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Isolation of Staphylococci from Food Handlers and Investigation of
Their Enterotoxigenicity and Susceptibility to Some Antibiotics
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Makale Kodu (Article Code): KVFD-2009-744

Summary

A total of 92 isolates of staphylococcal species consisting of 7 coagulase positive staphylococci (CPS) and 85 coagulase
negative staphylococci (CNS) were isolated from hands of the 25 food handlers in different restaurants. Similarly, 13 coagulase
positive staphylococci and 96 coagulase negative staphylococci isolates were cultured from the nasal cavity of the workers. Only
one isolate of all the hand isolates was resistant to Vancomycin. Nine of all the coagulase negative staphylococci isolate
including 4 hand and 5 nasal cavity samples were resistant to Methicillin. Four of 20 coagulase positive staphylococci isolate
produced staphylococcal enterotoxins (SE). Only one hand isolate of all the coagulase negative staphylococci isolates produced
staphylococcal enterotoxins E. These results indicate, like before, that the food handlers would have been the main source of
the staphylococcal contamination of food. It is important to note that coagulase negative staphylococci can produce
staphylococcal enterotoxins and they can also cause to food poisoning.

Keywords: Food handlers, Staphylococci, Enterotoxin, Antibiotic susceptibility

Gida Calisanlarindan izole edilen Stafilokoklarin
Enterotoksijenitelerinin ve Bazi Antibiyotiklere Duyarliliklarinin
Aragtirilmasi

Ozet

Farkli restoranlarda calisan 25 gida personelinin ellerinden, 85 koagulaz negatif stafilokok (KNS), 7 koagulaz pozitif
stafilokok (KPS) olmak iizere 92 adet stafilokok izolati elde edilmistir. iscilerin burun deliklerinden 13 koagulaz pozitif stafilokok
ve 96 koagulaz negatif stafilokok izolat1 killtire edilmigstir. El izolatlarindan bir tanesinin Vancomycin’e, 4t el, 5'i de burun
ornekleri olmak Uzere toplam 9 koagulaz negatif stafilokok'un Methicillin’e direncli oldugu saptanmustir. Yirmi koagulaz pozitif
stafilokok izolatindan 4’Unin stafilokokkal enterotoksin (SE), ellerden izole edilen koagulaz negatif stafilokok'lardan 1'inin de
stafilokokkal enterotoksin E Urettigi gézlenmistir. Ulasilan bulgular, gida ¢alisanlarinin gidalarin kontaminasyonunda énemli bir
kaynak olusturabilecegini birkere daha dogrulamistir. Ayrica koagulaz negatif stafilokok izolatlarinin da stafilokokkal
enterotoksin Uretebilecegi ve dolayisiyla gida zehirlenmesi olugturabilecegi, énemli bir veri olarak belirlenmistir.

Anahtar sézclikler: Gida Calisanlari, Stafilokoklar, Enterotoksin, Antibiyotik duyarliligi

INTRODUCTION

Staphylococcal food poisoning is caused by the is characterized by sudden onset of symptomes, including;
ingestion of foods containing enterotoxins produced by nausea, vomiting, abdominal cramps, and diarrhea
some species of staphylococci *2. It is one of the most  within 1 to 6 h after ingestion of toxin-contaminated
economically important diseases in the United States, foods. The duration is short, generally lasting from 24 to
costing approximately $1.5 billion each year ®. The disease 48 h and complete recovery usually occurs within 1 to 3
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Isolation of Staphylococci from...

days. Staphylococcal food poisoning is generally
considered a mild, self-limited illness with low mortality
rate. However, the hospitalization rate has been reported
to be as high as 10% *. The diagnosis of this food-borne
illness is based primarily on recovering enterotoxigenic
staphylococci and enterotoxins from leftover foods.

Staphylococci are widespread in nature. They can be
found in the air, in dust, in water, and on humans and
animals. The main human reservoirs of these organisms
are the skin and nasal cavity °. About 40 to 44% of healthy
humans carry staphylococci in the nose °. Strains present
in the nose often contaminate the back of hands, fingers
and face and so, nasal carriers can easily become skin
carriers. Although it is difficult to determine the origin of
the strains involved in staphylococcal food poisoning
outbreaks, food handlers are usually regarded as one of
the primary source of these organisms 7%, It has been
reported that, one of the important pathogens often
transmitted via food contaminated by infected food
handlers is Staphylococcus aureus °. For many years, S.
aureus was the only staphylococcal species known to
produce enterotoxins *. An important characteristic that
differentiates S. aureus from most staphylococcal species
is its ability to produce coagulase, an enzyme that clots
blood plasma. Other coagulase - positive species such as
S. hyicus * and S. intermedius ** have been also identified.
These and several coagulase - negative species including
S. epidermidis > and S. xylosus *** have been shown to
produce low levels of enterotoxins. Among them, S.
epidermidis and S. intermedius were reported to be the
causative agents in food-borne outbreaks > Therefore,
while a high correlation between coagulase production
and enterotoxigenicity has been reported *****, the ability
to produce coagulase should not be considered the only
indication for enterotoxin production. Although several
staphylococcal species have been implicated in food -
poisoning incidents, S. aureus remains as the predominant
species.

The purpose of the present study was to determine
whether the food handlers from different restaurants
carried coagulase positive and negative staphylococci
in their nasal cavity and hands. It was also aimed to
investigate enterotoxigenicity and resistance of the
isolates to some antibiotics.

MATERIAL and METHODS

Sample Collection

Samples from the nasal cavity and hands of the 25
food handlers working 5 different restaurants were
obtained using sterile swabs which moistured using

sterile saline (0.9% NaCl) solution. Samples were taken
only ones during May.

Isolation of Staphylococci from Food Hhandlers

One swab was used to swab areas in between fingers
and the wrist area of the hand and another swab was
used to swab the nasal cavity. Each swab collected from
the nasal cavity and hands was streaked on Baird Parker
Agar (BP, Merck 1.05406.0500 + egg yolk-telluride
emulsion, Merck 1.03785.0100) plates and incubated at
37°C for 48 h. Total of five colonies, two typical colonies
of S. aureus are black, shiny, convex and surrounded by
clear zones of approximately 2- 5 mm and three coagulase
negative staphylococci are black, shiny colonies but
clear zones are absent were selected. Five colonies were
transferred in to tubes containing 5 ml of Brain Heart
Infusion Broth (BHI, Oxoid CM375). The tubes were
incubated at 37°C for 24 h and transferred to BP agar
incubated at 37°C for 48 h. Then were transferred to
Nutrient Agar slants (NA, Oxoid CM3) (stock culture) for
further testing.

Identification of Isolated Colonies

Each colony was transferred from Nutrient Agar to
two separate test tubes containing 1 ml of BHI broth
and incubated at 37°C for 24 h. Catalase and tube
coagulase tests were carried out. Gram stain and
staphytect plus test, latex slide agglutination test (Oxoid
DR 850 B), were also performed.

Tube coagulase and staphytect plus test negative,
catalase positive, gram positive coccal isolates were
further analysed to differentiate between coagulase
negative staphylococci (CNS) and micrococci isolates.
For this purpose, glucose fermentation (GF), acid
production from glycerol (GA) and response to
Furazolidone and Bacitracin antibiotics were used.
Glucose fermentation and GA was determined by the
method described by Baker ¥. Susceptibility to a 100ug
Furazolidone disk (Oxoid CT0448B) and 10 units
Bacitracin (Oxoid CTO005B) were determined using the
standardized CLSI 2006 disc diffusion method *. The
method was performed using Mueller Hinton Agar
(Oxoid CM0337) with 5% defibrinated sheep blood which
is prepared in the lab. Zone sizes at growth inhibition
were measured in millimeters after 24 h of incubation at
37°C.

Susceptibility of Identified Colonies
to Some Antibiotics

Susceptibility to antibiotics was tested by the disc
diffusion method as described above with Mueller
Hinton Agar. The following antibiotic discs were used;



Erythromycin (15 pg, Oxoid CT0020B), Gentamycin (10
ug, Oxoid CT0024B), Methicillin (5 pg, Oxoid CT0029B),
Tetracycline (30 pg, Oxoid CT0054B) and Vancomycin (30
ug, Oxoid CTO058B). The plates were incubated at 37°C
for 24 h. Zone size at growth inhibition were measured
and determined according to Giir *.

Enterotoxin Testing

All the CPS isolates and selected CNS isolates from
hands and nasal cavity swabs were analysed for detecting
staphylococcal enterotoxins. Selected colonies were
inoculated 5 ml of BHI broth and incubated at 37°C
for 24 h. and then centrifuged for 15 min at 5.000 g.
Supernatant of culture extracts were filtered using sterile
filter (0.2 um, Sartorius CE-0297). A 100 pl of filtrate
from each culture extracts were used staphylococcal
enterotoxin analysis. Staphylococcal enterotoxins were
detected by the sandwich enzyme immunoassay test kit
RIDASCREEN SET A, B, C, D, E (R-Biopharm AG, D-64293,
Germany). The test was performed by following the
manufacturer’s instructions.

RESULTS

A total of 250 isolates, 125 isolates from hands and
125 isolates from nasal cavity swabs, were examined.
The 20 isolates were identified as CPS including 13
(10.4%) isolates from the nasal cavity and 7 (5.6%)
isolates from the hands of workers. The CPS isolates
were found to be egg yolk reaction positive except 3
isolates (2 isolates from nasal, one isolate from hand
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samples). 96 (76.8%) of 125 isolates from nasal swabs
and 85 (72.8%) of 125 isolates from hand swabs were
identified as CNS.

Resistance to different antimicrobial agents was
detected in all CPS and CNS isolates. Five isolates
(5.21%) were resistant to Methicillin, 27 (28.42%) to
Erythromycin, 34 (36.17%) to Tetracycline and one
isolate expressed medium level resistance to
Vancomycin and Gentamicin. The results of antibacterial
susceptibility of nasal CNS were shown in Table 1.

The results of antibacterial susceptibility of hand CNS
isolates were shown in Table 2. While 4.70% isolates
were resistant to Methicillin, 1.19% to Vancomycin,
33.33% to Erythromycin and 29.11% to Tetracycline,
3.53% isolates showed medium resistance to Methicillin,
2.38% to Vancomycin.

All the nasal and hand CPS isolates were found to be
susceptible to Methicillin, Vancomycin and Gentamicin.
One nasal CPS isolate and two hand CPS isolates were
found to be resistant to Erythromycin and Tetracycline.

All the CPS (n:20) isolates and 52 (28.73%) of 181 CNS
isolates from hands and nasal cavity swabs were
analysed for detecting staphylococcal enterotoxins. Only
one CNS isolate from hand swabs produced SEE.
However, 4 CPS isolates 2 from nasal cavity and 2 from
hand swabs, produced SE. One isolate from nasal cavity
swabs produced SEA, SEC, SED and SEE. One isolate
from hand swabs produced SEE and others produced
SEC. None of them produced SEB.

Table 1. Antibacterial susceptibility of nasal CNS isolates

Tablo 1. Nasal KNS izolatlarinin antibakteriyel duyarliligt

Antibiotics Numbers of Susceptible Resistant Medium Resistant
Isolates (%) (%) (%)

Methicillin 96 87 (90.63) 5(5.21) 4 (4.16)
Vancomycin 96 95 (98.96) 0 1(1.04)
Gentamicin 95 94 (98.95) 0 1(1.05)
Erythromycin 95 68 (71.58) 27 (28.42) 0
Tetracycline 94 59 (62.77) 34 (36.17) 1.(1.06)
Table 2. Antibacterial susceptibility of hand CNS isolates
Tablo 2. El KNS izolatlarinin antibakteriyel duyarliligt

A Numbers of . o Resistant Medium Resistant
Antibiotics Isolates Susceptible (%) (%) (%)
Methicillin 85 75 (91.77) 4 (4.70) 3(3.53)
Vancomycin 84 81 (96.43) 1(1.19) 2 (2.38)
Gentamicin 83 82 (98.8) 0 1(1.2)
Erythromycin 84 55 (65.48) 28 (33.33) 1(1.19)
Tetracycline 79 55 (69.63) 23 (29.11) 1(1.26)
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DISCUSSION

In recent years, much attention has been given to food
production, processing, packaging, transportation and
storage. Therefore when foods are not produced and
stored in proper conditions and or if any kind of damage
occurs, they may be contaminated with infectious or
toxigenic microorganisms, thus becoming a source of
iliness for humans. One aspect in the investigations of
food poisoning outbreaks is to determine how the
implicated food becomes contaminated. It is recognized
that food handlers are the major source of contamination
with staphylococci. High frequency of carrier status among
food handlers has been identified by several investigators
and many investigation studies conducted on staphylococci
carrier status in humans in many countries **, showed
that 30 to 50% of them were carriers at any given time.
Pereira et al.”® examined 55 healthy food handlers in a
large industrial kitchen in Belo Horizonte (Brazil) and found
that 32 (58.2%) were carriers of S. aureus and 17 (30.9%)
carried enterotoxigenic strains in their nasal cavity, throat
and under fingernails. In the present study, 20 of 25 food
handlers were found to be colonized by staphylococci.

In a study conducted by Udo et al.?, the researchers
found that 81.61% CNS from hand and only 7% CNS
from the nasal cavity of the same workers. Francisco
Polledo et al.*® also found that CNS constituted 39.3%
and CPS 27.6% of the nasal flora of food handlers. Our
results from hands were similar to Udo et al.?® with
72.8% CNS while results of nasal cavity (76.8% CNS) of
the same restaurant workers was higher than Udo et
al.”® and Francisco Polledo et al.**. Differences from
results may reflect differences in different populations
living in different geographical regions as mentioned by
Udo et al.”. At the same time, workers work in different
foods so it is possible that, they introduce a lot of flora
to their fauna of microorganisms from these foods.

Udo et al.?*® found that all CNS isolates (n: 155) were
susceptible to Vancomycin, Gentamicin, Streptomycin.
In our study one (1.19%) hand isolate were resistant to
Vancomycin while two (2.38%) isolates were shown
medium resistance to Vancomycin. However, all the CPS
isolates were found to be susceptible to Vancomycine.
Ligozzi et al.”’ was conducted a study to evaluate the
VITEK 2 system for identification and antimicrobial
susceptibility testing of medically relevant gram positive
cocci and they used 100 clinical isolates of CNS. Their
results also showed that all CNS isolates were susceptible
to Vancomycin. Similarly to results of Udo et al.?, our
results also showed that the incidence of antibiotic
resistance was lower than that obtained from the skin
flora of hospitalized patient and clinical speciment .

Investigation of SE production from food served in
restaurants was shown that five different SE can be
detected from those foods and these SE are SEA, SEB,
SEC, SED and SEE *. It is important to know source and
distribution of these enterotoxigenic staphylococci to
protect from food poisoning. Francisco-Polledo et al.*
investigated 201 staphylococci isolates from food
workers’ nasal cavity for production of enterotoxins.
They found that 36 CPS strains produced enterotoxins
and distribution of enterotoxins were SEA (12 isolates),
SEB (8 isolates), SEC (7 isolates), SED (2 isolates), SEE (2
isolates), SEA + SED (4 isolates) and SEB+SEC (one
isolate). In their study, none of the coagulase negative
isolates produced enterotoxin. In another study, 207
isolates of S. aureus from nasal cavity of restaurant
workers were investigated for staphylococcal enterotoxin
production and found that 55 isolate produced SE. They
found that 18 strains produced SEA, 14 strains produced
SEC, 13 strains produced SED and 9 strains produced
SEB and SEE *. Udo et al.* also found that 8% of the
CNS (including one nasal isolate) and 12.5% of S. aureus
from the hands of the food handlers produced one or
combination of staphylococcal enterotoxins. In the present
study only one hand isolate (1.9%) of 52 CNS isolates
and four (2 hand, 2 nasal cavity) isolates (20%) of 20 CPS
was produced staphylococcal enterotoxin.

