analysts And Veterinarians, Dubai.

UHPLC Separation of Nine Corticosteroids in Under Four Minu-
tes. Thermo Scientific. https://Icms.cz/labrulez-bucket-stra-
pi-h3hsga3/AB_123_HPLC_Corticosteroids_UHPLC_28_
Jan2011_LPN_2729_8e265e33bf/AB123-HPLC-Corticosteroi-
ds-UHPLC-28Jan2011-LPN2729.pdf ' den erisilmistir.

Etlik Vet Mikrobiyol Derg,

https://vetkontrol.tarimorman.gov.tr/merkez

Cilt 35, Sayt 1, 2024, 91-98


https://doi.org/10.1007%2Fs00216-022-04249-3
https://doi.org/10.1007%2Fs00216-022-04249-3
https://www.specartridge.com/comparison-between-reversed-phase-c18-and-c8-spe-cartridge/
https://www.specartridge.com/comparison-between-reversed-phase-c18-and-c8-spe-cartridge/
https://doi.org/10.1016/j.chroma.2009.12.015
https://doi.org/10.1016/j.chroma.2024.464734
https://doi.org/10.1155/2017/8215271
https://doi.org/10.1016/B978-0-12-800871-3.00007-9 
https://doi.org/10.1016/B978-0-12-800871-3.00007-9 
https://eur-lex.europa.eu/eli/reg_impl/2021/808/oj
https://eur-lex.europa.eu/eli/reg_impl/2021/808/oj
https://doi.org/10.1016/j.jpba.2010.06.026
https://doi.org/10.1016/j.jpba.2010.06.026
https://lcms.cz/labrulez-bucket-strapi-h3hsga3/AB_123_HPLC_Corticosteroids_UHPLC_28_Jan2011_LPN_2729_8e265e33bf/AB123-HPLC-Corticosteroids-UHPLC-28Jan2011-LPN2729.pdf
https://lcms.cz/labrulez-bucket-strapi-h3hsga3/AB_123_HPLC_Corticosteroids_UHPLC_28_Jan2011_LPN_2729_8e265e33bf/AB123-HPLC-Corticosteroids-UHPLC-28Jan2011-LPN2729.pdf
https://lcms.cz/labrulez-bucket-strapi-h3hsga3/AB_123_HPLC_Corticosteroids_UHPLC_28_Jan2011_LPN_2729_8e265e33bf/AB123-HPLC-Corticosteroids-UHPLC-28Jan2011-LPN2729.pdf
https://lcms.cz/labrulez-bucket-strapi-h3hsga3/AB_123_HPLC_Corticosteroids_UHPLC_28_Jan2011_LPN_2729_8e265e33bf/AB123-HPLC-Corticosteroids-UHPLC-28Jan2011-LPN2729.pdf

Etlik Vet Mikrobiyol Derg, 2024; 35 (1): 99-104
doi: https://doi.org/10.35864/evmd.1380917

Review Article
Derleme

Effects of bacterial biodosimeters against radiation: A review study
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Abstract: The bacterial biodosimeter is a type of biodosimeter that utilizes bacteria as the challenging organism to
measure the effective dose of a reactor. These biodosimeters capitalize on the unique responses of bacterial systems
to ionizing radiation, providing valuable insights into the biological effects of radiation, and enabling accurate dose
estimation, and the potential health risks for living organisms. This review covers the details of the advantages and
disadvantages of using bacteria for area monitoring of radiation and the current state of knowledge regarding
bacterial biodosimeters. Additionally, methods for the detection of bacteria, protocols for radiation exposure, and
factors that could influence culture conditions have been examined. This review aims to consolidate the existing
knowledge on bacterial biodosimeters and stimulate further research to harness their full potential in radiation
monitoring and protection.

Keywords: Biodosimeter; Bacterial biodosimeter; Exposure; Radiation; Optimization

Bakteriyel biyodozimetrelerin radyasyona karsi etkileri: Bir derleme ¢alismasi

Ozet: Bakteriyel biyodozimetre, reaktériin etkin dozunu &lcmek icin bakterileri meydan okuma organizmasi
olarak kullanan bir tlr biyodozimetredir. Bu biyodozimetreler, bakteri sistemlerinin iyonlastirici radyasyona karsi
benzersiz tepkilerinden faydalanarak, radyasyonun biyolojik etkileri hakkinda degerli bilgiler sunmakta ve dogru
doz tahminini saglamaktadir, ayni zamanda canli organizmalar icin potansiyel saglik risklerini belirlemektedir. Bu
derleme, radyasyonun alan izlemesi icin bakterilerin kullanilmasinin avantajlari ve dezavantajlarinin detaylarini ve
bakteriyel biyodozimetreler hakkindaki mevcut bilgi durumunu kapsamaktadir. Ayrica, bakterilerin tespit ydntemleri,
radyasyon maruziyeti protokolleri ve kiltlr kosullarini etkileyebilecek faktorler incelenmistir. Bu derleme, bakteriyel
biyodozimetrelerin var olan bilgisini bir araya getirme ve radyasyon izleme ve koruma konularinda potansiyellerini

tam olarak kullanmak icin daha fazla arastirmayi tesvik etmeyi amaglamaktadir.

Anahtar kelimeler: Bakteriyel Biyodozimetre; Biyodozimetre; Maruziyet; Optimizasyon; Radyasyon

Introduction

According to the International Atomic Energy Agen-
cy (IAEA), some 23 million workers worldwide are
are subjected to ionizing radiation as part of their
job responsibilities (Workers, n.d.). In order to pro-
tect them against such an exposure, some specific
steps as; regular monitoring, protective equipment,
or countermeasures such as shielding can be fol-
lowed (Boice et al, 2020). Additionally; training,
information exchange, and consistent health sur-
veillance are also important factors for an efficient
occupational radiation protection regime (Albander,
2021). In the modern era of radiation exposure as-
sessment and radiation protection, biodosimetry
has emerged as a critical tool for accurately evalu-
ating radiation doses and understanding their bio-
logical effects. Among the diverse array of biodo-
simetric approaches, bacterial biodosimeters have

garnered increasing attention for their unique abil-
ity to provide reliable and versatile assessments of
ionizing radiation exposure. These biodosensors
capitalize on the distinct and specific responses of
bacterial systems to radiation-induced damage, of-
fering valuable insights into the radiation-induced
biological effects and facilitating precise dose
estimations(Heron et al., 2010).