Despite the fact that only one of the CNS produced
SE, its detection was significant because it confirms that
CNS from different sources can produce SE %,

The search for food borne pathogenic microorganisms
is @ common practice at the Public Health Laboratory,
but examination for food handlers is sometimes neglected
during the investigation of an outbreak. Food handlers
must be considered a potential source of enterotoxigenic
staphylococci, and the identification of the enterotoxin
produced by strains isolated from both food handler and
incriminated food will help trace the agent's profile.
Although in some countries individuals colonized with
staphylococci are not allowed to handle food, this is not
a practical solution to the problem, because it is difficult
to control. The best solution is the proper training of
food handlers in order to prevent the contamination
of vulnerable foods, and to instruct them on the need
of proper storage of such foods. It is recommended
that three approaches to reduce the incidence of food
borne disease attributed to food handlers can be
used: conducting training and education programs,
implementing a Hazard Analysis and Critical Control
Points system, and supporting certification of food
service manager °. In conclusion it is important to know
that CNS can also be cause of staphylococcal food
poisoning along with S. aureus and food handlers could



be contaminate the food easily, if the food not handle
carefully.
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Summary

The polychlorinated dibenzo-p-dioxins (PCDDs), polyclorinated dibenzofurans (PCDFs) and dioxin-like polychlorinated
biphenyles (PCBs) residues in beef and chicken samples obtained from the different cities of Turkey were investigated. For this
purpose, 120 beef and 120 chicken samples collected from different regions of Turkey between February 2006 and May 2008
and analyzed for dioxin and dioxin like compounds. The results showed that the mean levels of PCDD/Fs in lower bound of toxic
equivalent concentrations (TEQ) were 2.83 and 3.17 pg TEQ/g fat for beef and chicken, respectively and in upper bound were
3.45 and 4.21 pg TEQ/g fat for beef and chicken, respectively. PCDDs were more dominant congeners according to PCDFs in
both beef and chicken. Furthermore, the concentration of PCB congeners in lower bound were found 0.0108 and 0.0085 pg
TEQ/g fat in order of beef and chicken, respectively and in upper bound were determined 0.0572 and 0.0595 pg TEQ/ g fat in
beef and chicken, respectively. According to the obtained findings, on a lipid basis, levels of dioxins in beef and chicken were
slightly higher than other countries and World Health Organization (WHO) limits. However, mean values of PCBs were lower
than the other countries at all samples. In conclusion, the findings of this study showed that the TEQ levels of PCDD/Fs are
slightly higher in beef and chicken samples consumed in Turkey and long-term consumption of these foods may cause health
risk for human and animals.

Keywords: Dioxin, PCDD/Fs, PCBs, Beef meat, Chicken meat

Tiirkiye'de Tiiketilen Kirmiz1 Et ile Tavuk Eti Orneklerinde Dioksin ve
Dioksin Benzeri Bilesik Duizeylerinin Belirlenmesi

Ozet

Yapilan bu calismada, Tirkiye'nin degisik bolgelerinden toplanan tavuk eti ve kirmizi etlerde Poliklorludibenzo-p-dioksin
(PCDD), Poliklorludibenzo furan (PCDF) ve dioksin benzeri bilesikler olan Poliklorlubifenil (PCB) bilesik dizeyleri aragtirildi. Bu
amacla, Subat 2006 ile Mayis 2008 tarihleri arasinda Turkiye'nin degisik illerinden toplanan 120’ser adet tavuk eti ve kirmizi et
numunesinde dioksin ve benzeri bilesiklerin kalinti dizeyleri tespit edildi. Analizler sonucunda, PCDD/F bilesiklerinin toksik
esdeger konsantrasyonlari (TEQ) icin alt sinirin kirmizi et ve tavuk etinde sirasi ile 2.83 ve 3.17 pg TEQ/g yag, ayni degerin ust
sinirinin ise yine sirast ile 3.45 ve 4.21 pg TEQ/g yag oldugu belirlendi. Ayrica PCDD bilesiklerinin miktar olarak PCDF bilesiklerine
gére daha yiksek diizeyde oldugu saptandi. Buna ilaveten, PCB bilesiklerinin alt sinir diizeyleri kirmizi et ve tavuk etinde
sirastyla 0.0108 ve 0.0085 pg TEQ/g yag iken, Ust sinir degeri yine sirasiyla 0.0572 ve 0.0595 pg TEQ/ g yag oldugu belirlendi.
Elde edilen bulgular 1g1ginda, yag dokusu bazinda, Ulkemizde tiiketilen kirmizi et ve tavuk etindeki PCDD/F bilesik duzeylerinin
diger tilkeler ve Diinya Saglik Orgiitiinin (WHO) belirledigi limitlere gére cok az miktarda yiiksek oldugu bununla birlikte, PCB
bilesik diizeylerinin ise daha dusuk oldugu tespit edildi. Sonug olarak, Tirkiye'de tiiketilen kirmizi et ve tavuk etinde PCDD ve
PCDF'lerin toksik esdeder konsantrasyonlarinin az miktarda yiksek oldugu ve bu gidalarin uzun sureli tiketiminde insan ve
hayvan saglidi acisindan risk olusturabilecegini goéstermektedir.

Anahtar sozciikler: Dioksin, PCDD, PCDF, PCB, Kirmizi et, Tavuk eti
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INTRODUCTION

Dioxins, which included polychlorinated dibenzo-p-
dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs)
and dioxin-like polychlorinated biphenyls (PCBs) are
highly toxic chemicals and occur as widespread, low-
level in animal feeds, human foods and environment 2.
The hydrophobic properties of these compounds cause
their accumulation in the fatty content of food products
®. The consumption of animal fats is the primary
pathway for human exposure **. These compounds can
induce various toxic responses including immuno-
toxicity, carcinogenicity, and adverse effects on
reproduction, development, and endocrine functions .
Dioxins caused significant food safety crises in 1996 in
United States and Europe. The Belgian crises in 1999 is
one of them, involved mineral oil containing high
PCDD/F levels as a contaminant for poultry feed 2. These
incidents showed that the monitoring of dioxin
concomitants in foodstuffs is required for human and
animal health. For this reason, the toxicity and pollution
risks of dioxin compounds have been investigated for 20
years in the world. However, there is no investigation
about PCDD/Fs and PCBs levels in foods till now in
Turkey.

The objective of this study is to determine the some
dioxin and dioxin-like polychlorinated biphenyls
compounds levels in beef and chicken samples consumed
in Turkey between February 2006 and May 2008 and to
compare these levels with international standards. This
paper is also the first study about the residue levels of
dioxin and dioxin-like compounds animal originated
foods, chicken and beef meat, consumed in Turkey.

MATERIAL and METHODS

Sampling

Samples of beef and chicken were randomly
purchased from the local market from thirteen major
cities of Turkey (Ankara, Istanbul, Afyon, Kayseri,
Gaziantep, Van, Konya, Bursa, Sanhurfa, Elazig, Hatay,
Adapazari, Izmit). The samples were stored at -20°C in
the dark and extracted within 30 days. Every year, 40
beef and 40 chicken samples were bought from
markets. Finally, we used 240 individual food samples in
the 3 years for this investigation.

Materials

All chemicals and silica gel, type 60, 70/230 mesh
were analytical grade for dioxin analyses and purchased
from Merck (Germany). PCDDs, PCDFs and dioxin-like

PCBs standards were bought from AccuStandard (New
Haven, USA). *Ci2- labeled standards were obtained
from Wellington Laboratories (Canada).

Extraction

The extraction was done according to modified
method 8290 and 1613 of United States Environment
Protection Agency (USEPA) °. A 20 g homogenized sample
mixed with anhydrous sodium sulfate was spiked with **Ci2
- labeled standards (100 pl of 4 ng/ml), allowed to dry and
then extracted for 16 h using methylene chloride: hexane
(2:1) in a soxhalet extractor. The solvent was evaporated
and the lipid content was determined gravimetrically.

The lipid residue was dissolved in toluene and the
mixture was placed onto an acidic silica column. The
column was prepared with a glass wool plug, 20 ml
toluene and 1 g silica gel and then 4 g of 40% (w/w)
sulfuric acid-impregnated silica gel was added. This
column was washed twice with toluene and refluxed
with toluene for 30 min. Finally, the eluate was evaporated
to dryness and redissolved in toluene containing
injection standards.

Analyses

Ten PCDD/Fs and three PCBs congeners were analyzed
by PTV-LV-GC/MS, GC (Schimadzu QP 2010 plus) coupled
with a Plus Mass Spectrometer operating the EI mode
70 eV and with a resolution of 10.000. The capillary
column was a TRB5 MS capillary column (60 m x 0.32
mm 1.D., 0.25 um film thickness, Teknokroma S. Coop. C.
Ltda, Barcelona, Spain) connected to a BEST PTV injector
and PTV-LV 2.75x2TRC for PCDD/Fs and PCBs
verification. The oven temperature was maintained at
100°C for 6 min, ramped at 52°C min™ to 200°C; ramped
at 2.9°C min™ to 250°C for 6 min; ramped at 2.9°C min™
to 260°C and finally ramped at 10°C min™ to 300°C for 5
min. The equipment conditions were designed for Eppe
et al. *°. During the analysis the injection volumes were
increased from 1 pl to 4 pl with the PTV-LV inlet. At the
result, analytical sensitivity is greatly enhanced for
analysis of samples.

Calculations

The TEQ values of PCDD/Fs and PCBs were calculated
using the toxic equivalent factor (TEFs) according to
World Health Organization *. The data below the
detection limit (LOD) were calculated as lower, and
upper bound levels, assuming that all levels of the
different congeners were equal to zero or equal to their
LOD, respectively. The recovery always ranged from 60%
to 120%.



RESULTS

The metabolism and lifetime of an animal might affect
the amount of residue and congener patterns of dioxin
compounds in meat tissues. Totally, 240 beef and chicken
samples were analyzed for PCDDs, PCDFs and non-ortho
dioxin-like PCBs in this study. The minimum, maximum
and mean concentration values for individual congeners
and the fat content are showed in Table 1, the sum of all
congeners are also included.

The results indicated that the concentrations of
PCDDs were higher than PCDFs in beef and chicken
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samples. The highest PCDD/Fs levels were found in
chicken samples. These levels were raised depending on
the presence of 2,3,7,8 TCDD and 1,2,3,4,7,8 HxCDD.
However, The Congeners 1,2,3,4,6,7,8 HpCDD,
1,2,3,4,6,7,8 HpCDF and 1,2,3,4,7,8,9 HpCDF were not
determined in beef and chicken samples consumed in
Turkey. The average lower and upper bound WHO-TEQ
values for PCDD/Fs and non-ortho PCBs are given in
Table 2. The TEFs recommended by the World Health
Organization (WHO) in 1998 were used to calculate the
toxicological concentration as TEQ. The Congeners
2,3,7,8-TCDD and 1,2,3,7,8-PeCDD with the highest toxic
equivalent factors (TEFs) values were determined in

Table 1. Mean, minimum and maximum concentration values of PCDD, PCDFs and PCBs (pg/g fat) in the samples

beef and chicken consumed in Turkey

Tablo 1. Tiirkiyede tiiketilen kirmizt et ve tavuk etinde PCDD, PCDF ve PCB bilesik kalintt diizeylerinin ortalama,

minimum ve maksimum konsantrasyonlart. (pg/g yag)

Beef (n = 120)

Percent Fat (%) 4.96

Chicken (n = 120)
Percent Fat (%) 16.3

Congeners

Min Max Mean Min Max Mean
PCDDs
2,3,7,8 TCDD 043 3.16 1.56 0.93 45 2.10
1,2,3,7,8 PeCDD 0.12 223 0.92 0.16 32 1.0
1,2,3,4,7,8 HxCDD 0.40 3.80 217 043 3.10 142
1,2,3,6,7,8 HxCDD 0.20 2.70 1.40 0.32 2.82 1.28
1,2,3,7,8,9 HxCDD 0.25 2.45 1.10 0.25 212 0.95
1,2,3,4,6,7,8 HpCDD nd nd nd nd nd nd
OCDD 143 5.10 3.65 2.85 9.05 5.01
Sum PCDD 2.83 19.44 11.1 4.94 26.79 11.76
PCDFs
2,3,7,8 TCDF 0.09 1.02 0.20 0.11 112 0.30
1,2,3,7,8 PeCDF 0.20 270 1.00 0.40 2.5 12
2,3,4,7,8-PeCDF 0.11 1.24 0.20 0.14 1.38 0.21
1,2,3,4,7,8 HxCDF 0,04 1.04 0.14 0.10 1.20 0.24
1,2,3,6,7,8 HxCDF 0.05 0.95 0.12 0.15 1.25 0.21
1,2,3,7,8,9 HxCDF 0.03 0.90 0.11 0.09 0.98 0.15
2,3,4,6,7,8 HxCDF 0.04 0.84 0.07 0.07 0.90 0.10
1,2,3,4,6,7,8 HpCDF nd nd nd nd nd nd
1,2,3,4,7,89 HpCDF nd nd nd nd nd nd
OCDF 1.05 4.86 222 1.15 5.24 311
Sum PCDF 1.61 13.55 4.06 2.21 14.57 5.52
Sum of PCDD/Fs 4.44 32.99 15.16 7.15 41.36 17.28
Non-ortho PCBs
3,3'4,4'TCB 0.6 2.1 131 0.9 41 1.98
3,4,4'5TCB 0.7 2.8 1.20 0.9 33 142
3,3'4,4',5PeCB 0.01 0.34 0.09 0.03 041 0.11
3,3'4,4'5,5 HxCB 0.9 6.8 2.52 11 7.1 2.38
2,334,455 HpCB 15 7.4 446 0.9 83 3.42
Sum PCB 3.71 19.44 9.58 3.83 23.21 9.31

n = number of samples; nd = not detected
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both beef and chicken samples. The TEQ levels of
PCDD/Fs increased depending on the high TEF values of
2,3,7,8-TCDD and 1,2,3,7,8-PeCDD congeners. The
congener profiles of TEQ levels are showed in Fig. 1.

Table 2. Lower and upper bound concentrations of PCDD/Fs
and PCBs in beef and chicken samples (pg TEQ/g fat)

Tablo 2. Kirmuzi et ve tavuk eti 6rneklerinde PCDD, PCDF ve
PCB bilesiklerinin toksik esdeger konsantrasyon olarak alt ve
ust stnurt (pg TEQ/g yag)

The toxicity of the individual congeners may vary orders
of magnitude. The TEQ concept has been developed to
facilitate risk assessment and regulatory control *'.

There is no investigation about the concentrations of
PCDDs, PCDFs and PCBs in food, water, animals, soil and
air in Turkey. However, there is only a study about
measurement of dioxin compounds in the soil and air of
Kocaeli, a city of Turkey. Bakoglu and coworkers *
reported that PCDD/Fs concentrations in surface soils

PCDD/Fs pg TEQ/g PCBs TEQ pg TEQ/gFat  were between 0.4 and 4.27 pg TEQ/kg. Besides, the
Sample | o, Upper Lower Upper concentrations of these toxic compognds in am.b|ent air
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DISCUSSION from different sources and diffuse to the ground then

The exposure of human to PCDDs, PCDFs and PCBs
occur through environmental, and accidental and
occupational contamination. Over 90 percent of human
exposure is determined to occur through the diet
from animal origin. The sources of PCDD and PCDF
contamination of animal foods are contaminated feed
for animals, chicken and farmed fish, improper of
sewage sludge, garden composts flooding of pastures
and certain types of food processing **. Toxic equivalent
(TEQ) measures all toxic dioxins, furans and PCBs in
terms of the most toxic form of dioxin, 2,3,7,8-TCDD.

directly transferred to animals through inhalation and
indirectly taken through crops by animals *. The fats and
proteins obtained from these animals contain PCDD/Fs
residues are also used as feed. The consumption of
these contaminated feed by animals cause accumulation
of dioxin compounds in the body of animals. However,
the investigation of the sources of dioxin contaminations
is a very complex subject because Turkey is importing
60% of consumed feed and their additives.

It was reported that the values of PCDD/Fs TEQ were
between 0.89 and 2.26 pg/g fat for beef and were



between 1.36 and 8.92 pg/g fat for chicken. Additionally,
non- ortho PCB TEQ levels ranging from 0.15 to 0.44
pg/g fat for beef and were between 0.56 and 3.74 pg/g
fat for poultry V. Guruge et al.®. suggested that the
concentrations of PCDD/FS in the fat of chicken samples
in Japan were 1.71 pg TEQ/g lipid. Besides, Kim et al.*
reported that the mean values of PCDD/Fs in upper
bound were 0.21 and 0.04 pg WHO TEQ/g fat for beef
and chicken in South Korea. The findings of this study
revealed that the mean values of PCDD/Fs in lower
bound were 2.83 and 3.45 pg WHO- TEQ/g fat for beef
and chicken, respectively. Additionally, the same values
in upper bound were 3.17 and 4.21 pg WHO- TEQ/g fat
for beef and chicken, respectively (Table 2). It is very
difficult the comparison of the levels of PCDD/Fs and
PCBs with reported concentrations in the other countries.
Because all samples were obtained from livestock had
different environmental conditions and feed regime.
Although, in this study, PCDD/Fs concentrations of beef
and chicken samples were higher than the levels in
Japan and South Korea, these values were similar levels
reported in European countries (PCDD/Fs TEQ 3-4.5
pg/g fat for beef) .