The IAEA Occupational Radiation Protec-
tion Programme aims to promote and assist in
establishing an internationally harmonized ap-
proach for optimizing occupational radiation
protection(International Conference on Occupa-
tional Radiation Protection — Strengthening Radia-
tion Protection of Workers — Twenty Years of Progress
and the Way Forward, n.d.) . It offers direction to
member nations of the International Atomic Ener-
gy Agency (IAEA) by means of a structured set of
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safety standards, categorized into three levels: Safe-
ty Fundamentals, Safety Requirements, and Safety
Guides(International Conference on Occupational
Radiation Protection — Strengthening Radiation Pro-
tection of Workers — Twenty Years of Progress and the
Way Forward, n.d.). In addition to that it also helps
Member States to apply these standards and guide-
lines in practice through various activities, such as
training, information exchange, technical coopera-
tion, and peer review services. In the year of 2014,
the IAEA developed the Occupational Radiation Pro-
tection Call-for-Action with several other interna-
tional organizations, which includes nine key areas
that require global attention in the field of radiation
protection of workers (Workers, n.d.). These actions
have significance on the safe use of ionizing radia-
tion. The IAEA also releases e-learning courses on
radiation protection of workers to enhance national
capabilities and awareness (Suarez et al., 2001).

In 2014, the (IAEA), in collaboration with vari-
ous international organizations, created the Oc-
cupational Radiation Protection Call-for-Action.
This document was designed to tackle the de-
ficiencies, obstacles, and advancements within
the domain of protecting workers from radiation
exposure(Workers, n.d.). It states nine key areas that
require global attention, which are:

1. Implementing existing safety standards and
guidance

2. Strengthening assistance to countries with less
developed programs for occupational radiation
protection

3. Improving safety culture among exposed work-
ers and their management

4. Enhancing the protection of workers in medi-
cine

5. Enhancing the protection of workers exposed to
natural sources.

6. Enhancing the protection of workers in the nu-
clear fuel cycle and decommissioning activities

7. Enhancing the protection of workers in emer-
gency exposure situations and existing expo-
sure situations

8. Convening international forum for information
exchange

9. Strengthening education, training, and qualifi-
cation programs for occupational radiation pro-
tection professionals

In this regard, these actions plays a crucial role
and are taken for the safe utilization of ionizing ra-

diation and ensuring that workers receive sufficient
protection from potential hazards.

Dosimeters and biodosimeters

A dosimeter is an instrument employed to measure
an individual's exposure to ionizing radiation. Typi-
cally, dosimeters provide a report in the form of a
dose, expressed as the absorbed radiation energy
measured in grays (Gy) or the equivalent dose mea-
sured in sieverts (Sv). There are different types of
dosimeters, such as film badge, thermoluminescent,
electronic or ion-chamber dosimeters. Dosimeters
possess the capability to offer a quantitative and
reproducible measurement of absorbed dose by in-
ducing alterations in one or more of their physical
characteristics when subjected to ionizing radiation
energy. Dosimeters are worn by people who work
with or near sources of radiation, such as radiogra-
phers, nuclear power plant workers, doctors using
radiotherapy, or HAZMAT workers (Yukihara et al.,
2022).

Biodosimetry is a measurement of biological
response as a surrogate for radiation dose. Biodo-
simetry serves the purpose of estimating the dose
and, when possible, forecasting or reflecting the
medically significant reaction, which refers to the
biological outcomes resulting from that dose(De
Deene, 2022). Biodosimetry can utilize changes in-
duced in the individual by ionizing radiation, such
as cytogenetic damage, gene expression, protein or
metabolite levels, or physiological alterations (Mac-
chione et al,, 2022). Ideally, the changes should be
specific for ionizing radiation, and the response
should be unaffected by other factors (Sproull et al.,
2017). Biodosimetry can be useful for medical man-
agement of radiological emergencies, such as mass
casualty incidents or accidental exposures (Swartz
et al, 2014).

Popular types of biodosimetry methods can be
listed as;

1. Dicentric chromosome assay: This method mea-
sures the frequency of dicentric chromosomes,
which are abnormal chromosomes with two
centromeres, in peripheral blood lymphocytes.
Dicentric chromosomes are specific for ionizing
radiation and correlate well with radiation dose.

2. Cytokinesis-block micronucleus assay: This
method measures the frequency of micronuclei,
which are small fragments of chromosomes
that are not incorporated into the daughter nu-
clei during cell division, in binucleated lympho-
cytes. Micronuclei can be induced by ionizing
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radiation and other genotoxic agents (Wilkins
et al, 2017).

3. yH2AX marker of DNA damage: This method
measures the level of phosphorylated histone
H2AX (yH2AX), which is a marker of DNA dou-
ble-strand breaks, in lymphocytes or other cell
types. yH2AX foci can be detected by immuno-
fluorescence staining and microscopy or flow
cytometry (Wilkins et al., 2017).

4. Electron paramagnetic resonance (EPR): This
technique quantifies the levels of persistent
free radicals in biological substances like tooth
enamel, nail clippings, or bone, which are gen-
erated as a result of exposure to ionizing radia-
tion. EPR can provide an estimate of cumulative
radiation exposure over a long period of time
(Swartz et al., 2014).

Biodosimetry methods can be standardized and
validated by following the guidance and recom-
mendations from relevant authorities, such as the
IAEA or the Food and Drug Administration (FDA)
(Sholom et al.,, 2022). These authorities provide cri-
teria and procedures for the performance, quality
assurance, calibration, and interpretation of biodo-
simetry methods. Biodosimetry methods can also
be standardized and validated by comparing them
with physical dosimetry methods, such as thermolu-
minescent dosimeters or mobile phone components
(Radiation Biodosimetry Medical Countermeasure
Devices Guidance for Industry and Food and Drug Ad-
ministration Staff, 2016). Such comparisons can help
verify and validate the dose reconstruction accuracy
and reliability of biodosimetry methods. Biodosim-
etry methods can also be standardized and validated
by participating in inter-laboratory comparisons or
proficiency testing programmes, such as the WHO
BioDoseNet, which can help evaluate and improve
the technical competence and performance of bio-
dosimetry laboratories (Sproull et al., 2017).

Bacterial biodosimetry

Bacterial biodosimetry which is a form of biodo-
simetry that employs bacteria as an organism of
challenge to assess the radiation dose of a reactor
by evaluating its capacity to render them nonfunc-
tional (Sperle et al., 2023). In another term bacte-
rial biodosimetry is a type of biodosimetry that uses
bacteria as a challenge organism to measure the
fluence of a reactor by determining its ability to in-
activate them. Bacterial biodosimetry can be used to
evaluate the performance of lab-scale flow-through
ultraviolet water disinfection reactors, which are

used to control biofouling. Bacterial biodosimetry
can be standardized and validated by following the
same principles and procedures as other biodosim-
etry methods, such as using appropriate challenge
organisms, avoiding photo repair, reducing protrac-
tions, and minimizing cell absorption on labware
(Workers, n.d.). Bacterial biodosimetry can also be
standardized and validated by comparing it with
physical dosimetry methods, such as thermolumi-
nescent dosimeters or mobile phone components
(Sproull et al., 2017). Bacterial biodosimetry can also
be standardized and validated by participating in
inter-laboratory comparisons or proficiency testing
programs.

Widespreadly used bacteria as challenge or-
ganisms for biodosimetry are:

1. Escherichia coli: This is a common gram-nega-
tive bacterium that can be found in the human
gut and in various environments. It is widely
used as a model organism for molecular biol-
ogy and biotechnology. It is also sensitive to
UV-C irradiation and can be easily cultured and
quantified (Nocker et al., 2018).

2. Bacillus subtilis: This is a gram-positive bacte-
rium that can form endospores, and are highly
resistant to environmental stresses, including
UV radiation. It is often used as a reference or-
ganism for biodosimetry of UV disinfection of
water. It can also be used to study the mecha-
nisms of DNA repair and spore formation (Sper-
le et al., 2023).

3. Aquabacterium citratiphilum: This is a gram-
negative bacterium that can form biofilms on
various surfaces, such as pipes or membranes. It
is relevant for biofouling control by UV disinfec-
tion of water. It can also be used to study the ef-
fects of UV irradiation on biofilm formation and
detachment (Sperle et al., 2023).

4. Deinococcus radiodurans: This is a bacterium
known for its remarkable ability to withstand
ionizing radiation, ultraviolet radiation, oxida-
tion, desiccation, and various other environ-
mental pressures (Farci et al., 2022). Deinococ-
cus radiodurans is a crucial model for studying
the mechanisms of DNA damage and repair,
redox regulation, and survival strategies in re-
sponse to high-dose ionizing radiation (Farci et
al., 2022). Deinococcus radiodurans can also be
used for bioremediation of radioactive waste or
heavy metal pollution, as it can degrade organic
compounds and transform toxic metals (Liu et
al., 2023). Deinococcus radiodurans can also be
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genetically manipulated to enhance its biotech-
nological applications (Ghosal et al., 2005).

Bacterial biodosimetry for area monitoring

Bacteria can be used for area monitoring of radia-
tion by measuring their survival or inactivation rate
after exposure to different doses of radiation. The
same situation is also valid if their DNA damage
or repair is measured after the exposure. Bacteria
can also be used for area monitoring of radiation
by measuring their growth rate or metabolic activity
under different environmental conditions (Zhang et
al., 2018). Bacteria can provide a biological indicator
of the radiation level and the potential health ef-
fects on living organisms. Bacteria can also be used
for bioremediation of radioactive waste or heavy
metal pollution by degrading organic compounds
or transforming toxic metals (Workplace Monitoring
- Home, n.d.).

There are significant advantages of using bac-
teria for area monitoring. Bacteria are easy to cul-
ture, handle, and transport. Bacteria have a fast
growth rate and a short generation time, which al-
lows for rapid and repeated measurements. Bacteria
have a high sensitivity and specificity to radiation,
which enables accurate and reliable dose estima-
tion. Bacteria have a wide range of radiation resis-
tance and metabolic diversity, which allows for the
selection of suitable strains for different radiation
sources and environmental conditions. Bacteria can
provide information on the biological effects of ra-
diation, such as DNA damage, repair, mutation, and
cell death.

On the contrary; disadvantages of using bac-
teria for area monitoring of radiation also exists.
Bacteria may have different responses to radiation
depending on their physiological state, growth
phase, culture medium, and environmental fac-
tors. Bacteria may have different responses to ra-
diation depending on the type, energy, dose rate,
and quality of radiation. Bacteria may have different
responses to radiation depending on the presence
of other stressors, such as temperature, pH, oxygen,
nutrients, or chemicals. Bacteria may have different
responses to radiation depending on the interac-
tion with other microorganisms or host cells. Bac-
teria may have limitations in detecting low doses or
chronic exposures of radiation.

The technic to be applied for bacterial
biodosimetry

To highlight the technic of standard culture condi-
tions, irradiation protocols, and detection methods

for bacteria some parameters should be taken into
account.