The human and animals receives its major exposure
to PCDD/Fs through the intake food. The findings of this
study showed that the levels of PCDD/Fs TEQ are high in
beef and chicken samples consumed in Turkey. For this
reason, the consumption of these foods for a long time
can cause health risks in human. To avoid dioxin
contamination, the dioxin residues in food, air, soil and
other environmental factors could be monitored in
Turkey and continuous efforts are required to identify
and decrease the sources of PCDD/Fs and PCBs release
into the food chain.
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Summary

Thirty six samples of raw cows’ milk, 50 samples of milk products (25 samples each of fresh white cheese and Kashar
cheese), and 50 samples of dehulled hazelnut were randomly collected from the Samsun province of Turkey. The dairy
products and hazelnut samples were analyzed for the presence of aflatoxin M1 (AFM1) and aflatoxin B1 (AFB1), respectively,
by microtiter-plate enzyme-linked immunosorbent assay (ELISA). The incidence of AFM1 contamination in the samples of raw
cow milk, fresh white cheese and Kashar cheese were 61%, 12%, and 80%, respectively. AFB1 contamination was detected in
43 (86%) of the dehulled hazelnut samples (ranging from less than 1 to 11.3 pg kg'). The AFM1 levels determined in the
samples of milk and dairy products were lower than the limit set by the Turkish Food Codex and European Union, whereas the
AFB1 levels of two dehulled hazelnut samples exceeded the legal limit.

Keywords: Aflatoxin, Milk, Dairy products, Dehulled hazelnut, ELISA, Samsun

Samsun Cevresinde Tiketime Sunulan Cig Sut, Peynir ve Findik
Orneklerinde Aflatoksin Seviyelerinin Belirlenmesi

Ozet

Otuz alt1 adet ¢ig inek sutd, 50 adet sut urinu (25’er adet taze beyaz peynir ve kasar peyniri) ve 50 adet findik érnegi
Samsun cevresinden rastgele toplandi. Sut Grtini ve findik érnekleri sirasiyla aflatoksin M1 (AFM1) ve aflatoksin B1 (AFB1)
yonlnden ELISA testi kullanilarak analiz edildi. Cig inek sutd, taze beyaz peynir ve kasar peyniri érneklerinde AFM1 ile bulasma
oranlari sirastyla %61, %12 ve %80 olarak belirlendi. Findik érneklerinin 43 adedinde (%86) AFB1 tespit edildi (<1 ile 11.3
ng/kg™ arasinda). Sut ve st urunlerinde tespit edilen AFM1 miktarlarinin Turk Gida Kodeksi ve Avrupa Birligi tarafindan
belirlenen en yiiksek tolere edilebilir limitlerin altinda oldugu, bununla birlikte 2 findik érneginde AFB1 miktarinin yasal
limitlerden yuksek oldugu géruldu.

Anahtar sozciikler: Aflatoksin, Stt, Stit drtinleri, Findik, ELISA, Samsun

INTRODUCTION

Mycotoxicosis, which can occur in both industrialized  conditions (humidity and temperature) that favor the
and developing countries, arises when environmental, growth of moulds *. The four main aflatoxins are B1
social and economic conditions combine with weather  (AFB1), B2 (AFB2), G1 (AFG1) and G2 (AFG2), and were
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named on the basis of their fluorescence (blue or green)
under UV light and their relative chromatographic
mobility during thin-layer chromatography % The
foremost food sources of aflatoxins include grains
(particularly corn, sorghum and millet), peanuts, beans
and tree nuts, including almonds and pistachios
hazelnuts ®.

Exposure of animals to AFB1 occurs mainly by the
ingestion of contaminated feeds. In the liver, ingested
AFB1 is biotransformed by the hepatic microsomal
cytochrome P450 into aflatoxin M1 (AFM1), which is
then excreted into the milk of lactating animals *°. In
dairy cows the amount of AFM1 excreted into milk can
be up to 3% of the AFB1 intake and is affected by milk
yield ¢. The consumption of milk and milk products by
human populations is quite high, particularly by infants
and young children, thereby increasing the risk of
exposure to AFM1 7. The European Commission (EC) and
Turkish authorities have adopted 50 ng kg™ as the
maximum residue limit (MRL) for raw milk, heat-
treated milk and milk used for the manufacture of
milk-based products. However, the MRL is 25 ng kg™ for
infant milk *°.

Globally, the leading hazelnut producers are Turkey
(73% of market share), followed by Italy (14%), the
United States (4%), Spain (3%) and others (6%) *°. In
Turkey, hazelnuts are traditionally sun-dried and thus
may be subject to mould growth and subsequent
aflatoxin formation due to prolonged drying under
humid or rainy conditions, similar to the process in other
nuts **. The EC and Turkish governments have set the
MRL for total aflatoxins in hazelnut, which is offered for
direct human consumption, at 10 ng kg™ *°.

The aim of this study was to determine the occurrence
and levels of aflatoxins in dairy products and dehulled
hazelnut samples consumed in Turkey.

MATERIAL and METHODS

Thirty six samples of raw cow’s milk, 50 samples of
milk products (25 samples each of fresh white cheese
and Kashar cheese) and 50 dehulled hazelnut samples
were randomly collected from the Samsun province in
Turkey. The samples of dairy products and hazelnut
were analyzed for the presence of aflatoxin AFM1 and
AFB1, respectively, by ELISA.

The analysis was performed according to the
procedures described by R-Biopharm GmbH *2. Milk
samples were centrifuged for 10 min at 3.500 rpm and
10°C for degreasing. After centrifuging, the upper layer
of cream was removed completely by aspiration using a

Pasteur pipette. Skimmed milk (defatted supernatant)
was used directly in the test (100 pl per well). The limit
of detection (LOD) for AFM1 in milk was <10 ng I

Samples of two grams of white or Kashar cheese and
40 ml of dichloromethane were used for extraction of
AFM1. The suspension was filtered and a 10 ml aliquot
was evaporated under a nitrogen stream. The extraction
procedure was repeated with 0.5 ml of phosphate
buffered saline (PBS), 0.5 ml of methanol and 1 ml of
heptane. The extract obtained was subsequently
centrifuged for 15 min at 2500 rpm and 15°C. The
methanol layers were used for testing. The LOD for
AFM1 in white and Kashar cheese was <100 ng kg™.

Two grams of powdered hazelnut samples were
shaken for 10 min with 7 ml of methanol for AFB1
extraction. Then two milliliters of filtrate were transferred
into a screw-top centrifuge vial, 2 ml of distilled water
and 3 ml of dichloromethane were added and mixed for
5 min, and the solution was centrifuged for 5 min at
3250 rpm and 15°C. The upper aqueous layer was
removed and the entire dichloromethane layer was used
for the subsequent steps. Firstly, the dichloromethane
layer was evaporated at 50-60°C. The extraction
procedure was repeated with 0.4 ml PBS and 1.5 ml
heptane, as described above. The upper heptane layer
was removed, and the methanol layer was used for
AFB1 testing. The LOD for AFB1 in hazelnut samples was
625 ng kg™

ELISA was carried out on a Digital and Analog
Systems microplate reader (Rome, Italy). RIDASCREEN
Aflatoxin ELISA kits (R-Biopharm AG, Darmstadt,
Germany) were used to determine the levels of AFM1
and AFB1. The basis of the test was the detection of
specific antigens using the antigen-antibody reaction in
the presence of an enzyme. The wells in the microtiter
strips were coated with antibodies specific to AFM1 or
AFB1. Measurements were carried out photometrically
at 450 nm, and the absorption was inversely proportional
to the concentration of aflatoxins present in the
samples.

RESULTS

AFM1 contamination in the dairy products (raw
fresh milk, white fresh cheese and Kashar cheese) is
shown in Table 1. The AFM1 levels were lower than the
maximum levels (cheese: 500 ng kg™; milk: 50 ng kg)
allowed by the Turkish Food Codex °. The AFB1 levels of
dehulled hazelnut samples are shown in Table 2. They
exceeded the legal limits of the EC (5 pg kg') ® in only
two samples.



S15

AKSOY, YAVUZ, GUVENC
DAS, TERZI, CELIK

Table 1. Aflatoxin M1 levels in samples of milk, white cheese, and Kashar cheese

Tablo 1. Siit, beyaz peynir ve kasar peyniri érneklerinde aflatoksin M1 seviyeleri

Milk White Cheese Kashar Cheese

AFM1 (ng kg™)

n % n % n %
Not detected 14 38.89 22 88.00 5 20.00
Detected 22 61.11 3 12.00 20 80.00
<1 7 1944 - - - -
1-10 15 41.67 1 4.00 3 12.00
10-50 - - 2 8.00 13 52.00
50-100 - - - - 3 12.00
100-250 - - - - 1 4.00
>250 - - - - - -
Total (n) 36 100.00 25 100.00 25 100.00
X+Sx 2.32+0.40 19.67+6.53 41.93+10.69
Legal limit ng kg™ 50 * 500 ** 500 **

* According to Turkish Food Codex and Commission Regulation of EC [8,9]

** According to Turkish Food Codex [9]

Table 2. Aflatoxin B1 levels of dehulled hazelnut samples
Tablo 2. Findik 6rneklerinde aflatoksin B1 seviyeleri

AFB1 (ug kg™) n %
Not detected 7 14.00
Detected 43 86.00
<1 26 52.00
1-5 15 30.00
5-10 1 2.00
>10 1 2.00
Total (n) 50 100.00
X+Sx 1.72+0.32
Legal limit pg kg* * 5

* According to Commission Regulation of EC [8]

DISCUSSION

Monitoring programs for aflatoxin risk assessment in
foodstuffs have been implemented in many countries,
including Turkey, Italy, India and Spain ***,

Aycicek et al.* analyzed 223 samples of dairy products,
51 dehulled hazelnut samples and 40 cacao hazelnut
creams in Turkey. Approximately 91.5% of white cheese
samples were contaminated with AFM1, which is
considerably higher than the result for our study (12%).
However, 88.7% of the Kashar cheese samples from that
study were positive for AFM1, similar to the result (80%)
of the present study. Moreover, the AFB1 level of the
dehulled hazelnut samples in that study (84.3%) was in
parallel with our result (80%).

Tekinsen and Eken ** investigated 100 ultra high
temperature (UHT) milk and 132 Kashar cheese samples
in Turkey for the presence of AFM1. It was determined
that 67% of the UHT milk samples and 82.6% of the

Kashar cheese samples were positive for AFM1. The
results are similar to the results obtained from the
samples of milk (61%) and Kashar cheese (80%) in the
present study. However, in stark contrast, the AFM1
levels in 31 (31%) samples of UHT milk and 36 (27.3%)
samples of Kashar cheese in the above study ** exceeded
the maximum tolerable limit of the EC and the Turkish
Food Codex.

Girses et al.* analyzed 77 samples of cheese in
Turkey and found approximately 44% of samples to be
positive for AFM1 residues. However, none of the levels
was above the legal limit of the Turkish Food Codex °.

Girses * investigated 28 hazelnut, 24 walnut, 18
peanut, 13 almond and 11 roasted chickpea samples for
aflatoxin contamination in Turkey. Nine of the 28
hazelnut samples were contaminated. The highest level
of aflatoxin in those samples was 113 ug kg™* and the
mean concentration of aflatoxin was 33.4 ug kg™.

Bognanno et al.** examined 240 milk samples from
dairy ewes in Italy. Eighty one percent of the samples
were positive, which is higher than the result obtained
in the present study (61%). Three samples with
contamination above the legal limit (50 ng I"") were
detected in that study.

Rastogi et al.” investigated AFM1 contamination in 87
samples of infant milk products and liquid milk in India.
An 87.3% contamination rate was detected in the
samples. It was also determined that the level of
contamination by AFM1 (65-1012 ng I"') in infant milk
products were higher than in liquid milk samples (28-
164 ng I'"). Almost 99% of the contaminated samples
had contamination exceeding the EC limits (50 ng |*).
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Nachtmann et al.”” analyzed 316 milk samples in Italy
and detected two samples (0.6%) with levels greater
than the limits set out in the regulations. Five samples
(1.6%) had a contamination level of 50 pg I"*. Only two of
the 316 samples were above the legal limit, whereas
there were five samples at the threshold of the legal
limit, which parallels the results of the present study.

Blesa et al.** examined 58 food samples for aflatoxin
contamination in Spain. Three positive samples, which
were hazelnut (0.42 and 0.52 pg kg™ for AFB1 and AFG1,
respectively), nut cocktail (0.29 and 0.47 ug kg™ for AFB1
and AFG1, respectively), were detected. Except for two
samples, the contamination levels detected in that study
were below the limits of EU standards.

Bircan et al.” analyzed food samples for export from
Turkey for total aflatoxin concentrations. Three hundred
and thirteen of 2.643 dried fig samples, two of 80
hazelnut samples, 17 of 28 pistachio samples, five of 10
peanut samples, and 19 of 23 paprika samples were
positive and within the ranges of 0.2-162.76, 5.46-6.55,
2.31-63.11, 0.75-26.36 and 1.79-6.55 pg kg™, respectively.

In the present study, the AFM1 levels detected in
samples of milk and cheese products were lower than
the maximum tolerable limit set by the Turkish Food
Codex and European Union standards, whereas the
AFB1 levels of two dehulled hazelnut samples exceeded
the legal limit. However, the incidence of AFM1 in milk
and Kashar cheese was high. In addition, AFB1 was also
detected in most of the dehulled hazelnut samples.
Although the contamination level was low, these residues
would probably be harmful for humans. Clearly, any risk
assessment study of a naturally occurring toxic compound
must be based on information about its occurrence,
exposure and toxicology, as indicated in the literature *.

Therefore, it is concluded that the aflatoxin levels of
dairy products and hazelnut samples should be monitored
regularly and rigorously by the appropriate government
agency and with mandatory public reporting. At the
same time, it is imperative that producers, processors
and consumers be educated about the hazards of these
compounds and how to manage food products to
minimise contamination. Consumer rights groups and
consumers themselves should be vigilant and demand
that producers, processors and government all work
conscientiously to minimise the hazard of aflatoxin in
animal and human foodstuffs.
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Summary

The aim of this study was to determine the knowledge, opinions and behaviors of the adults, regarding Crimean-Congo
Hemorrhagic Fever (CCHF). This descriptive study data was collected from 405 adults who attended two health centers in
Ankara city. The mean age of the adults was 38.2+14.5 years, 73.8% were female, and 63.0% had an educational level of
secondary school or below. Of them, 91.6% were not involved with activities, which might have created risk in terms of CCHF.
When the name of the disease or the tick was mentioned, 86.7% declared that they heard CCHF. The males (P<0.001), people
with educational level of high school or more (P<0.001) and those who are currently working (P=0.004) heard CCHF more
compared to others. Of the study population, 89.8% declared that disease was transmitted by ticks and caused fever (83.8%)
and 65.0% knew there were ways of prevention from the disease. Mean knowledge score of CCHF was found to be 17.5+8.3
(min-max=0-30, median=20). Being younger than 50 years of age (P=0.003), being male (P=0.003), having an educational
level of high school or higher (P<0.001), and working (P<0.001) increased the CCHF knowledge score. The study population did
not have enough knowledge regarding CCHF. In order to increase the knowledge level, there should be cooperation among
health authorities, health workers, veterinary public health service providers, educators, local authorities and the media.

Keywords: Crimean-Congo Hemorrhagic Fever, Prevention, Tick, Knowledge, Behavior, Opinion

Kirim Kongo Kanamali Atesinde Halkin Bilgi, Gérlis ve Davranislarti:
Tiirkiye'den Bir Ornek

Ozet

Calismanin amaci erigkinlerin Kirim-Kongo Kanamali Atesi (KKKA) ile ilgili bilgi, géris ve davranislarinin saptanmasidir. Bu
tanimlayict calismada, veriler Ankara’'da iki Saglik Ocagrna bagvuran 405 erigkinden toplanmistir. Erigkinlerin yas ortalamasi
38.2+14.5 yil olup %73.8’i kadin ve %63’ ortaokul ve alti egitim dizeyine sahiptir. Yizde 91.6’s1t KKKA acisindan risk
taslyabilecek islerde calismamaktadir. Hastaligin adi belirtildiginde veya kenelerin neden oldugu bir hastalik olarak
hatirlatildiginda %86.7'si KKKA'ni duyduklarini séylemislerdir. Erkek olmak (P<0.001), ylUksek okul ve Ustl duzeyde egitimi
olmak (P<0.001) ve halen bir iste calistyor olmak (P=0.004) KKKA'ni duymus olmay artiran faktérlerdir. Calismaya katilanlarin
%89.8’si hastaligin kenelerle bulastigini, %83.8’i atese neden oldugunu ve %65’i hastaliktan korunma yollari oldugunu
bilmektedir. KKKA bilgi puani ortalama 17.5£8.3 (En kuglk-en bliyik=0-30, ortanca=20) olarak bulunmustur. Elli yasindan
genc olmak (P=0.003), erkek olmak (P=0.003), yiksekokul ve Ustu egitim dluzeyinde olmak (P<0.001) ve calisiyor olmak
(P<0.001) KKKA bilgi puanini artirmaktadir. Calismanin yapildig bireylerin KKKA hakkinda yeterli bilgi diizeyine sahip olmadigi
anlasilmistir. Toplumun bilgi diizeyinin artirilmasi icin saglik yéneticileri, saglik calisanlari, toplum veterinerlik hizmetleri
sunanlar, egitimciler, yerel yonetimler ve medya arasinda igbirligi yapilmasi gereklidir.