Culture conditions; bacteria can be cultured in
liquid or solid media with appropriate nutrients, pH,
temperature, and oxygen levels (Wang & Salazar,
2015). The culture conditions should be optimized
for the growth and survival of the selected bacterial
strain and consistent for each experiment (Wang &
Salazar, 2015). The culture conditions can be affect-
ed by the physiological state, growth phase, culture
medium, and environmental factors of the bacteria.
For example, the bacterial growth rate, metabolism,
and resistance to radiation may vary depending on
the nutrient availability, pH, temperature, oxygen
level, and presence of other microorganisms or
chemicals in the culture medium (Wang & Salazar,
2015).

Irradiation protocols; bacteria can be irradiated
with different sources and doses of radiation, such
as gamma rays, X-rays, or ultraviolet rays. The ir-
radiation protocols should be standardized for the
type, energy, dose rate, and quality of radiation and
calibrated with physical dosimeters. The irradia-
tion protocols should also minimize the exposure
time and the variation of radiation dose across the
sample. The irradiation protocols can be affected by
the type, energy, dose rate, and quality of radiation
and the sample matrix. For example, the radiation
dose and the biological effects may vary depending
on the source and energy of radiation, the exposure
time and distance, the shielding and attenuation of
radiation, and the composition and geometry of the
sample.

Detection methods; bacteria can be detected
and quantified by different methods, such as nu-
cleic acid-based methods (e.g., PCR, hybridization),
immunological methods (e.g., ELISA, immunofluo-
rescence), biosensor methods (e.g., electrochemi-
cal, optical), or phenotypic methods (e.g., colony
counting, turbidity). The detection methods should
be sensitive, specific, accurate, and reliable for the
target bacteria and compatible with the sample ma-
trix. The detection methods can be affected by the
sensitivity, specificity, accuracy, and reliability of the
method and the sample matrix. For example, the
detection limit, signal-to-noise ratio, false positive
or negative results, and reproducibility may vary
depending on the target bacteria, the detection
principle and technique, the calibration and quality
control of the method, and the interference or inhi-
bition of the sample (Wise, 2006).
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Conclusion

The conclusion of this review is that bacterial biodo-
simetry is a useful and promising technique for area
monitoring of radiation, but it also has some chal-
lenges and limitations that need to be addressed.
Bacterial biodosimetry requires standardization and
validation of the culture conditions, irradiation pro-
tocols, and detection methods for bacteria, as well
as the consideration of the factors that can influ-
ence the bacterial responses to radiation. Bacterial
biodosimetry can provide information on the bio-
logical effects of radiation and the potential health
risks for living organisms. Bacterial biodosimetry
can also be integrated with other methods for ra-
diation detection and bioremediation. There are
some possible future directions for bacterial biodo-
simetry including, developing novel and improved
culture conditions, irradiation protocols, and detec-
tion methods for bacteria that are more sensitive,
specific, accurate, and reliable. The knowledge of
exploring the molecular and cellular mechanisms of
bacterial responses to radiation, such as DNA dam-
age and repair, redox regulation, and survival strat-
egies not only enhances our comprehension of the
biological effects of radiation but also holds poten-
tial for the development of advanced radiation pro-
tection strategies. As we advance towards a deeper
comprehension of bacterial biododosimeters, these
invaluable tools will continue to play a pivotal role
in safeguarding human health and enhancing radia-
tion protection measures in various fields, includ-
ing healthcare, space exploration, and emergency
preparedness. Establishing and expanding the col-
laboration and communication among researchers,
regulators, and stakeholders in the field of bacterial
biodosimetry will require continued research and
interdisciplinary collaboration.
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Abstract: Quality Management in high-containment laboratories plays a pivotal role in ensuring the safehandling of
biological agents and toxins, thereby mitigating potential biorisks. This paper provides a comprehensive exploration
of the key aspects of Quality Management Systems (QMS) tailored to the unique challenges of high-containment
laboratories. It delves into the significance of QMS in enhancing biosafety and biosecurity measures, safeguarding
laboratorypersonnel, the community, and the environment. The paper also discusses the integration of international
standards, risk management strategies, and the role of top management in fosteringa culture of safety. Through
this examination, it becomes evident that a robust QMS not only ensures compliance but also promotes continual
improvement and innovation in high- containment laboratory operations, ultimately advancing the field of biosafety
and biosecurity.

Keywords: Biological agents, biological risks, biosafety, Quality Management System

Biyogiivenlik ve biyogiivenligin gelistirilmesi: Yiiksek
korumali laboratuvarlardakalite yonetimi

Ozet: viiksek korumali laboratuvarlarda Kalite Yonetimi, biyolojik ajanlarin ve toksinlerin giivenli bir sekilde ele
alinmasini saglamada ve bdylece potansiyel biyolojik riskleri azaltmada ¢ok énemli bir rol oynamaktadir. Bu makale,
yiksek korumali laboratuvarlarin kendine 6zgi zorluklarina gore uyarlanmis Kalite Yonetim Sistemlerinin (KYS)
temel ydnlerinin kapsamli bir incelemesini sunmustur. Biyoguvenlik ve biyoguvenlik dnlemlerinin gelistiriimesinde,
laboratuvar personelinin, toplumun ve cevrenin korunmasinda KYS'nin dnemini ele almistir. Calismada ayrica
uluslararasi standartlarin entegrasyonu, risk ydnetimi stratejileri ve Gst ydnetimin guivenlik kiltirini tesvik etmedeki
roli de tartisilmistir. Bu inceleme sayesinde, saglam bir KYS'nin yalnizca uyumlulugu saglamakla kalmayip ayni
zamanda yiksek muhafazali laboratuvar operasyonlarinda siirekli iyilestirme ve yeniligi tesvik ettigi ve nihayetinde

biyogivenlik ve biyoguvenlik alanini ilerlettigi anlasiimistir.

Anahtar kelimeler: Biyolojik ajanlar, biyolojik riskler, biyogtivenlik, Kalite Yonetim Sistemi

Introduction

The introduction to this paper lays the foundation
for comprehending the intricate dynamics of Qual-
ity Management in high-containment laboratories
concerning biorisks. High-containmentlaboratories
serve as critical environments where the handling of
biological agents and toxins demands an elevated
degree of safety and security. In these specialized
facilities, the management of biorisks, including
those posed by pathogens of epidemic potential
anddeliberate misuse, requires meticulous attention.
This section of the paper initiates the discourse by
emphasizing the indispensable role of Quality Man-
agement Systems (QMS) in orchestratingan effective
response to these challenges (Coelho and Garcia
Diez 2015; Peng et al. 2018).

Within high-containment laboratories, the par-
amount objective is to prevent laboratory- acquired
infections, safeguard public health, and protect the
environment from potential hazardsassociated with
biological agents. Achieving this objective necessi-
tates the systematic implementation of QMS proto-
cols and principles. The paper undertakes a rigorous
explorationof the multifaceted dimensions of QMS,
underscoring its centrality in fortifying biosafety and
biosecurity measures within the context of high-
containment laboratories. As the paper progresses,
it will delve into various facets of QMS, elucidating
their intricate interplay within high-containment
laboratory settings. Furthermore, it will elucidate
the manner in which QMSharmonizes with interna-
tional standards, affords a structured framework for
risk management,and fosters a culture of safety and
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compliance. Ultimately, this section primes the read-
er for anin-depth examination of the critical compo-
nents and implications of Quality Management in
high-containment laboratories, subsequently con-
tributing to the broader understanding of biorisk
management in these specialized research environ-
ments (Zaki 2010; Allen 2013).

Regulatory Framework and International
Standards

In the realm of high-containment laboratories, the
regulatory landscape is characterized by a complex
tapestry of guidelines, standards, and international
regulations. These multifarious directives are instru-
mental in shaping the Quality Management prac-
tices within such facilities. This section of the paper
will elucidate the intricate web of regulatory frame-
works and international standards that exert a pro-
found influence on the operations and protocols of
high-containment laboratories (Hou et al. 2019).

Regulatory Oversight

Beyond the United States, high-containment labo-
ratories operate within a global regulatory land-
scape that prioritizes safety, security, and ethical re-

sponsibility. Organizations such as theNorth Atlan-
tic Treaty Organization (NATO) play a pivotal role in
strengthening global biosecurity. Global approach
to biorisks continues to be widely utilized in regu-
latory documents, amplifying the authoritative and
non-negotiable nature of these guidelines. At the
international level, the World Health Organization
(WHO) provides guidance and recommendations
for the safe and secure operation of high-contain-
ment laboratories. Global approach to biorisks re-
mains prominent in these international standards,
serving as a constant reminder of the stringent ex-
pectations for biosafety and biosecurity (Aravind
and Christmann 2011). Moreover, various regional
and national defense organizations collaborate to
enhance global security against biological threats.
NATO, as a defensive alliance, has been at the fore-
front of efforts to bolster biorisk management prac-
tices worldwide. In its directives and agreements, the
global approach to biorisks is employed extensively
to emphasize the collective commitment to prevent-
ing and mitigating potential risks associated with
high-containment laboratories (Bchner et al. 1994;
Bremond and Plebani 2001). The table 1. provides a
general overview of the status of high-containment
laboratories in selected countries:

Table 1. General overview of the status of high-containment laboratories in selected countries

Country Status

United States

The US has a well-established regulatory framework for high-containment laboratories, overseen by

the Centers for Disease Control and Prevention (CDC) and the US Department ofAgriculture (USDA).

The UK also has a robust regulatory framework for high-containment laboratories, overseen by the Health
Canada has a well-developed regulatory framework for high-containment laboratories, overseen by
Australia has a well-established regulatory framework for high-containment laboratories, overseen by
Japan has a well-developed regulatory framework for high-containment laboratories, overseen by the

China has a rapidly developing regulatory framework for high-containment laboratories, overseen by
India has a well-developed regulatory framework for high-containment laboratories, overseen by the

Brazil has a well-developed regulatory framework for high-containment laboratories, overseen by the

South Africa has a well-developed regulatory framework for high-containment laboratories, overseen by

United
Kingdom and Safety Executive (HSE).
(CaiERR the Public Health Agency of Canada (PHAC).
Australia the Office of the Gene Technology Regulator (OGTR).
e Ministry of Health, Labour and Welfare (MHLW).
China the National Health Commission (NHC).
India . - .

Indian Council of Medical Research (ICMR).
Brazil - -

National Health Surveillance Agency (ANVISA).
South Africa

the National Health Research Ethics Council (NHREC).

International Standards

Internationally recognized bodies such as the Wor-
Id Health Organization (WHO) and the Internati-
onal Organization for Standardization (ISO) play
pivotal roles in shaping the regulatory landscape

for high-containment laboratories. The [SO/IEC
17025:2017 standard, designed for the recognition
of laboratory competence, serves as a cornerstone
for many laboratories seeking accreditation. Ad-
ditionally, the CEN Workshop Agreement (CWA)
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15793:2011, renowned forits focus on biosafety and
biosecurity, complements the accreditation process,
reinforcing ethical provisions and technical aspects

Table 2. The standards for biorisks

(Vlachos et al.2002; Castka and Balzarova 2008; He-
ires 2008). The standards for biorisks are given in
table 2.