Anahtar sézclikler: Kinm-Kongo Hemorajik Atesi, Korunma, Kene, Bilgi, Davranis, Géris
INTRODUCTION

Crimean-Congo Hemorrhagic Fever (CCHF) is an  and hepatic dysfunction; and it has a case-fatality of 8%
acute illness affecting multiple organ systems and to 80%. This fatal viral infection was described in parts
characterized by extensive ecchymosis, visceral bleeding,  of Africa, Asia, Eastern Europe and the Middle East *.
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The virus belongs to the genus Nairovirus in the
Bunyaviridae family, and causes severe disease in
humans ?3. The disease was first characterized in the
Crimea in 1944 and named as Crimean hemorrhagic
fever. It was then recognized later in 1969 as the cause
of disease in Congo, thus resulting in the current name
of the disease. The CCHF virus may infect a wide range
of domestic and wild animals. Animals become infected
with CCHF, when infected ticks bite. Humans become
infected through the bites of ticks, by contact with a
patient who is in the acute phase of CCHF, or by contact
with blood or tissues from veraemic livestock **.
Changing social, economic and climatic conditions such
as increased travelling, bio-terrorism and ecological
disruption may increase the possibility of the introduction
of Viral Hemorrhagic Fever (VHF)-associated viruses into
new areas or increase the incidence in endemic areas °.
Clinical features commonly show a dramatic progression
characterized by haemorrhage, myalgia, and fever.
Simple barrier precautions have been reported to be
effective ™.

This infection is also an important public health issue
in Turkey, because of its high case fatality rate *.
Hyalomma marginatum is the main vector which
transmits the virus to humans in Turkey *?'. The CCHF
has not been officially reported in Turkey before 2002,
although epidemics have been reported in neighboring
countries before 2003 ?*. Cases infected with CCHF
virus were first reported in Turkey in 2002 *?. Between
2002-2008, 3135 cases of CCHF have been reported, and
155 (4.9%) of these cases died ?. Since there is no
effective treatment for this disease, means of prevention,
and mainly public education on it is crucial °.

The main objective of this study was to determine
the knowledge, opinions and behaviors of the adults
who admitted to two health centers for any kind of
health related issue in Ankara, regarding CCHF.

MATERIAL and METHODS

In this descriptive study, 405 adults who attended
two health centers in Ankara city, responded to a 27-
item questionnaire, between 31 July-9 August 2006 (8
workdays included) since the seasonal peak was seen
during this period. Although Ankara was not an endemic
region for CCHF, many admissions due to tick bite were
recorded in the city during the peak season. The first set
of questions was related with the socio-demographic
characteristics of the respondents. The second set of
qguestions comprised knowledge and opinions on CCHF.
Some of these questions included more than one
alternative that could have been answered. Source of

knowledge on CCHF, mode of transmission, acquisition
from the animals, symptoms of the disease, knowledge
on common preventive measures were asked. Behaviors
of the participants were derived from both sets of
guestions. Data was collected by face to face interview
technique. Each question about CCHF knowledge were
scored as “1” (true) and “0” (false) and the knowledge
level was evaluated according to the total score (Min=0,
Max=30). In the further analysis, the cut-off point for
the knowledge score was accepted as the median score
for the study population. SPSS version 14 statistical
software package (Chicago, IL) were used for data entry
and chi-square test (x’) was used in statistical analysis
for the study.

RESULTS

A total of 405 adults who accepted to participate in
the study in Ankara city constituted the study group.
Mean age of the adults was 38.2+14.5 years (min-
max=18-80, median=36), 73.8% were female, 63.0% had
a secondary school or lower level of education. Of the
participants, 78.8% were not working and 85.7% were
living in an apartment (Table 1).

Table 1. Some socio-demographic characteristics of participants
Tablo 1. Katilimcilarin bazi sosyo-demografik 6zellikleri

Characteristics n %
Age
29 and below 145 35.8
30-39 89 22.0
40-49 66 16.3
50 and above 105 25.9
Mean=38.2 years Min.=18 Max.=80 Sd=14.5
Sex
Male 106 26.2
Female 299 73.8
Education
Illiterate 16 4.0
Secondary school or lower 239 59.0
High school or higher 150 37.0
Work Status
Currently not working 319 78.8
Currently working 86 21.2
Health Insurance
Insured 361 89.1
Not insured 44 10.9
House Type
Apartment 347 85.7
Slum house 34 84
Detached house 24 5.9
Total 405 100.0




Of the adults, 8.4% were dealing with agriculture,
livestock, and gardening activities, which had risk for
CCHF (Table 2).

Table 2. Some job related risk characteristics of participants
for CCHF

Tablo 2. KKKA acgisindan katilimcilarin isleri ile ilgili bazt risk
ozellikleri

Risk Ccharacteristics (n=405) n %

Involved in agriculture, livestock, and gardening

Yes 34 8.4
No 371 91.6

Staying in rural areas during spring or summer

Every year 91 225
Sometimes 100 247
Never 214 52.8

Of the participants, 86.7% declared that they heard
this disease when the name of the disease or the tick
was mentioned. There was statistically significant
relationship between the sex of the adults and hearing
the disease (P<0.001). Males heard the disease more
than females. Adults who had an education level of high
school and above declared that they heard the disease
more when compared to the adults who had a lower
level of education (P<0.001) (Table 3).

Most of the adults knew that the disease was
transmitted by ticks (89.8%) and caused fever (83.8%)
(Table 4), and more than half of them (65.0%) knew that
there were precautionary measures against the disease.

Table 3. The associations between some socio-demographic
characteristics of participants and hearing the CCHF (%)

Tablo 3. Katiimcilarin bazi sosyo-demografik 6zellikleri ile
KKKA'ni duymus olmalart arasindaki iliskiler (%)

Characteristics Ever Never Test
(n=405) Heard Heard Results
Sex
Male 55.7 443  x*=17.265
Female 32.8 67.2 P<0.001
Age Group
18-29 124 87.6 x?=0.962
30-39 5.6 94.4 P=0.271
40-49 7.6 924
>50 24.8 75.2
Education
llliterate 18.8 812  x?=37.675
Primary/Secondary school =~ 28.0 72.0 P<0.001
High school or more 58.0 42.0
Work Status
Currently working 52.3 477 X’=8.458
Currently not working 351 64.9 P=0.004
Total 38.8 61.2
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Regarding the information on vectors, majority of
the responders mentioned tick (96.9%), dog (67.2%),
livestock (69.2%), and false alternatives such as snake
(25.1%). When knowledge on the symptoms of the
disease was investigated, fever (83.8%) and lassitude
(82.9%) were known as the most common symptoms,
although false answers were also given such as hair loss
(7.1%) (Table 4). Ninety four percent of the adults stated
that they learned the disease via television broadcasts.
Only 6.4% stated that they learned the disease via the
health centers, 7.4%, via the health care workers, and
4.0% via the internet.

Mean knowledge score was found to be 17.5+8.3
(min-max=0-30, median=20). The comparisons between
the socio-demographic characteristics and knowledge
score (€19 and >20) were given in Table 5. It was found
Table 4. The knowledge of participants regarding some
characteristics of CCHF (%)*

Tablo 4. Katilimcilarin KKKA'nin bazit 6zellikleri hakkinda
bilgileri (%)*

Knowledge ** No
(n=405) jresy BHON iea

Mode of Transmission

Tick bite 898 28 74
Direct contact with patient’s blood 604 171 225
Dirty water 308 416 276
Direct contact with infected animal’s blood 721 94 185
Unwashed vegetables/fruits 376 464 16.0
Acquisition from the Animals

Livestock 69.2 182 126
Fish 57 786 157
Tick 969 06 25
Snake 251 501 248
Bird 462 356 182
Dog 672 202 126

Symptoms of the Disease

Fever 838 09 153
Infertility 37 453 510
Hair loss 71 450 479
Bleeding 43.0 245 325
Lassitude 829 23 148
Putting on weight 31 575 394
Headache 678 74 248
Precautions for the Disease

Anti-tick treatment of animals (livestock) 528 25 447
The ticks should be killed by hands 52 496 452
when seen

Insecticide use in the animal shelter 558 05 437
Antmql shelters should be plastered 538 13 449
and distempered

The sick people should be cured at home 47 511 442
No one should touch the blood and body

fluids of sick animals or people without 538 13 449
gloves

Correct answers are given in italics
* Row percentages, ** More than one correct answer
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that the knowledge score was significantly related to the
participants’ age (P=0.003), sex (P=0.003), education
(P<0.001) and work status (P<0.001). Being younger
than 50 years of age, being male, having an educational
level of high school or higher, and working increased the
CCHF knowledge score (Table 5).

Table 5. The distribution of associations between some
characteristics of participants and knowledge scores (%)

Tablo 5. Katiimcilarin bazt ézellikleri ve bilgi puanlart
arasindaki iliskilerin dagiimu (%)

Knowledge

Characteristics Score * (% **) X P
(n=405)

<19 220
Age Group
<29 44.1 559 13723 0.003
30-39 47.2 52.8
40-49 36.4 63.6
>50 62.9 37.1
Sex
Male 35.8 64.2 9.049 0.003
Female 52.8 47.2
Educational Status
Secondary school/lower  55.3 447 13.122  0.000
High school/higher 36.7 63.3
Work Status
Currently not working 53.9 46.1 18.352 0.000
Currently working 27.9 72.1

* Scoring for knowledge: “1" (correct) and "0” (false),
** Row percentage

DISCUSSION

In Turkey and other countries where the epidemic is
common, the majority of cases have occurred in those
who are involved in agriculture and animal husbandry.
Slaughterhouse workers and veterinarians are also
considered **? as risk groups. In this respect, majority
of our study group was not at risk as far as CCHF was
concerned.

In the study, nearly eighty percent of the participants
were females as most of the people who visited the
health center were mainly housewives. They mostly
brought their children for vaccination. Men were
probably at work and often did not visit the health
center. So, this limitation should be kept in mind while
evaluating the results of the study.

Sex, education and employment status were found
to be associated with knowledge regarding CCHF. Since
most of the participants were housewives this can be a
confounding factor in the analysis.

Most of the adults knew the transmission route of
CCHF. This result was important as people could have
protected themselves against the disease by knowing
the mode of transmission. Most of the adults knew that
CCHF caused headache, fever and lassitude. This
knowledge might have been valuable in early diagnosis
and treatment of CCHF, especially during the seasonal
peak of the disease. Majority of the responders declared
that there was a need for more information about the
disease and its measures related to the prevention and
control. There seemed to be some variations in terms of
knowledge score depending on the socio-demographic
characteristics of the study group, ie. young group, males,
more educated and working people had high score
probably due to being more aware on recent cases on
CCHF.

As indicated by the responders, television broadcasts
were the main source of information regarding CCHF.
This result showed that television might have been an
important tool to inform public on CCHF. Number of
people who were informed by Internet was not high in
this study. This result probably might have been due to
the socio-economic status of the participants. Although
there were educational tools, pamphlets, brochures as
well as information on the website of Directorate of
Health, they might have been ineffective due to
distribution problems, lack of sufficient amounts, poor
accessibility, level of literacy, or lack of Internet access.

Since most of the research on CCHF was concentrated
on clinical and laboratory aspects of the disease in
Turkey and neighboring countries, it was not possible
to compare the study results with similar surveys. Two
studies one from Iran and one from Turkey were
conducted among healthcare workers regarding
knowledge and attitudes of these personnel on CCHF
and ticks. However, these two studies did not provide a
comparable data as their target groups and items
investigated were different »7,

Mean knowledge score was found to be 17.518.3
(min-max=0-30, median=20). There were statistically
significant relationships between the age, (P=0.003), sex
(P=0.003), education (P<0.001), work status (P<0.001)
and the knowledge score. Being younger than 50 years
of age, being male, having an educational level of high
school or higher, and working increased the CCHF
knowledge score. This statistical difference in age might
have been due to the education level of the participants
or communication difficulties with older people. As
females were in majority in the study group, sex was
also found to be associated with the knowledge.

In Turkey, primary health care was provided to the



majority of the population in health centers which were
widely distributed throughout the country and these
services were provided by 14956 physicians, and 31541
nurses/midwifes in health centers #. These figures
indicated that majority of the population had the
possibility to access primary care. This level of health
care might contribute a lot in the struggle against CCHF
by educating and providing information to the public,
besides prompt and appropriate tick removal and early
diagnosis of the disease. This study was just a pioneering
and not a representative one. It provided some valuable
clues regarding the general approach of the lay people
on CCHF. Therefore, it might provide important
information for the health care planners for future
interventions such as implementing education for CCHF
prevention. The general preventive measures may
decrease the burden of this fatal disease. As it is not
possible to eradicate it and there is no known treatment,
prevention and tick-control remain as a vital mode of
intervention. The questionnaire and results can form a
baseline for the future studies.

It is known that people living in endemic areas
should use personal protective measures, which include
the avoidance of areas where tick vectors are abundant,
particularly when the ticks are active; regular examination
of clothing and skin for ticks, and their removal; and the
use of repellents **. People who are exposed to
potentially veraemic animal blood should take practical
measures to protect themselves, including wearing
gloves or other protective clothing to prevent skin
contact with infected tissue or blood ®***. Informing
public on precautions and practices is essential for
preventing this disease. According to Scientific Advisory
Board of CCHF in Turkey, preventive measures related to
tick-control have to be taken by provincial veterinary
bodies as well as related organs of the municipalities. A
specific emphasis should be given to the people living in
the rural area and people who go to picnic very often,
since they are more vulnerable to tick bites. This will
increase the chance of prevention from the tick bites
and early diagnosis and treatment of the disease by
increasing the awareness.

It was found that the study population did not have
enough knowledge on CCHF. In Turkey where the
epidemic is common, public’s education on CCHF
generally targeted the rural population. Therefore this
can be one of the factors that affected this finding.

However, in the cities and in their suburbs, health
centers can be the primary source of information or
intervention since they are accessible for the middle
and low-income groups who are more likely to go to the
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recreational places at weekends. To increase the
knowledge there should be cooperation among health
authorities, health workers, veterinary public health
service providers, educators, local authorities and the
media. Besides, most of the activities of the Provincial
Directorate of Agriculture are planned and conducted in
the rural areas. For the city centers, and the semi-urban
areas the public information activities are insufficient *.
Therefore, public authorities should provide support for
developing projects to fight against various aspects of
this public health problem.
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Summary

In the present study, it was aimed to investigate the effect of oregano (Origanum onites) essential oil (EO) on biofilm
formation and established biofilm. Staphylococcus aureus (n=6), Staphylococcus lugdunensis (n=1), Staphylococcus
haemolyticus (n=1), Staphylococcus sciuri (n=1) and Escherichia coli (n=1) were used as the test organisms. The crystal violet
assay was used for assessing the growth of the biofilm on 96-well polystyrene microtitre plates. The minimum inhibitory
concentration (MIC) was determined by broth dilution method as 0.05% (v/v) for staphylococci with the exception of Staph.
sciuri (0.8%, v/v) and 0.1% (v/v) for E. coli. Oregano EO inhibited biofilm formation and eradicated established biofilm at MIC
level. Subinhibitory concentrations of the EO reduced the level of biofilm formation of the test strains. Further investigations
should be examined whether these observations extend to biofilms formed on other surfaces, particularly those found in food
processing plants. The ability of biofilm-embedded microorganisms to resist clearance by antimicrobial agents points to the
importance of a continuous search for novel agents. The use of oregano EO as a natural antimicrobial agent can be an effective
alternative or a supplement for the control of microorganisms.

Keywords: Biofilm, Staphylococci, Escherichia coli, Oregano, Essential oil

Kekik Ucucu Yaginin Stafilokoklar ve Escherichia coli Tarafindan
Olusturulan Biyofilmler Uzerine Etkisi

Ozet

Bu calismada, kekik (Origanum onites) ucucu yaginin, biyofilm olusumu ve olusmus biyofilm Uzerine etkisini belirlemek
amaclanmistir. Test mikroorganizmalari olarak Staphylococcus aureus (n=6), Staphylococcus lugdunensis (n=1), Staphylococcus
haemolyticus (n=1), Staphylococcus sciuri (n=1) ve Escherichia coli (n=1) suslarindan yararlanilmistir. Biyofilm gelisiminin 96
kuyucuklu polistiren plaklarda gérintilenebilmesi icin, Kristal Viyole deneyi uygulanmistir. Broth Dilusyon Yéntemi kullanilarak
degerlendirilen minimum inhibisyon konsantrasyonlari (MIK), Staph. sciuri (%0.8 v/v) disindaki stafilokok suslari icin %0.05
(v/v), E. coli icin ise %0.1 (v/v) olarak belirlenmistir. Kekik ugucu yagi, MiK diizeyinde kullanildiginda biyofilm olusumunu inhibe
etmis, olusmus biyofilmi eradike etmistir. inhibitérik diizeyin altindaki konsantrasyonlarda ise test suslari tarafindan biyofilm
olusturma duzeyini disirmustur. Basta gida isleme yerlerinde bulunanlar olmak Uzere, diger yuzeylerde de benzer etkilerin
meydana gelip gelmeyeceginin belirlenmesi amaciyla, yeni calismalarin yapilmasinin yerinde olacagi kanaatine varilmistir.
Biyofilm icinde yer alan mikroorganizmalarin, antimikrobiyel ajanlarla temizlige diren¢ géstermesi, yeni ajanlarin bulunmasi
yoniundeki calismalarin 6énemine isaret etmektedir. Bu anlamda kekik ucucu yaginin, dogal bir antimikrobiyel madde olarak,
mikroorganizmalarin kontrol altina alinmasinda etkili bir alternatif olabilecegi ya da bu dogrultuda katkida bulunabilecedi
gérilmektedir. .

Anahtar sézctikler: Biyofilm, Stafilokok, Escherichia coli, Kekik, Ucucu yag
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INTRODUCTION

A biofilm is a multicellular layer of adherent bacteria
surrounded by a matrix of extracellular polysaccharides *.
Typically, anywhere that there is a flow of water,
organisms and a solid surface, a biofilm can be formed.
The solid surfaces that can harbour biofilms in food
plants include stainless steel, aluminium, glass, nylon
materials, Buna-N and Teflon seals. Surfaces that are
pitted, scratched or cracked provide an excellent
opportunity to trap food particles and bacteria, which
begins the formation of a biofilm. Corrosion patches and
dead ends are also areas where biofilms can grow 2.

In nature, biofilms or adhesion of microorganisms
may be composed of a single species or represent a
consortium of numerous species *. They can cause
significant problems in many areas, both in medical
settings (e.g. persistent and recurrent infections, device-
related infections) and in non-medical (industrial) settings
(e.g. biofouling in drinking water distribution systems
and food processing environments *°. The attachment
of bacteria with subsequent development of biofilms
in food processing environments is a potential source
of contamination that may lead to food spoilage or
transmission of disease °.

It is well established that bacteria contained within
biofilms exhibit increased resistance to antimicrobial
treatments compared to individual cells grown in
suspension. As the biofilm matures, resistance against
various disinfectants is greater than with younger (less
than 24 h) biofilms 2. To control these problems, it has
been recognized that a greater understanding of the
interaction between microorganisms and food processing
surfaces is required 3. The best way of controlling
biofilms is to prevent their development 2.

The control of food borne pathogens such as
Staphylococci and Escherichia coli has received a great
deal of attention because these organisms can form
resilient biofilms on a range of surfaces *. Several genes
and mechanisms are involved in biofilm production, but
the regulatory mechanisms are poorly understood. The
finding that biofilm formation may be promoted at
conditions in the food industry indicates that the food
producers should be aware that controlling biofilm
formation by S. aureus may be of importance ’. E. coli
can behave as a commensal, intestinal diarrhoeagenic,
and extraintestinal pathogenic microorganism. It has
been shown that E coli strains causing prostatitis produce
biofilms in vitro more frequently than those causing
urinary tract infections, and that they are more likely to
be haemolysin producers. In addition, biofilm-forming

strains show significantly greater haemolysin and type 1
fimbriae expression °.

Eradication usually requires the use of alkaline or
acidic detergents and/or iodophores. Though efficacious,
issues such as corrosion, product contamination, and
toxicity limit the use of these compounds *. The ability
of biofilm-embedded microorganisms to resist clearance
by antimicrobial agents points to the importance of a
continuous search for novel agents that are effective
against bacteria in this mode of growth or work in
synergy with the currently available myriad of anti-
microbials **. The use of natural antimicrobial agents can
be an effective alternative or supplement for the control
of microorganisms . One approach may be the use of
essential oils that have been shown to be potential
agents in the treatment of infections, and are safe in
terms of human and animal health. In this context,
oregano oil and its major phenolic components, carvacrol
and thymol are known for their wide spectrum of
antimicrobial activity, which has been the subject of
several investigations in vitro and in vivo *>. The objective
of this study was to evaluate the activity of oregano oil
(Origanum onites) on biofilm-grown Staphylococci and
E. coli strains, as well as the effect of oil on biofilm
formation.

MATERIAL and METHODS

Essential Oil

The oregano essential oil (Origanum onites) was
provided by Tiirer Tarim Ltd. Sti. (Turer Tarim ve Orman
Uriinleri ithalat ihracat Sanayii ve Ticaret Limited Sirketi,
Kavaklidere Koy, Bornova, izmir, Tirkiye). The oil was
analyzed by capillary GC and GC/MS using an Agilent
GC-MSD system. The GC/MS analysis was carried out
with an Agilent 5975 GC-MSD system. Innowax FSC
column (60 m x 0.25 mm, 0.25 um film thickness) was
used with helium as carrier gas (0.8 ml/min). GC oven
temperature was kept at 60°C for 10 min and
programmed to 220°C at a rate of 4°C/min, and kept
constant at 220°C for 10 min and then programmed to
240°C at a rate of 1°C/min. Split ratio was adjusted 40:1.
The injector temperature was at 250°C. MS were taken
at 70 eV. Mass range was from m/z 35 to 450. The GC
analysis was carried out using an Agilent 6890N GC
system. In order to obtain same elution order with
GC/MS, simultaneous injection was done by using same
column and appropriate operational conditions. FID
temperature was 300°C. The components of essential
oils were identified by comparison of their mass spectra
with those in the Baser Library of Essential Qil
Constituents, Wiley GC/MS Library, Adams Library, Mass



Finder Library and confirmed by comparison of their
retention indices. Alkanes were used as reference points
in the calculation of relative retention indices (RRI).
Relative percentage amounts of the separated compounds
were calculated from FID chromatograms. The results of
analysis are shown in Table 1.

Bacterial Strains

The bacteria used were Staphylococcus aureus (n=5)
(Sal1, Sa2, Sa3, Sa4, Sa5), S. lugdunensis (n=1) (SL), S.
haemolyticus (n=1) (Sh), S. sciuri (n=1) (Ss), isolated
from restaurant workers and milk samples, belonging to
our private collection, and the reference strains S. aureus
NCTC 8325 (n=1) (Sa), Escherichia coli (Strain no: 97010)
(n=1) (Ec) provided by Refik Saydam Hygiene Center
Presidency National Type Refik Saydam Culture Collection
Laboratory, Ankara, Turkey. Each isolate was characterized
for biofilm related properties as reported previously *.
The isolates were capable of forming biofilms with an
ODs7o0 ranging from 0.305 to 0.521.

Efficacy of Oregano Oil on Planktonic Cells

The minimum inhibitory concentrations (MIC) of
oregano essential oil (EO) on planktonic cells were
determined in Tryptic Soy Broth (TSB, Difco 211822)
using the broth dilution method according to Nostro et
al.™. An overnight bacterial culture was inoculated to
TSB with EO at the level of 1%. The final concentrations
of EO in the medium ranged from 0.25% to 3%. Tween
80 was used at concentration of 0.1% to enhance EO
solubility in medium. The growth of test strains in TSB
including EO was evaluated by plating on Tryptic Soy
Agar (TSA, Difco 236950) after incubation at 37°C, 24 h.
The MIC was defined as the lowest concentration of the
oregano oil inhibiting the growth of each strain. All
determinations were performed in duplicate and two
growth controls consisting of TSB medium and TSB with
0.1% (v/v) Tween 80 included.

Effect on Biofilm Formation

The effect of different concentrations of oil on
biofilm forming ability was tested on polystyrene flat-
bottomed microtitre plates as described Hammer et al.®
and Nostro et al.*> with some modifications. As a
treatment solution, the concentrations of oregano oil
were prepared in TSB with 0.25% glucose and 0.1%
Tween 80 (TSBG) at the level of 0.25 MIC, 0.50 MIC and
MIC. Then, cultures were grown overnight in TSBG and
10 ul were dispensed into each well of microtitre plate
containing 90 pl of treatment solutions. For the negative
controls, 10 ul of TSBG were dispensed into each well
consisting 90 pl of treatment solutions. The positive
control group was also obtained by inoculating 10 ul of
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cultures to 90 pl of TSBG. After incubation at 37°C for 24
h, the contents of each well were removed and the wells
were washed three times with sterile physiological
saline (0.85% NaCl). Trays were shaken vigorously to
remove non-adherent bacteria. Adherent bacteria
were fixed by adding 99% methanol to wells and
leaving for 15 min at room temperature. The wells
were then emptied and left to dry. Biofilm was stained
by adding 200 ul of 2% crystal violet stain for 5 min. The
trays were then rinsed with water. After drying, stain
was resolubilised by adding 160 pl of 33% glacial acetic
acid to each well and agitating gently, and then ODs70
was measured by spectrophotometer using an ELISA
reader. Each assay was performed in triplicate. As a
measure of efficacy, ODs70 of negative control was
subtracted from corresponding absorbance reading and
compared to that of positive control.

Effect on Established Biofilms

The effect on established biofilms was verified as
described by Nostro et al.*> with some modifications. All
isolates were grown as biofilms in wells of polystyrene
flat-bottomed microtitre plates for treatment and positive
control groups. Five wells for each isolate were not
inoculated (Negative controls). After 24 h of incubation
at 37°C, the planktonic-phase cells were gently removed
and the wells were washed three times with physiological
saline and filled with 200 pl twofold dilutions of the EOQ,
ranging from MIC to 8 MIC. For the negative controls,
not inoculated wells were also filled with those EO
dilutions. The positive control group was also obtained
by adding 200 ul of TSBG. The plates were incubated
for 24 h at 37°C. The ODs70o was measured at time 0
and after incubation for 24 h. The biofilm inhibitory
concentration (BIC) was determined as the lowest
concentration where no growth occurred in the super-
natant fluid, confirmed by no increase in optical density
compared with the initial reading. Samples of biofilms
from the bottom of these wells were scarified by a metal
loop, spread over the surface of TSA and incubated for 72
h at 37°C. The biofilm eradication concentration (BEC)
was determined as the lowest concentration at which
no bacterial growth occurred on the TSA plates. Data
from four replicates were evaluated.

Statistical Analysis

The data were initially tested for normal distribution
by one-sample Kolmogrov-Smirnov test. Following the
confirmation of normal distribution (P>0.001), differences
for individual parameters between control and treated
groups were tested by paired-sample t-test using SPSS
Version 9.05 for Windows. Differences were considered
significant if the P value was less than 0.001.
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RESULTS

Composition of Oregano Oil

GC/MS results indicated that the two phenols,
carvacrol and thymol were the major components of
oregano essential oil (Table 1). Some of the researchers
reported that compounds are mainly responsible for its
antimicrobial activity **.

Table 1. The composition of Origanum onites oil
Tablo 1. Origanum onites yagunn bilesimi

RRI Main Compounds %
1280 p-cymene 7.0
1553 Linalool 3.6
1611 Terpinen-4-ol 17
1719 Borneol 1.2
1741 B-bisabolene 1.9
2198 Thymol 74
2239 Carvacrol 70.2
Others 7

Table 2. Minimum inhibitory concentration (MIC) of oregano
EO on test strains

Tablo 2. Kekik ucucu yaginin test suslarina karst minimum
inhibisyon kansantrasyonu

Strain
(Number)

MIC (%, v/v, EO Concentration
in Distilled Water)

0.05% S. aureus (n=6)

0.05 % S. lugdunensis (n=1)
0.05 % S. haemolyticus (n=1)
0.8 % S. sciuri (n=1)

0.1% E. coli (n=1)

Efficacy of Oregano Oil on Planktonic Cells

A total of 10 isolates was tested for their
susceptibility to oregano EO. The MICs of oregano EO
for each organism are given in Table 2. The values
ranged from 0.1% to 0.8%.

Efficacy of Oregano Oil on Biofilm Formation

Despite a different inhibitory effect among the
strains, a reduced level of biofilm formation in the
presence of subinhibitory concentrations of oregano EO
was observed (Table 3). Doses of MIC and .05 MIC
showed a greater influence than that of 0.25 MIC.

Efficacy of Oregano Oil on Established Biofilm

A statistically significant reduction was noted in
biofilms that were treated with oregano EO even at MIC
level. The findings indicating biofilm eradication effect
of EO are given in Table 4.

Table 3. Effect of oregano oil on biofilm formation (means+
standard deviation)

Tablo 3. Kekik yaginin biyofilm olusumu lzerine etkisi
(ortalamazstandart sapma)

Biofilm Formation

Strain MIC 05MIC  o025mIc  Fositive

Control
Sal 0.14+0.020° 0.19+0.010° 0.40+0.050° 0.50+0.010"
Sa2  0.07+0.050° 0.23+0.020° 0.36+0.020 % 0.46:+0.010
Sa3  0.10+0.006° 0.23+0.030° 0.37+0.010¢ 0.49+0.006 ¢
Sa4  0.08+0.007°* 0.13+0.010** 0.24+0.030 %< 0.32+0.010
Sa5  0.10£0.002° 0.20£0.010° 0.30£0.006°¢ 0.39+0.010 ¢
SL  0.08+0.004° 0.18+0.010° 0.34+0.030° 0.47+0.010 ¢
Sh  0.09+0.004° 0.14+0.003® 0.22+0.003¢ 0.40+0.006 ¢
Ss  0.10+0.008° 0.23+0.020° 0.36+0.020¢ 0.46:+0.010
Sa  0.10£0.003° 0.24+0.020° 0.38+0.010¢ 0.50+0.010 ¢
Ec  0.08:0.005° 0.13+0.004° 0.23+0.010¢ 0.41+0.010¢

Means with different letters (a, b) in the same row for each
EO concentration are significantly different (P<0.001)

DISCUSSION

Bacteria in biofilm are known to be much more
resistant to antimicrobial agents than free-living cells
and may act as continuous sources of spoilage and
pathogenic bacteria that contaminate food. This
increased resistance is not often considered during
disinfection, and many studies dealing with the effect of
disinfectant are carried out in broth cultures. The
current interest in natural antimicrobial compounds has
increased due to changes in consumer attitudes toward
the use of synthetic preservative agents in food, surface
detergents and disinfectants that have a negative impact
on the environment . Selected natural products that
originate in plants can influence microbial biofilm
formation through different mechanisms. Many plant
essential oils, which are mixtures of numerous organic
chemicals, contain compounds that inhibit microbial
growth *. In our study, oregano essential oil showed
antibacterial activity against all the test organisms.
Moreover, it also had effect on biofilm formation and
established biofilm even at MIC level. Nostro et al."* also
reported that Origanum vulgare L. essential oil inhibited
growth of preformed biofilm and interfered with biofilm
formation during planktonic growth. It was documented
in their article that carvacrol and thymol which are the
principal phenolic components of oregano oil may be
responsible for the effects observed on biofilm
formation. They could diffuse through the polysaccharide
matrix of the biofilm and destabilize it due to their
strong intrinsic antimicrobial properties, the researchers
continued. In this study, carvacrol (70.2%), thymol
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Table 4. Effect of oregano oil on established biofilm formation (means+standard deviation)

Tablo 4. Kekik yaginin olusmus biyofilm lizerine etkisi (ortalama#standart sapma)

Biofilm Formation

Strain

MIC 2MIC 4MIC 8MIC Control
Sal (BI) 0.081+0.002 0.098+0.008 0.099+0.002 0.093£0.002 0.097+0.003 *
Sal (Al 0.096+0.003 » 0.097+0.002 * 0.100+0.002 * 0.097+0.002 ® 0.559+0.076 *
Sa2 (BI) 0.081+0.006 0.100+0.002 0.090+0.001 0.090+0.002 0.116+0.009 *
Sa2 (Al 0.096+0.003 ® 0.096+0.004 * 0.097+0.002 * 0.098+0.001 ® 0.397+0.013 *
Sa3 (BI) 0.100+0.004 0.102+0.003 0.097+0.001 0.100+0.004 0.100+0.013
Sa3 (A 0.095+0.004 » 0.102+0.004 » 0.100+0.004 * 0.101+0.005 * 0.617+0.017 *
Sa4 (BI) 0.083+0.007 * 0.089+0.003 »* 0.094+0.003 »* 0.097+0.002 ® 0.091+0.003 2b*
Sa4 (Al 0.088+0.007 * 0.100+0.002 * 0.100+0.002 * 0.100+0.002 ® 0.664+0.005 *!
Sab5 (BI) 0.081+0.006 * 0.086+0.007 »* 0.096+0.003 »* 0.098+0.003 ® 0.100+0.004 >+
Sa5 (A 0.088+0.044 * 0.093+0.003 * 0.096+0.002 * 0.098+0.002 ® 0.609+0.014 *
SL (BI) 0.101+0.003 0.098+0.001 0.100+0.003 0.093+0.006 0.099+0.003 *
SL (AI) 0.103+0.005 * 0.104+0.003 » 0.103+0.003 * 0.105+0.004 * 0.568+0.061 *
Sh (BI) 0.079+0.003 0.073+0.005 0.076+0.002 0.079+0.003 0.083+0.005 *
Sh (Al) 0.080+0.002 * 0.075+0.005 * 0.0744+0.002 * 0.078+0.003 ® 0.581+0.015 *
Ss (BI) 0.068+0.002 0.070+0.002 0.075+0.003 0.077+0.004 0.069+0.002 *
Ss (Al 0.068+0.002 * 0.069+0.002 * 0.072+0.002 * 0.074+0.002 ® 0.695+0.059 *
Sa (BI) 0.067+0.003 0.070+0.002 0.075+0.004 0.076+0.003 0.069+0.002 *
Sa (A 0.068+0.002 * 0.070+0.002 » 0.074+0.002 * 0.076+0.003 * 0.511+0.019 *
Ec (B) 0.080+0.003 ® 0.093+0.003 »* 0.094+0.004 >+ 0.090+0.003 »* 0.116+0.009 <*
Ec (A]) 0.096+0.002 * 0.096+0.00 * 0.097+0.003 * 0.098+0.003 ® 0.418+0.012 *

BI: Before incubation, Al: After incubation

Means with different letters (a, b) in the same row for each EO concentration are significantly different (P<0.001)
Means with different letters (k, ) in the same column for each strain are significantly different (P<0.001)

(7.4%) and p-cymene (7%) were the main components
of oregano essential oil that we used.