Date of

Standard

Publication

Organization

Biosafety in microbiological and biomedicallaboratories 2020

Laboratory biosafety manual 2020
AS/NZS 2243.3:2019 safety in laboratories -part 3:
microbiological safety and containment

BS 5728:2014 code of practice formicrobiological safety 2014
in laboratories

CAN/CSA-Z316.10-19 biological safety cabinets - design

2019

. ) . ' 2019
construction, performance, and testing requirements
ANSI/ASSE 7358.1-2014 american nationalstandard for
emergency eyewash and shower 2014

equipment
NFPA 45 standard on fire protection forlaboratories using 2021
chemicals

Centers for Disease Control and Prevention(CDC)
and National Institutes of Health (NIH)

World Health Organization (WHO)

Standards Australia and Standards NewZealand
British Standards Institution (BSI)

Canadian Standards Association (CSA)

American National Standards Institute (ANSI)

National Fire Protection Association(NFPA)

These instances represent only a subset of the
numerous biorisk standards disseminated by diver-
se organizations worldwide. It is crucial to unders-
core that the precise set of standards applicable to a
specific laboratory can exhibit variations contingent
upon its geographical location, falling within the
purview of distinct countries or regions (Aller 1996;
Casey and Souvignet 2020).

Importance of Compliance

It is crucial to underscore that adherence to these
regulatory frameworks and international standards
is paramount for high-containment laboratories.
Compliance with these standards is not only a mat-
ter of legal obligation but also a fundamental com-
ponent of risk mitigation (Altenstetter 2012). Global
approach to biorisks is intentionally utilized within
these regulatory documents to establish clear gui-
delines and expectations, ensuring that laboratory
activities align with the principles of biorisk mana-
gement (Wijkstrdm and McDaniels 2013).

Harmonization Challenges

Throughout this section, we will explore the nuances
of these regulatory frameworks, shedding light on
their overarching significance in shaping Quality Ma-
nagement practices. Moreover, wewill delve into the
challenges and complexities associated with harmo-
nizing diverse international standards and regulati-
ons, ultimately providing a comprehensive overview

of theregulatory landscape that governs high-con-
tainment laboratories (Casey and Souvignet 2020).

COVID-19 and the Wuhan Laboratory

The emergence of COVID-19, caused by the novel
coronavirus SARS-CoV-2, brought unprecedented
global attention to laboratory safety, especially in
high-containment facilities. The Wuhan Institute of
Virology (WIV) in Wuhan, China, where the virus was
first identified, became a focal point of discussions
and investigations regarding the origins of the virus
(Barman et al. 2020; Chan et al. 2020; Singh et al.
2020).

Amid the initial confusion and uncertainty
surrounding the outbreak, questions arose about
whether the virus could have accidentally leaked
from a laboratory. This speculation fueled debates
and underscored the paramount importance of ri-
gorous biorisk management in high- containment
laboratories (Cai et al.2020; Elfiky 2020).

Origins of the Controversy

The controversy surrounding the Wuhan laboratory
primarily revolved around two hypotheses:zoonotic
spillover and laboratory escape. The former sug-
gests that the virus naturally transferred from ani-
mals to humans, possibly through a seafood mar-
ket in Wuhan where live animals were also sold. The
latter hypothesis raised concerns that the virus acci-
dentally escapedfrom the laboratory due to lapses
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in safety protocols (Nishiura et al.2020; Ruiz-Medina
et al. 2022).

The Role of Laboratory Biosafety

The Wuhan laboratory incident, whether as the
origin of the virus or not, brought laboratory bio-
safety and biosecurity into the global spotlight. It
prompted discussions about the need for stricter
adherence to established biorisk management pro-
tocols, stringent safety measures, and international
collaboration in assessing laboratory safety (Kreu-
der Johnson et al. 2015; Domingo 2022).

Strengthening Biorisk Management

In response to the Wuhan laboratory incident, the
international scientific community called fora com-
prehensive review of laboratory safety standards
and practices. This included revisiting biosafety gu-
idelines, enhancing transparency, and reinforcing
international cooperation in monitoring high-con-
tainment laboratories. The Wuhan laboratory inci-
dent serves as a stark reminder that even the most
advanced high-containment laboratories are not
immune topotential risks. It underscores the critical
importance of maintaining the highest standards of
biorisk management, transparency, and accounta-
bility to prevent future incidents (Zhu and Cai2020;
Zhu et al.2020).

Lessons Learned

The global response to the COVID-19 pandemic and
the scrutiny of laboratory safety in its wake have
provided valuable lessons. These lessons emphasize
the need for a global approachto biorisk manage-
ment, stringent adherence to safety protocols, and
open collaboration among nations to ensure the
safe operation of high-containment laboratories
(Coelho and Garcia Diez2015; Munson 2018).

In conclusion, the Wuhan laboratory incident,
regardless of its origins, has underscored the signi-
ficance of biorisk management in high-containment
laboratories worldwide. It serves as a catalyst for
strengthening global efforts to enhance laboratory
safety, protect public health, and advance scientific
knowledge while minimizing the potential risks as-
sociated with infectious disease research (Su et al.
2020).

Future Directions

The evolving nature of biological research and the
emergence of novel pathogens necessitate a dy-
namic and adaptive regulatory framework. In the
coming years, international organizations, govern-

ments, and scientific communities must collabora-
te to refine and update these standardsto address
emerging biosecurity and biosafety challenges. This
section will also touch upon thefuture directions in
regulatory oversight, emphasizing the need for agi-
lity and responsiveness in the face of evolving bio-
risks (Filonchyk et al.2021).

Quality Management Systems in High-
Containment Laboratories

In high-containment laboratories, the implementa-
tion of robust Quality Management Systems (QMS)
is paramount for ensuring the safe and secure hand-
ling of biological agents and toxins.This section del-
ves into the intricacies of QMS within the context
of high-containment laboratories, shedding light
on the global approach to biorisks used extensively
to emphasize the systematic and controlled nature
of these management systems (Coelho and Garcia
Diez 2015). The global distribution of BSL-4 labora-
tories are given in table 3 (Global Biolabs 2023).

Table 3. The global distribution of BSL-4 laboratories.