Microbial cell surface interaction in leakage of
intracellular constituents has been suggested as the
biocidal mechanism for carvacrol-mediated anti-
microbial activity **. Exposure of S. aureus to carvacrol
during the early stages of biofilm development led to
potent inhibition of matrix formation, with shedding of
proteinaceous mass after each antimicrobial pulse.
Rapid killing of S. aureus by carvacrol also led to
disruption of the proteinaceous matrix of the film.
However, the shedding of such proteinaceous mass did
not coincide with viability reductions of staphylococci in
the biofilm, possibly due to continuous exfoliation of the
matrix. Lysostaphin is an agent with a mode of action
similar to that of carvacrol ** and in a study conducted
by Wu et al.”’; the researchers demonstrated that, in
vitro, lysostaphin disrupted S. aureus biofilms on poly-
styrene, polycarbonate, and glass surfaces. Their findings
also showed this antimicrobial eradicated both sessile S.
aureus cells of the biofilm and the extracellular matrices.

Thymol is the one of the main compounds of oregano
EO. Lebert et al. ¥’ reported that thymol did not kill any

bacteria including E. coli and S. aureus in biofilm, while
Satureja thymbra oil, containing thymol (41%), y-terpinene
(22.2%) and p-cymene (11.8%) as previously informed
by Chorianopoulos et al.”*, reduced the population of S.
aureus and E. coli grown in biofilm. Burt ** suggested
that the differences observed between the effects of
pure thymol and the essential oil may be due to a
combined effect of thymol and other molecules, such as
terpinene and cymene, which can have a synergic or
additive effect. In this study, oregano oil showed strong
effect against E. coli and Staphylococci strains including
S. aureus. This data supports the suggestion of Burt *°.
Similar results were reached by Quave et al.?* for
methicillin-resistant S. aureus biofilm using Lonicera
alpigena, Castanea sativa, Juglans regia, Ballota nigra,
Rosmarinus officinalis, Leopoldia comosa, Malva
sylvestris, Cyclamen hederifolium, Rosa canina var. canina
and Rubus ulmifolius extracts and also by Kuzma et al.”
for antibiotic resistant staphylococci biofilm using Salvia
sclarea L. extract.

According to our findings, oregano EO was effective
on biofilm formed by test strains. It was reached that
results using Crystal violet (CV) staining technique and it
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was observed that CV assay suitable for determining the
effect of essential oil on biofilm formation. In a study
conducted by Niu and Gilbert *, the researchers reported
that Cinnamomum cassia essential oil reduced the
extent of biofilm formation by E. coli. They also used this
assay and informed CV staining has been widely adopted
by microbiologists to investigate mutants with respect
to adhesion or biofilm formation, attachment to diverse
surfaces, and to compare biofilm development in different
pathogens. Its greatest features are that it is inexpensive,
relatively quick, and adaptable for use high-throughput
screening with microtitre plates.

In this study, a reduced level of biofilm formation by
Staphylococci and E. coli in the presence of subinhibitory
concentrations of oregano EO was observed. Doses of
MIC and 0.5 MIC showed a greater influence than that
of 0.25 MIC. A statistically significant reduction was
observed in biofilms that were treated with oregano EO
even at MIC level. The MIC was 0.05% for S. aureus
strains and 0.1% for E. coli. In contrast to our results
Ozkan et al.** noted higher concentrations (0.2-1%) of
marjoram (Origanum majorana), oregano (Origanum
vulgare L.), black thyme (Thymbra spicata L.) and thyme
(Thymbra sintenesi) essential oils which have similar
composition with Origanum onites EO to inhibit the
growth of S. aureus and E. coli. This difference may be
attributed to the paper disc diffusion method they used
to detect the antibacterial activity of essential oils.
Diffusion assays, in which the agent is applied to a well
or paper disc in the centre of an agar plate seeded with
the test microorganism, are unsuited to essential oil
testing because the oil components are partitioned
through the agar according to their affinity with water *.
Broth and agar dilution methods are widely used to
determine MIC of essential oils. In addition, when testing
non-water-soluble antimicrobials such as essential oils, it
is necessary to incorporate an emulsifier or solvent into
the test medium to ensure contact between the test
organism and the agent for the duration of the
experiment. Tween 80 (polysorbate 80) is one of the
most commonly used agents *. In this study, we used
broth dilution method in TSB containing Tween 80 at
the level of 0.1% (v/v).

In summary, we have shown that oregano EO exhibited
antibacterial action on planktonic S. aureus, S.
lugdunensis, S. haemolyticus, S. sciuri, E. coli and was
able to prevent or at least interfere with biofilm formation
on polystyrene surfaces. It also eradicated established
biofilm even at MIC level. Further investigations should
be examined whether these observations extend to
biofilms formed on other surfaces, particularly those
found in food processing plants.
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Summary

In this study, antibiotic residues in raw milk and pasteurized milk products sold in Ankara- Turkey investigated. For this
purpose; a total of 240 milk samples, which contains 10 raw and 10 pasteurized milk samples per month collected from
various markets in Ankara between April 2003 and March 2004 were analyzed in terms of penicillin G, oxytetracycline,
gentamicin, streptomycin and neomycin by using TLC (Thin Layer Chromatography)/Bioautographic method, in which Bacillus
subtilis ATCC 6633 was used as test microorganism. The minimum detectable concentrations for penicillin G, oxytetracycline,
gentamicin, streptomycin and neomycin, as ug/L were 4, 100, 200, 100 and 1000, respectively and recovery rate as
percentage were 75.6, 79.7, 80.9, 84.7 and 73.5, respectively. The concentrations found among pasteurized samples were
150.4 ng/L oxytetracycline and 33.5 g/L penicillin G and 7688.4 pg/L of neomycin among raw samples, which are higher than
the maximum residue limits in milks accepted in Turkey and European Countries. According to the total number of samples
analysed, the ratio of contamination with antibiotics was detected as 1.25%.

Keywords: Milk, Antibiotic, Residue, TLC/Bioautographic method

Sutlerde Antibiyotik Kalintilarinin Belirlenmesi

Ozet

Bu calismada Ankara'da satilan ¢ig sut ve pastorize st Urunlerinin antibiyotik kalintilarinin arastiriimasi amaclandi. Nisan
2003 ile Mart 2004 tarihleri arasinda, gesitli satig yerlerinden her ay 10 ¢ig sut ve 10 pastérize sut olmak Uzere toplam 240
adet sut érnegi toplanarak penisilin G, oksitetrasiklin, gentamisin, streptomisin ve neomisin yéniinden analiz edildi. Bunun icin
test mikroorganizmasi olarak Bacillus subtilis ATCC 6633’(in kullanildigi ince Tabaka Kromatografisi /Biyootografi yénteminden
yararlanildi. Buna gére penisilin G, oksitetrasiklin, streptomisin, gentamisin ve neomisin’in en Kicuk belirlenme miktarlari
sirastyla png/L olarak 4, 100, 200, 100 ve 1000, geri alinma oranlart ise ylzde olarak yine sirasiyla 75.6, 79.7, 80.9, 84.7 ve 73.5
olarak belirlendi. Pastérize sit érneklerinin birinde 150.4 pg/L oksitetrasiklin, birinde 33.5 ng/L penisilin G ve bir adet cig sut
dérneginde 7688.4 png/L neomisin tespit edilmis ve bu konsantrasyonlarin Turkiye ve Avrupa Birligi Ulkelerinde sitlerde
bulunmasina izin verilen maksimum Kkalinti limitlerinin Gstiinde oldugu belirlendi. Toplam analiz érnegi sayisina goére
antibiyotikle kirlenme sikligi %1.25 olarak bulundu.

Anahtar sozciikler: Stit, Antibiyotik, Kalinti, Ince Tabaka Kromatografisi/Biyootografi

INTRODUCTION

The first use of antimicrobials for treatment of farm level. Nowadays, beta lactam (penicillin G etc),
infections in veterinary medicine was in the late 1940s, aminoglycoside (streptomycin, neomycin, etc) and
shortly after their development *. In the treatment tetracycline (oxytetracycline, etc) antibiotics are the
bovine mastitis, antibiotics are widely used and improper most frequently used antimicrobials for treatment of
application can lead to the contamination of milk at mastitis in dairy cows and consequently, the most
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commonly found type residues in milk 2. Residues are of
concern due to their possible adverse effects on people
allergic to antibiotics, potential buildup of antibiotic-
resistant organism in humans and inhibition of starter
cultures used to produce cultured milk products such as
yogurt and cheeses **. These reasons make it important
to effectively control antibiotic residues in milk and
therefore, regulatory authorities have enacted maximum
residue limits (MRLs) for a number antiinfective agent in
milk. National monitoring programs to control the
veterinary drug residues in various animal origined
foods, including milk, are compulsory in all EC countries
and Turkey *7. Detectable concentrations of antibiotic
residues in milk supplies higher than the MRLs are illegal.

Running effective monitoring program requires
specific, sensitive and reliable analytical methods that
can detect all drug residues below regulated levels. The
overall objective is to develop and validate multiresidue
methods in order to support the implementation of
both existing as well as future regulations in the area of
food control &

Various analytical methods have been described to
determine antibiotic residues in milk, such as micro-
biological, chromatographic, immunochemical, receptor
and enzyme-based tests. Microbiological tests are
commonly applied in dairy and in survey studies **°. For
the detection of antimicrobial residues in milk; micro-
biological screening tests are used that utilize bacterial
test strains such as Bacillus stearothermophilus var.
calidolactis, Streptococcus thermophilus and Bacillus
subtilis ATCC 6633 ***2,

The coupling of thin layer chromatography with
microbiological detection (TLC/bioautography) has been
used for the identification and quantification of several
antibiotics. It is considered a simple, cheap and quite
sensitive and specific method **. The application of
bioautography combined with TLC in antibiotic residues
detection in milk and animal tissue has been
demonstrated previously by Choma et al.”* and Neidert
et al.*.

The purpose of this study was to analyse residues of
streptomycin, penicillin G, oxytetracycline, gentamicin,
and neomycin by the using TLC/bioautography; that are
frequently seen in raw and pasteurized milk products
sold in Ankara-Turkey.

MATERIAL and METHODS

Apparatus and Reagents

Antimicrobial standards penicillin G potassium,

oxytetracycline, streptomycin sulphate, gentamicin and
neomycin sulphate were purchased from Sigma-Aldrich
Ltd. HPLC grade acetone, glycerine, chloroform,
potassium hydrogen phthalate, n-propanol, Whatman
cellulose TLC plates (200X200 mm) (Merck), Standard
Plate Count Agar and Tryptose Soy Agar (Oxoid) were
purchased. Bioplates (sterilized glass plates-245x245
mm) prepared privately.

Impregnation liquid: Mix 0.1 N phthalate buffer pH
3.75 and glycerine (19+1).

Stock solutions of standards were prepared by
dissolving each compound in milli-Q water at a
concentration of 1 mg/ml and stored in amber vials in
a freezer (-20°C). Fresh stock solutions were made
every month. Working standard solutions (different
concentrations) were made by serially diluting the stock
solutions with milli-Q water every time just before use
and stored at 4°C in amber glass vials. Method validation
samples were prepared at levels of %5, 1 and 2 or 4 times
MRL values. All spiked samples (standards and method
validation samples) were assayed 6 times in duplicate
spread over three working days. The variation coefficient
of the within-laboratory reproducibility for method
validation samples was calculated.

Sample Collection

As part of the study, between 03.04.2003 and
30.03.2004 (for one year), a total of 240 milk samples,
10 of which were raw milk and 10 were pasteurized milk
every month were collected from different points of
sales in Ankara-Turkey. Attention was paid to ensure
that the milk samples analysed were of different brands
and were collected from different locations. Milk samples
were kept in the refrigerator (4°C) until analysis and
were analysed within two days at most.

Assay organism: Bacillus subtilis ATCC 6633 Difco
spore solutions were obtained from The Ministry of
Agricultural and Rural Affairs, Central Veterinary Control
and Research Institute. It cultured on Tryptone Soya Agar
(European Pharmacopeia).

TLC solvent system: Acetone-chloroform-n-propanol-
impregnation liquid (16 + 20 + 27 + 16)

Preparation of Milk Samples

For extraction of the antibiotic residues of milk
samples, methods specific to liquid chromatography
developed by Tyczkowska et al.”” were used. Accordingly,
it was extracted 1 ml from each milk sample and placed
in centrifuge tubes. In order to precipitate the proteins
in milk 1 ml of acetonitrile - methanol, deionized water



(40:20:20) mixture was added on it. After stirring with
hand thoroughly, it was centrifuged at 3000 rpm for 10
min and the portion remaining on supernatant after
proteins were precipitated was used for analysis.

Thin Layer Chromatography

Cellulose plates were divided into 10 equal channels.
And then the 10 ul extracts were applied to the channels.
During application, air current was applied on the plate
to prevent the sample from decomposing. The plate was
left to rest for 5 min in room temperature to dry them.
Afterwards, the plates were placed in the development
tanks prepared at least one hour in advance, in order to
help the ambiance reach saturation Then it is waited for
the solution to rise up to 15 cm on the plate. Plate was
removed from the tank and dried. The dried plate was
then applied to the newly prepared bio-plate.

Bioautography

Seventeen and a half grams of Standard Plate Count
Agar was measured and 1 L distilled water was added
and was melted in 100°C water for 2 h and was sterilized
by keeping for 16 min under 1 atmosphere pressure at
121°C. And by adjusting its pH to 7.2, its temperature
was decreased by helping it contact water occasionally
up to the temperature (38-40°C) required for B. subtilis
to reproduce. For every 100 ml agar, 400 pl from
Bacillus subtilis ATCC 6633 spore solution was added
and as a result, 4 ml was added to 1 L agar and it was
shaken for 15 sec. to help it diffuse homogenously. 300
ml agar was added to every bio-plate sterilized in
advance for one h at 121°C under 1 atmospheric pressure.
After waiting for agar to become solid (for around 20
min), the TLC plates that were developed by applying
sample extracts or antibiotics standards and dried, were
placed on the food-lot surface and was allowed to
contact agar for 20 min. At the end of contact period,
plates were removed and bio-plates were left for
incubation for 16 h at 37°C. The inhibition zones diameters
that developed at the end of the period were measured
using calliper *.
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RESULTS

The Rf means obtained by preparing and using the
standards, at certain concentrations, for detecting the
streptomycin, penicillin G, oxytetracycline, gentamicin
and neomycin residues using the TLC/bioautography
method as well as the their low impact densities,
their recovery rates and their minimum detectable
concentrations are given in the Table 1.

As a result of the analysis in one of the pasteurized
milk samples collected in April 2003, 150.4 pg/I
oxytetracycline and 33.5 ug/l penicillin in another
company’s sample was detected, whereas in the raw
milk sample obtained from Ankara-Ayas Gokyayla
village, 7688.4 g/l neomycin was detected. Based on
the total number of analysis samples, the ratio of
contamination with antibiotics was detected as 1.25%.