Region Number of BSL-4 Laboratories
North America 15

Europe 26

Asia 20

South America 1

Africa

Australia 4

Total 69

Development and Implementation of QMS

Global approach to biorisks is often employed in
describing the development and implementation
of QMS to underscore the importance of rigorous
planning and systematic execution. Quality mana-
gers oversee the establishment of QMS, with a pri-
mary objective of integrating biorisk management
seamlessly into laboratory operations (Dirnagl et al.
2018).

Role of ISO/IEC 17025:2017 Standard

The international standard for laboratories condu-
cting testing and calibration activities worldwide is
ISO/IEC 17025:2017, General standards for the com-
petence of testing and calibration laboratories. The
ISO/IEC 17025:2017 standard, recognized internati-
onally for evaluating laboratory competence, serves
as the backbone of many QMS in high-containment
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laboratories. The ISO/IEC 17025:2017 standard enables la-
boratories to demonstrate their expertise and produce accu-
rate and reliable results by using a superior method. The glo-
balapproach to biorisks is strategically used to high-
light its role as a cornerstone document for QMS.
Laboratories seek recognition of their competence
through compliance with this standard, demonstra-
ting their commitment to quality and safety (Dirnag|
et al. 2018; Ghernaout et al. 2018).

Integration of CEN Workshop Agreement (CWA)
15793:2011

In parallel, CEN Workshop Agreement (CWA)
15793:2011, notable for its emphasis on biosafety
and biosecurity, finds its place within the QMS. Glo-
bal approach to biorisks is employed to emphasize
its association with the accreditation process and its
specific focus on ethical provisions and technical as-
pects.

Ensuring Compliance

Within high-containment laboratories, compliance
with QMS is a critical factor in ensuring thesystema-
tic management of biorisks. The global approach to
biorisks is intentionally used to highlight that QMS
is designed to be adhered to comprehensively, with
clear procedures and guidelines in place to facilita-
te compliance. Continuous improvement is a core
principle of QMS in high-containment laboratories.
Global approach to biorisks is effectively used to
convey the iterative nature of improvement proces-
ses. These laboratories adhere to the Plan- Do-Che-
ck-Act (PDCA) principle, where each phase is rigo-
rously monitored and assessed. Establishing resour-
ce constraints before acting is an essential aspect of
QMS. Global approachto biorisks underscores the
need for meticulous planning and allocation of re-
sources (Gill and Jones 1997). Quality managers ser-
ve as facilitators, ensuring that QMS does not hinder
laboratory activities but instead enhances them. The
implementation of QMS in high- containment labo-
ratories is a dynamic process, evolving in response
to emerging biorisks and advancements in biologi-
cal research. This section provides insights into the
future prospects of QMS in high-containment labo-
ratories, emphasizing the need for adaptability and
integration with evolving international standards
and regulations. By delving into the development,
integration, and compliance aspects of QMS within
high-containment laboratories, this sectionaims to
underscore the critical role these management sys-
tems play in biorisk management and overall labo-
ratory safety. The global approach to biorisks effec-

tively conveys the structured and systematic nature
of QMS within this context (Audu et al. 2012; Chua
et al. 2013).

ISO 35001:2019 Standard

The ISO 35001 standard offers the principles of bi-
orisk management by applying ISO’s management
system approach through a constant improvement
model and accounting for the organization's con-
text, leadership, planning, support, operations, per-
formance evaluation, and improvement. Plan-Do-C-
heck-Act (PDCA) is a systematic approach to tra-
ck, adjust, and evaluate each principle’s progress
toward “continuous improvement of processes and
products.” Reducing workplace biosafety and biose-
curity risks is the primary goal of ISO 35001, as this
lowers the risk of infections linked to laboratories,
accidental releases, and other accidents (Callihan et
al. 2021).

Challenges and Complexities of
Quality Management Systems in High-
Containment Laboratories

In the intricate landscape of high-containment labo-
ratories, the development and sustenance ofQuality
Management Systems (QMS) pose formidable chal-
lenges and complexities. This section, approached
from an academic and global perspective on bioris-
ks, delves deeper into these multifaceted aspects,
unveiling the intricacies of managing biorisks within
such environments. One of the foremost challenges
in implementing QMS within high-containment la-
boratories is the inherent variability in regulatory
frameworks across different countries and regions.
While international guidelines exist, the interpretati-
on and enforcement of these guidelines often differ,
leading to ambiguity and inconsistencies in compli-
ance. Navigating thisregulatory maze requires a nu-
anced understanding of local, national, and interna-
tional regulations, demanding meticulous attention
to detail (Hauschild et al. 2021).

High-containment laboratories operate under
stringent resource constraints, both in terms of fi-
nancial investments and human capital. Developing
and maintaining a robust QMS necessitates subs-
tantial financial allocations for infrastructure, equip-
ment, and training. Moreover, the recruitment and
retention of highly skilled personnel proficient in
biorisk management can be a significant challenge,
given the specialized nature of the work. Balancing
these resource limitations while upholding QMS
standards remains an ongoing struggle. The ever-e-
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volving landscape of biorisks adds another layer
of complexity. Pathogens mutate, new infectious
agents emerge, and our understanding of potenti-
al hazards continually expands. High-containment
laboratories must adapt swiftly to these changes,
updating risk assessments,safety protocols, and tra-
ining regimens. This dynamic environment requires
a proactive approach to risk management, with the
flexibility to address unforeseen challenges (Gill and
Jones 1997; Dirnagl et al. 2018).

Cultural and ethical factors play a pivotal role in
shaping QMS within high-containment laboratories.
Different cultures perceive risk, safety, and accoun-
tability in distinct ways.Bridging these cultural gaps
and fostering a culture of safety and responsibility is
an ongoing endeavor. Moreover, ethical dilemmas,
such as dual-use research concerns, demand careful
deliberation and ethical frameworks that transcend
geographical boundaries. In an interconnected wor-
Id, where pathogens know no borders, global col-
laboration is imperative. High-containment labora-
tories must engage in international partnerships to
share best practices, harmonize standards, and col-
lectively address emerging threats. However, colla-
boration itself can introduce complexities related to
intellectual property, data sharing, and the equitab-
le distribution of benefits and responsibilities. While
technological advancements offer innovative solu-
tions for biorisk management, they also introduce
new challenges. Laboratories must continually in-
vest in state-of-the-art equipment and systems for
pathogen detection, containment, and surveillance.
Keeping pace with rapidly evolving technologies
demands not only financial investments but also the
agility to integrate new tools seamlessly into exis-
ting QMS (Trinchero et al. 2019; Moreira et al. 2021).

The education and training of personnel are at
the heart of effective QMS. Ensuring that scientists,
technicians, and support staff are well-versed in bi-
orisk management protocols is a perpetual under-
taking. Moreover, developing standardized training
programs that can beapplied globally, considering
linguistic and cultural diversity, is a formidable task.
In conclusion, the management of biorisks within
high-containment laboratories is a multifaceteden-
deavor, rife with challenges and complexities (Lee et
al. 2017). The global perspective presented in this
section underscores the need for harmonized re-
gulations, resource allocation, adaptability, cultural
sensitivity, international collaboration, technologi-
cal integration, and comprehensive education and
training. Overcoming these challenges is essential
to ensure the continued safety, security, and ethical

responsibility of high-containment laboratories on a
global scale (Ausher et al. 1996; Huang et al.2019).

Continuous Improvement and Future
Directions

Global approach to biorisks is employed to unders-
core the ongoing nature of improvement initiatives
within high-containment laboratories. These initia-
tives encompass iterative cycles of assessment, ac-
tion, and enhancement in the pursuit of enhanced
biosafety and biosecurity. The integration of advan-
ced technologies remains a pivotal aspect of future
directions (Bakanidze et al. 2010). Global approach
to biorisks emphasizes the need for laboratories to
adopt state-of- the-art instrumentation and digi-
tal systems, facilitating real-time monitoring, data
analysis, anddecision-making processes. The global
approach to biorisks highlights the significance of
intensified training and skill development programs.
Laboratories must prioritize continuous learning to
ensure that personnel remain well-versed in evol-
ving biosafety and biosecurity practices (Kimman et
al. 2008; Evans et al. 2020).

The importance of global collaboration and
knowledge sharing is accentuated through global
approach to biorisks. High-containment laborato-
ries must engage in collaborative networks to exc-
hange best practices, lessons learned, and emerging
strategies for biorisk management. Global appro-
ach to biorisks is aptly used to convey the ethical
responsibilities of laboratories. Laboratories should
engage in transparent and ethical practices while
actively participating in public engagement efforts
to foster understanding and trust. The global appro-
ach to biorisks emphasizes the need for regulatory
alignment and harmonization at national, regional,
and international levels. Laboratories should actively
contribute to efforts aimed at standardizing biosa-
fety and biosecurity regulations. The global appro-
ach to biorisks effectively underscores the labora-
tory’s need to bolster resilience and preparedness
for unforeseen biological threats. Laboratories must
remain vigilant, adapt to changing circumstances,
and develop robust contingency plans (Kimman et
al. 2008; Bakanidze et al. 2010).

The global approach to biorisks effectively con-
veys the importance of ethical responsibility and
public engagement. Laboratories must adhere to
ethical principles and actively engage with thepublic
to promote transparency and societal safety. Global
approach to biorisks construction is well-suited to
discuss emerging threats and anticipatory measu-

Etlik Vet Mikrobiyol Derg,

https://vetkontrol.tarimorman.gov.tr/merkez

Cilt 35, Sayt 1, 2024, 105-112



Altintas F and Koluman A. Enhancing biosafety and biosecurity 111

res. Laboratories must proactively anticipate poten-
tial risks, conduct scenario planning, and implement
preemptive measures to safeguard against novel
biological threats. In conclusion, the necessity of
continuous improvement and outlines future direc-
tions for high-containment laboratories in therealm
of biorisk management. Global approach to biorisks
construction effectively conveys the ongoing natu-
re of improvement efforts and the proactive stance
laboratories must adopt to navigate evolving chal-
lenges and opportunities (Zaki 2010; Moritz et al.
2020).

Conclusion

In conclusion, this paper has delved into the intri-
cate domain of Quality Management in High-Con-
tainment Laboratories concerning Biorisks, emplo-
ying a global approach to biorisks to emphasize the
gravity of biorisk management within these specia-
lized facilities. Through an exploration of the global
approach to biorisks, this paper underscored the
essential elements ofa robust quality management
system (QMS), commencing with the establishment
of a QMS framework and followed by the meticu-
lous identification, assessment, and mitigation of
biorisks. The discussion illuminated the significance
of standardized international guidelines, such as ISO
35001: Biorisk Management for Laboratories, and
their potential to provide a comprehensive founda-
tion for laboratory biosafety and biosecurity. Global
approach to biorisksusage throughout this section
served to accentuate the critical role played by labo-
ratory leadership in fostering a culture of biosafety,
instigating commitment, and furnishing adequate
resources to drive continual improvement. More-
over, the adoption of a global approach effectively
conveyed the ongoing necessity for unwavering vi-
gilance amid continually evolvingbiological threats,
underscoring the laboratories’ essential need for
adaptability and resilience. The section concluded
by looking ahead to prospects, emphasizing the cri-
tical importance of a global approach, integration
of cutting-edge technologies, ethical responsibility,
and proactive measures to anticipate emerging th-
reats.

Throughout this paper, the global risk appro-
ach has added depth and gravity to the discussion
regarding biorisk management in high-containment
laboratories, reinforcing the core tenets of biosafety
and biosecurity. The future trajectory of high-conta-
inment laboratories hinges on their steadfast com-
mitment to quality management, thereby ensuring
the safety of personnel, communities, and the envi-

ronment, all while pushing the boundaries of scien-
tific knowledge.
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