DISCUSSION

TLC/bioautography method developed by Neidert et
al.* for detecting antibiotic residues in animal tissue was
used. The method developed by Tyckowska et al."” for
extraction and detection of penicillin G from cow milk
by HPLC was used to extract the antibiotic in milk. As a
result of the recovery procedure carried out using these
methods, 75.6% for penicillin G, 79.7% for oxytetracycline,
80.9% for streptomycin, 84.7% for gentamicin, and
73.5% for neomycin were calculated as recovery rates.
In the recovery study in meat conducted by Neidert et
al.*%, these values were as follows; 95% for penicillin G,
95-98% for oxytetracycline, 80% for streptomycin, 100%
for gentamicin, and neomycin. Accordingly, recovery
levels in this study were lower for antibiotics other than
streptomycin. The difference is believed to be due to
differences between samples. Besides the fact that, TLC/
bioautography is not a costly method compared to the
other analysis methods, which can be adapted to
laboratory conditions and applied easily; it has also
certain advantages such as enabling distinction between

Table 1. Rf mean, minimum detectable concentration, recovery and MRL of antibiotics measured by TLC/bioautography

Tablo 1. TLC/Biyootogrdfi ile 6lciilen antibiyotiklerin Rt diizeyi, belirlenebilen en diisiik konsantrasyonu, geriye kazang ytizdeleri ve

maksimum kalintt diizeyleri

Antibiotics Tested Concentrations Minimum Detectable Recovery Rates Rf MRLs *
(ng/L) Concentrations (ug/L) (%) Values (ng/L)
Penicillin G 2,4,8 16 4 75.6 0.84 4
Oxytetracycline 50, 100, 200, 400 100 79.7 0.34 100
Streptomycin 100, 200, 400, 800 200 80.9 0.50 200
Gentamicin 50, 100, 200, 400 100 84.7 0.24 100
Neomycin 750, 1500, 3000, 6000 1000 735 0.07 1500

a: Maximum Residues Limits (EC directive and Turkish Food Codex)
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antibiotics when appropriate plate and development
systems are selected, leading more frequent use.

The degree of contamination of milk and dairy
products with anti-bacterial additive residues differs,
depending on the level of education, legislations and
effectiveness of food inspection in different countries *.
According to the results of the technical report prepared
for milk hygiene, by World Health Organization and Joint
Expert Committee on Food Additives (JECFA), the rate of
contamination of milk and dairy products with anti-
bacterial additives in developed countries such as USA,
Australia, UK and Scotchland was 7-10% until 1969, after
that year, the rate of contamination of the same products
decreased to 0.5% in USA, 2.1% in Australia, 1.5% in UK
and 3.4% in Scotland due to the precautions taken
after the given date. The same report indicates that, in
underdeveloped and developing countries, which fall
behind in terms of increasing the level of awareness of
stock breeders, improvement of hygienic conditions
and in terms of inspection effectiveness, the rate of
contamination for milk and dairy products might be
higher *.

In Turkey, there are only a limited number of anti-
bacterial residue studies in milk *?. The most
comprehensive is the one related to detection of
veterinary medicine residues in foods carried by 5
Veterinary Control and Research Institutes in various
cities in Turkey and by the 9 Provincial Control
Laboratories, under the leadership of the Ministry of
Agriculture and Rural Affairs. In this study, 3084 milk
sample were analysed using intertest method for the
presence of penicillin, tetracycline and chloramphenicol
in which 377 of the samples (12%) were found as
positive *.

In another study by Ceyhan and Bozkurt * from a
total of 200 milk samples (100 raw milk, 50 pasteurized
milk and 50 UHT sterilized milk) collected around Ankara
region, 11 of them were reported as penicillin positive
(5.5%).

In a study carried out by Aydin et al.® in 307 milk
samples (204 raw milk and 103 pasteurized milk samples)
using intertest and agar diffusion tests with the goal of
determining antibiotic and other inhibitor substances,
the following results were obtained; with the intertest
method, raw milk and pasteurized milk, 44% and 29%
positive, 1.5% and 15.5% suspicious and 49.5% and 53%
negative respectively; with the agar diffusion method,
15.7% and 14.5% positive, 4.4% and 7.8% suspicious and
80% and 77.7% negative respectively.

In another study carried out by Sanh et al.*’, in 89

milk samples chloramphenicol contamination was found
as 6.9% with the residue level of 1.15 ppm.

In a study carried out by Demet et al.**, where they
tried to determine the level of penicillin G, ampicilline
and penicillin V residues, using HPLC method in 50
milk samples collected from various dairy farms and
creameries, 6 of the milk samples demonstrated penicillin
G-potassium but none of the samples demonstrated
penicillin V and ampicilline. Again in a study carried out
by Demet et al.® in 61 milk samples collected from
various dairy farms in Konya, in order to detect the level
of chloramphenicol using HPLC method, 28 milk samples
demonstrated chloramphenicol residues.

Dokuzlu and Tayyar *® reported that, using the
intertest method, they have detected chloramphenicol
residue in 2 of the 150 raw milk samples collected in
Bursa Province.

As a result of the study conducted by Onal et al.Z, for
the detection of chloramphenicol residues on 444 raw
and pasteurized milk samples collected from public and
private sector establishments in Ankara and the
surrounding region, the following rates were obtained;
with the Intertest method, 78 positive (17.56%), 65
suspicious (14.63%), 301 negative (67.79%); with the
triple plate method, carried out using B. subtilis, 24
(5.40%) positive, 1 suspicious (0.22%), 419 (94.36%)
negative. It is indicated that this difference is due to the
method used, sampling time and the establishments.

Chloramphenicol is an additive that was banned for
use in livestock used for milk production and breeding,
with the circular dated 19 April 1993 and numbered
419, issued by the Ministry of Agriculture and Rural
Affairs due to its certain unwanted affects *. However it
is noteworthy and frustrating that it was detected in
milk in various residue detection studies conducted after
that date.

Even though the contamination rates discovered in
milk samples as a result of residue detection studies
carried in Turkey in previous years are so high, the
contamination level detected in this study was only
1.25%. This can be explained by the increased public
awareness about food safety and healthy nutrition and
efforts of producers to market high quality products
after the media started emphasizing the issue.

As a result the recovery values of the residues of
penicillin G, oxytetracycline, gentamicin, streptomycin
and neomycin detected using the TLC/Bioautography
method in milk were found to be satisfactory. Based on
the results of this study and previous studies, it was
determined that the probability of detecting antibiotic



in milk during spring and autumn is higher than the
probability of detecting it in other months. The values
detected are higher than the MRLs accepted in
European Countries and Turkey. However, the fact that
there is less antibiotic contamination in the milk
produced in Turkey, compared with the residue rates
obtained in previous studies, is considered to be a
positive sign in terms of food safety.
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Summary

In this study, conjugated linoleic acid (CLA) and trans fatty acid content and fatty acid composition of some commercial
milk in Turkey were determined. Total 41 milk samples belonging to 23 different national milk brands were analyzed. These
samples categorized as whole milk, light milk and fruity milk. Generally, C 16:0, palmitic acid, was major fatty acid in all
samples. Other predominant fatty acids were C 18:1, oleic acid, and C 18:0, stearic acid. The average of total CLA was ranged
between 0.961% and 1.020%.

Keywords: Commercial milk, Conjugated linoleic acid, Fatty acid composition, Turkey

Turkiye'deki Bazi Ticari Sutlerin Yag Asidi Bilesimi ve Konjuge
Linoleik Asit (CLA) icerigi

Ozet

Bu calismada, Turkiye'deki bazi ticari sitlerin konjuge linoleik asit (CLA) ile trans yag asidi icerigi ve yag asidi bilesimi
belirlenmistir. 23 farkl ulusal markaya ait 41 sit numunesi analizlenmistir. Bu stit numuneleri, yagh sut, yarim yagh sut ve
meyveli st olarak gruplandiriimistir. Genel olarak C 16:0, palmitik asit, majér yag asididir. Diger en yuksek yluzdeye sahip yag
asitleri de C 18:1, oleik asit ve C 18:0, stearik asit, olarak belirlenmistir. Toplam CLA ortalama 0.961% ile 1.020% arasinda
bulunmustur.

Anahtar sézciikler: Ticari stit, Konjuge linoleik asit, Yag asidi bilesimi, Ttrkiye

INTRODUCTION

Milk fatty acid composition is important for milk
processing and human health *. Fatty acid composition
of milk fat is highly saturated * which have been implicated
as a factor for increased risk of heart disease ®. n-3 fatty
acids which may help prevent coronary heart disease *
account for less than 1% of total fatty acids in milk fat ®.

CLA is a term to describe a mixture of positional and
geometrical isomers of linoleic acid (cis-9, cis-12

octadecadienoic acid) with conjugated double bonds. A
portion of CLA in milk fat derives from the uncompleted
biohydrogenation of linoleic acid in the rumen and
another portion comes from the action of A’ desaturase
enzyme on vaccenic acid (C18:1 trans-11) to form rumenic
acid within the tissues of the mammary gland *’. Two
CLA isomers, cis-9, trans-11 (rumenic acid) and trans-10,
cis-12, have been reported as the most biologically
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active ®. The main isomer present in both milk and meat
fat is the c-9, t-11 CLA that accounts for 80 to 90% of the
total CLA present®.

A number of health benefits are associated with
dietary conjugated linoleic acid (CLA) including anti-
carcinogenic and antiatherogenic activities ***.

CLA occurs naturally in many foods however; main
dietary sources are dairy products and foods derived
from ruminants *2. Diet is the most important factor
influencing milk CLA concentrations *.

There is some research about the fatty acid
composition and CLA content of dairy products various
countries ***, However, there are only a few reports
about fatty acid composition and CLA content in dairy
products in Turkey ****. Therefore, the objective of this
study was to determine fatty acid composition and
conjugated linoleic acid content of commercial milk
belonging to some brands in Turkey.

MATERIAL and METHODS

In this study, 41 commercial milk samples belonging
to 23 different national milk brands were analyzed in
2007. Commercial milk was sampled in local dairy
markets and stores in Konya, Turkey. These samples
categorized as whole milk (n=21), light milk (n=10) and
fruity milk (n=10). All of these samples were UHT milk.

Milk samples were frozen and stored at -27°C for
fatty acid composition analysis. Milk fat was extracted
by the method of Erickson and Dunkley ** with hexane as
the extraction solvent. The fatty acids in the total lipid
were esterified into methyl esters by saponification with
0.5 N methanolic NaOH and transesterified with 14%
BFs3 (w/v) in methanol .

The fatty acid methyl esters were analyzed on a
HP (Hewlett Packard) Agilent 6890N model gas
chromatograph (GC), equipped with a flame ionization
detector (FID) and fitted with a HP-88 capillary column
(100 m, 0.25 mm ID and 0.2 um). Chromatographic
conditions were performed according to Ledoux et al.*
method modified as follows: Injector and detector
temperatures were 250°C and 280°C, respectively. The
oven was programmed at 60°C initial temperature and 1
min initial time. Thereafter the temperature increased
20°C/min to 190°C held for 60 min then increased at
1°C/min to 220°C and held for 10 min at 220°C. Total run
time was 107.5 min. Carrier gas was helium (1 ml/min).

Identification of fatty acids and trans isomers were
carried out by comparing sample FAME peak relative

retention times with those obtained for Alltech standards.
Linoleic acid conjugated methyl ester (mixture of cis-
and trans-9,11- and -10,12-octadecadienoic acid methyl
esters, catalog number 05632) was purchased from
Sigma-Aldrich (St Louis, MO, USA). Results were
expressed as FID response area relative percentages.
Each reported result is the average value of three GC
analyses. The results are offered as meanSD.

RESULTS

Results of analysis are presented in Table 1. Thirty
seven fatty acids in milk samples were identified and
evaluated. Palmitic acid (30.849-32.200%), oleic acid
(27.399-29.179%), stearic acid (13.791-14.788%) and
myristic acid (8.131-9.419%) were of high percentages in
milk samples. Generally, palmitic acid was the major
fatty acid in all samples (Table 1).

Saturated fatty acids (SFAs) were higher than mono-
unsaturated fatty acids (MUFAs) and polyunsaturated
fatty acids (PUFAs) and varied from 59.387 to 61.505%.
MUFAs ranged from 31.828% to 33.345 and oleic acid
was the major MUFA in all samples. Oleic acid was found
to be 29.179%, 28.043% and 27.399% of total fatty acids
in whole milk, light milk and fruity milk, respectively.
Other predominant MUFA was palmitoleic acid (2.204-
2.257%) in milk samples. PUFAs content varied from
3.142% to 3.199% and linoleic acid was major PUFA in all
samples. Linoleic and linolenic acid ranged from 2.427 to
2.656% and 0.210 to 0.413%, respectively.

The average total CLA content of milk samples was
1.020%, 0.965% and 0.961% of total fatty acids in whole
milk, light milk and fruity milk, respectively. 9, t11 CLA
is major CLA isomers in all samples.

Trans vaccenic acid was found to be the highest
trans fatty acid (1.585-2.013%) in all samples and C
14:1t9, C 16:1t9, C 18:2 t9t12 and C 18:2 t9c12 were
other trans fatty acids in all samples.

DISCUSSION

In our study, palmitic acid was the most abundant
fatty acid in milk samples. These results agree with
Prandini et al.** who reported that palmitic acid (31.01
g/100 g) was major fatty acid in fermented milk. In the
present study, the other predominant fatty acids were
oleic, stearic and myristic acid in milk samples. Prandini
et al.*found that SFA was higher than MUFA and PUFA
in fermented milk. Similarly, in the present study, SFAs
were found to be higher than MUFAs and PUFAs in all
samples and ranged from 59.387% to 61.505%.



Table 1: Fatty acid composition (as methyl esters) of milk

samples (%)

Tablo 1: Siit numunelerinin yag asidi bilesimi (metil esteri

olarak) (%)

. Whole Milk Light Milk Fruity Milk
Fatty Acids (n=21) (n=10) (n=10)
c4.0 0.134+0.18 0.194+0.26 0.307+0.25
c6:0 0.160+0.41 0.036+0.03 0.575+0.59
c80 0.152+0.16 0.183+0.17 0.539+0.45
c10.0 0.825+0.44 1.050+0.67 1.516+0.93
c11.0 0.106+0.12 0.070+0.06 0.149+0.11
c12:0 1.641+0.44 1.958+0.66 2.198+0.77
C13.0 0.156+0.07 0.174+0.07 0.120+0.03
Cc14.0 8.131+1.13 8.834+0.66 9.419+1.17
C15:.0 1.057+0.11 1.102+0.12 1.138+0.09
Cc16:0 31.205+2.04 32.200+1.44  30.849+2.17
c17.0 0.744+0.10 0.707+0.10 0.682+0.12
C18.0 14788+1.56 14.329+1.11 13.791+1.59
Cc19:.0 0.040+0.06 0.026+0.03 0.015+0.01
C 20:0 0.089+0.06 0.067+0.04 0.035+0.02
C21.0 0.043+0.03 0.043+0.02 0.058+0.04
C 220 0.109+0.03 0.104+0.03 0.107+0.02
C24.0 0.007+0.01 0.016+0.02 0.007+0.01
ZSFA-* 59.387+2.32 61.093+2.15 61.505+2.38
C14:1n5 1.099+0.22 1.220+0.11 1.350+0.19
C15:1n5 0.384+0.06 0.394+0.08 0.361+0.05
cle:ln7 2.226+0.22 2.204+0.31 2.257+0.19
C17:1n8 0.438+0.05 0.436+0.05 0.439+0.05
C181n9 29.179+191  28.043+1.57 27.399+2.49
C20:1n9 0.019+0.01 0.022+0.02 0.022+0.01
X MUFA® 33.345+1.83 32.319+1.79 31.82812.41
C18:22n6 2.656+0.38 2.578+0.30 2.427+0.20
C183n6 0.031+0.03 0.033+0.01 0.065+0.03
C18:3n3 0.280+0.06 0.210+0.06 0.413+0.10
C 20:2 n6 0.014+0.01 0.026+0.02 0.029+0.02
C 20:4 n6 0.173+0.04 0.207+0.06 0.175+0.03
C20:5n3 0.018+0.03 0.044+0.05 0.068+0.06
C22:6n3 0.015+0.02 0.044+0.06 0.022+0.03
X PUFA* 3.187+0.41 3.14210.38 3.199+0.26
Ccl4:1t9 0.252+0.05 0.255+0.06 0.269+0.04
clelt9 0.550+0.12 0.455+0.10 0.464+0.12
Cc18:11t11 2.013+0.52 1.585+0.56 1.699+0.53
C18:219, t12 0.147+0.20 0.124+0.14 0.063+0.02
C18:219, cl2 0.100+0.10 0.070+0.04 0.025+0.01
ITFA® 3.062+0.68 2.48910.71 2.520+0.60
CLA c9t11 0.937+0.21 0.859+0.18 0.891+0.12
CLA t10c12 0.083+0.03 0.106+0.06 0.070+0.02
ZCLA" 1.020+0.22 0.965+0.18 0.961+0.13

* SFA: Saturated fatty acid, MUFA: Monounsaturated fatty acid,
PUFA: Polyunsaturated fatty acid, TFA: Trans fatty acid,

CLA: Conjugated linoleic acid

Seckin et al.”” determined that oleic acid was
predominant MUFA and ranged from 23.12 to 32.78 g/
100 g total fatty acid in some dairy products in Turkey.
We have also found that oleic acid was the highest MUFA
in all samples. Prandini et al.* found that MUFA content
were 21.61% and 20.63% in fermented milk and
fermented milk mountain pasture. Similarly, they
determined that oleic acid was predominant MUFA in
the fermented milk and fermented milk mountain pasture.
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PUFA was reported to range from 0.34 to 2.58 g/ 100 g
total fatty acid in some Turkish dairy products “. Prandini
et al.* found that PUFA was 2.23 g/ 100 g of total fatty
acids in fermented milk. The value of PUFA (3.142-
3.199%) in our experiment is considerably higher than
those reported by Prandini et al.** and Seckin et al.".

Trans vaccenic acid which is the predominant trans
isomer in milk fat ? is formed as an intermediate during
the biohydrogenation of dietary linoleic acid to stearic
acid 2%, Other TFA isomers such as 14:1 t9, 16:1 t9, 18:1
positional isomers, 18:2 t and 18:3 t have lower amounts
in dairy products *. Similarly, in our study, the trans
vaccenic acid was found to be the most abundant trans
fatty acid in all samples. Mendis et al.”® analyzed the
fatty acid profile of popular brands of Canadian dairy
products including milk (n=8). In their study, the average
total trans fatty acids of milk was 5.8% of total fatty acids
and vaccenic acid was the major trans-octadecenoic
acid isomer accounting for 31.0% of total trans-18:1. In
our study, total trans fatty acid contents of milk (2.489-
3.062% in total fatty acid) was relatively lower than
Canadian milk. Total trans fatty acids in whole milk
(3.062%) were found to be higher than light milk and
fruity milk because of high percentages of trans vaccenic
acid.  CLA and trans vaccenic acid were higher in whole
milk than other samples. CLA content of processed
compounded products will reflect the type and amount
of the component fats 7.

Fritsche and Steinhart ?® found that CLA (C 18:2
c9t11) in German foods was 1.16, 0.98, 0.80 and 0.63%
in raw milk, pasteurized milk, UHT milk and condensed
milk, respectively. Chin et al.”? reported total CLA to be
0.55 g/100 g fat in homogenized milk and 0.7 g/100 g
fat in condensed milk. In our study, the milk samples
which were categorized into various groups have varying
contents of CLA. The differences in CLA content may also
be explained by differences in origin and initial CLA
content of raw milks, and production technologies *.
Prandini et al.* stated that animal diet, specific
characteristics of milk used in manufacturing, with
special reference to the species and CLA content of the
milk, processing and production methods play and
important role in setting the CLA levels in dairy products.

Rodriguez-Alcala and Fontecha ** analyzed the total
fatty acid content and CLA isomer composition of 6
commercially available CLA-fortified dairy products
during processing and refrigerated storage in Spain.
They stated that the CLA isomers C18:2 cis-9, trans-11
and C18:2 trans-10, cis-12 were the predominant fatty
acids at a ratio ranging from 0.97 to 1.05. Rumenic acid
was the major CLA isomer of dairy products in Canada *.
Park et al.” stated that based on the distribution ratios



S40
Fatty Acid Composition and Conjugated ...

of CLA isomers, the c-9, t-11 isomer appeared to be the
major CLA isomer in low-fat milk (89.87%). In our study,
the cis-9, trans-11 isomer was the predominant CLA
isomer present in milk samples (0.859-0.937%), with
lesser amounts (0.07-0.106%) of trans-10, cis-12 CLA.

In conclusion, conjugated linoleic acid, trans fatty
acid and fatty acid composition of some commercial milk
in Turkey were determined. Whole milk had highest CLA
and trans vaccenic acid which is the most common trans
fatty acid in milk fat from ruminants. More research is
needed about CLA content and trans fatty acids in
Turkish dairy products with regard to food processing
and manufacturing because of its health effect.
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Summary

This study was conducted to determine the effects of dietary organic acid combination or Origanum onites supplementations on the
microbiological quality and some meat quality parameters of broiler meat obtained from heat stressed broilers. 540 broiler chicks (Ross
308) were divided into three groups as control, organic acid (OA) supplemented group and Origanum onites supplemented group (00).
After the period of 0-3 weeks, chickens were raised under seasonal heat stress. On the 42™day, 10 birds were randomly chosen from each
group and slaughtered then some meat quality parameters, colour, drip and cooking loss were determined on the breast muscles. The
microbiological quality and some meat quality parameters of breast muscles and skins were analysed at the 0, 3, 8" and 15" days of
storage period at 4°C. Coliforms in faces samples taken from gastrointestinal tract were counted. Control group had the lowest pH ultimate
value, whereas the values of drip loss (18.28+0.99%) and cooking loss (31.15+0.99%) of this group were the highest (P<0.05). Chickens in
control group had the highest L* value (62.23+1.53) whereas the 00 supplemented group had the lowest L* value (54.93+1.53) (P<0.05).
OA supplementation affected broiler meat microbiological quality significantly (P<0.05). OA supplemented group had significantly lower
coliform count (P<0.05). OO supplementation improved the meat quality parameters, such as drip loss, cooking loss and lightness, in
broilers under seasonal heat stress. Organic acid supplementations improved microbiological quality of chicken meat during storage.

Keywords: Broiler, Origanum onites, Organic acid, Microbiologic quality, Meat quality

Mevsimsel Sicaklik Stresinde Yetistirilen Broilerlerin Rasyonlarina
ilave Edilen Organik Asit veya Origanum onites’in Baz Fiziksel ve
Mikrobiyolojik Et Kalitesi Ozellikleri Uzerine Olan Etkileri

Ozet

Bu calisma mevsimsel sicak stresine maruz kalip organic asit veya esansiyel yag asidi ile beslenilmis olan broilerlerden elde edilen kanatl
etinin bazi et kalitesi ézellikleri ve raf émrinin belirlenmesi amaciyla yapilmistir. 540 broiler tavuk (Ross 308) kontrol, organik asit ilave
edilmis (OA) veya Origaum onites ilave edilmis (00) grup olmak iizere 3 ayri gruba ayrildi. llk 3 haftanin takibinde broilerler mevsimsel sicak
stresine maruz birakildilar. 42. glinde kesilen broilelerden her bir gruptan 10’ar tane rastgele secilerek gégis kaslarinda renk, pisme ve
sogutma kaybi gibi bazi et Kalitesi parametreleri incelendi. Gégus etlerinin raf émurleri 6zellikleri soguk muhafazanin 0, 3., 8. ve 15.
gunlerinde mikrobiyolojik yontemlerle incelendi ve bazi et kalitesi 6zellikleri kontrol edildi. Broilerlerin barsak sisteminden alinan digki
ornekleri de 0. glinde coliform sayisi acisindan incelendi. Kontrol grubu en disik son pH’a ulasirken fire (%18.28+0.99) ve pisirme kaybi
(%31.15+0.99) en yiiksek olan gruptu. Kontrol grubunda L*degeri en yiiksek bulunurken (62.23+1.53), OO ilave edilen grupta en disukti
(54.93+1.53). OA ilavesi mikrobiyolojik kaliteyi istatistiksel olarak belirgin bir sekilde (P<0.05) etkiledi. OA ilavesi ile diskida coliform sayisinda
belirgin bir azalma goéruldu (P<0.05). Yemlere OO ilavesi ile Lightness, drip ve pisirme kaybi gibi et kalitesi parametrelerinde iyilesme
gorulirken organic asit ilavesinin raf émri siiresince mikrobiyel kaliteyi karsilastirilan diger gruplara gore arttirdigi gézlemlendi.

Anahtar sozciikler: Broiler, Origanum onites, Organik asit, Mikrobiyolgjik Kalite, Et kalitesi
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INTRODUCTION

Broiler meat quality depends on the inherent
characteristics of the animal, long- and short-term
environmental influences on the animal and processing
variables. Most of these factors are likely to alter muscle
post-mortem metabolism which largely determines the
processing ability of meat. Environmental conditions
existing even shortly before the animal is slaughtered
have been known to be stressful for broilers and alter
some of their meat characteristics *.

To the consumer, appearance is the major criterion
for purchase selection and initial evaluation of meat
quality. Other quality attributes, such as tenderness,
juiciness, drip-loss, cook-loss, and shelf-life are important
to the consumer after purchasing the product, as well as
to the processor when producing value-added meat
products 2.

A selective exclusion of the gut pathogens and a
consequent promotion of the favourable microbes like
the lactobacilli may be the plausible mechanism of
action of the organic acids ®. In addition the beneficial
effects of organic acid supplementation in livestock have
been attributed to a lowering of pH, mainly in the
stomach, and intestines which controls the growth of
pathogenic bacteria *.

Herbs and species have been used for centuries to
provide favourable flavours. They also have anti-
microbial activity *¢. Antibacterial activity of herbs and
species is mainly caused by essential oil components such
as carvacrol, a-terpineol, terpinen-4-ol, eugenol, (t)-
linalool, (-)-thujone, (cis+trans) citral, nerol, geraniol,
menthone ’. The essential oils are hydraphobic and their
primary site of toxicity is the membrane. They accumulate
in the lipid bilayer according to a partition coefficient
that is specific for the compound applied, leading to
disruption of the membrane structure and function.

The aim of this study is to determine the effects of
organic acid or Origanum onites supplementation on
some meat quality parameters and microbiological
quality of broiler meat of which obtained from of broilers
kept under seasonal heat stress.

MATERIAL and METHODS

This study was conducted in summer, during July and
August, 2007. 540 broiler chicks (Ross 308), mixed sex
kept in deep litter. The temperature was 32°C in housing
on day 1 and was decreased weekly by 2.5°C until wk 3.
From 3 to 6 wk, groups were kept at ambient temperature

which was reaching to 43°C during the day time. From 3
to 6 wk, the average temperature and relative humidity
from 10:00 to 18:00 and from 18:00 to 10:00 were
34.2°C, 46% and 26.6°C, 57%, respectively. For each
group, broiler chicks were kept in different pens (1.75x2.5
m) based on the diet regimes for 42 days. Birds were
randomly divided into 3 groups (180 birds for each group;
60 birds x 3 pens): Control group (basal diet), Origanum
onites group (the basal diet supplemented with Origanum
onites: Origanum onites, 15 g/kg) and organic acid group
(the basal diet supplemented organic acid combination;
Lactic acid 200 g/kg; Formic acid 250 g/kg, and Propionic
acid, 80 g/kg). Diets were fed ad libitum and birds had
free access to drinking water. Ingredients of the diets
were shown in Table 1.

Birds were slaughtered on 42™ day of age. Slaughtering
was carried out under commercial conditions in a pilot
plant (Poultry Processing plant of ADU, Faculty of
Agriculture). The equipment and plant were disinfected
after slaughtering for each group. Samples were taken
immediately after air chilling.

Table 1. Composition of experimental basal diets and
calculated nutrient content

Tablo 1. Deneysel bazal diyet kompozisyonu ve hesaplanmts
besin icerigi

Basal Diets
Ingredients %
Corn 52.00 60.00
Soybean Meal 34.50 29.50
Fish Meal 5.00 1.50
Vegetable Oil 5.00 6.00
Di Calcium Phosphate 1.50 1.30
Calcium Carbonate 1.05 0.94
Salt 0.30 0.30
Trace Vitamin Premix * 0.25 0.25
Trace Mineral Premix * 0.10 0.10
DL-Methionin 0.10 0.10
L-Lysine 0.05 0
Choline 0.05 0.01
Coccidiostat ( Cygro) 2 0.10 0.10
Origanum onites * 0 0
Organic Acid Combination * 0 0
Calculated chemical analyses, %
Crude protein 2311 19.35
Calcium 118 0.92
Total Phosphor 0.79 0.66
Methionin 0.51 0.35
Lysine 147 1.06

® For each kg of the diet; vitamin A 12.000 IU; vitamin E 35.0 mg;
vitamin K3 5.0 mg; vitamin B1 3.0 mg; vitamin B2 7.0 mg;
vitamin Be 5.0 mg, vitamin B12 0.015 mg, Calcium D-Pentotenat
10.0 mg;, Folic acid 1.0 mg; D-Biotin 0.045 mg; Choline chloride
125.0 mg; vitamin C 50.0 mg;, Mn 80 mg; Fe 60.0 mg; Cu 5 mg; Co
0.2 mg; Se 0.15 mg,

% For each kg of cygro; maduramycin Amonium, 5.000 ppm

* Origanum onites, 15 g/kg

* Lactic acid 200 g/kg; Formic acid 250 g/kg, and Propionic acid, 80 g/kg




Determination of Meat Quality Parameters
pH and Color Measurements

The pH values were determined after 15 min post
slaughter (initial pH, pHis) and after chilling for 24 h at
4°C in sealed plastic bags (ultimate pH, pHu), on the left
breast muscles of carcasses by using pH meter (Hanna
Instrument Model 211) with a penetration electrode
(FC-200). Color (L*, a*, and b*) was measured on the
left breast muscle at 24 h using a Minolta chromameter
(Minolta Corp., Ramsey, NJ).

Drip Loss and Cooking Loss

Drip loss (DL) of the Pectoralis major muscle at 24 h
post-mortem was measured as described by Remington
et al & The left Pectoralis major muscle was excised and
weighed, then placed in a plastic bag and stored at 4°C.
The muscle was removed from the bag 24 h post
slaughter, wiped, and weighed to evaluate DL which was
expressed as a percentage of the initial muscle weight.
To obtain cooking loss, samples were cooked individually
in heat-and-seal bags immersed in 75°C water to internal
temperature of 70°C. Temperature was measured with a
penetrative probe (Hanna Instrument 8521) in a meat
sample in a bag. Samples were weighed before and after
cooking to determine cooking loss. Weight loss was
expressed as a percentage of initial weight for drip and
cooking losses.

Microbiological Analyses

Ten birds from each group (30 broiler chickens in
total) were slaughtered under commercial conditions.
After chilling, the left breasts were removed and put in
sterile bags. The intestinal truct of the birds were also
collected separately and put into individual sterile bags.
Breasts (skin on), and intestinal tracts were brought to
the laboratory in two cold boxes (4°C). The shelf life and
organoleptic features of breast muscles and skins were
analysed at the 0, 3rd, 8th and 15th days of storage
period at 4°C. 10 gram of skin and flesh samples from
each breast were put in a sterile bag and homogenised
in 90 ml of pepton water (Merck 1.07228) then serial
dilutions were carried out. Plating out was done on PCA
(Plate count Agar, Oxoid CM 325) from appropriate
serial dilutions and the plates were incubated at 30°C
for 3 days. The results were found as log cfu/g of the
meat and skin samples analysed.

Organoleptic Analyses

The samples were analyzed by 3 referees on the
sampling days based on their odors and appearances.
The referees recorded the sensory evaluation results as
good and spoiled. The spoiled evaluation was carried
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out by smelling uncommon flesh odors and observing
sticky exudates on the skin and flesh of meat.

Analysis of Faeces

Ten gram of faces samples taken from gastro-
intestinal truct were homogenised in 90 ml of pepton
water then serial dilutions were carried out. Dilutions
were plated out on Violet Bile Lactose Agar (VRBA: Lab
M, Lab 31) and plates were incubated at 37°C for 1 day
then colonies were counted. The results were found as
log cfu/g of the material analysed.

Statistics

All data were subjected to Univariate using the
General Linear Models procedure of SPSS. Means
differing significantly were separated using the Duncan’s
test option of SPSS (P<0.05).

RESULTS

Meat Quality Parameters

Meat quality parameters of broiler chickens for
different groups are given at (Table 2). Although no
statistical differences were observed at the initial pH
values measured at 15 min postmortem, Origanum onites
(O0) supplemented group had the highest pH ultimate
value (6.10£0.49) then the others at the pH measurement
conducted 24 h post mortem. The drip loss and cooking
loss parameters were statistically different between
groups. The highest losses for these parameters were in
control group. The lowest drip loss (7.40£0.99%) and
cooking loss (19.69+0.99%) were observed in the group
supplemented with OO (Table 2).

The colour measurements showed that there were
significant differences between groups. Chickens kept at

Table 2. Effect of diets on breast meat quality parameters of
broiler chickens under seasonal heat stress (X+Sx)

Tablo 2. Mevsimsel sicaklik stresine maruz kalan broilerlerin et
kalitesi tizerine verilen diyetlerin etkisi (X+Sx)

Parameters Control OrAg@mc Or ganum
cid onites
pH 15 6.01+0.60° 6.13£0.60*  6.19+0.60
pHu 24 5.84+0.49° 5.96+0.49* 6.10+0.49°
DL % 18.28+0.99> 11.86+0.99°  7.40+0.99 ©
CL % 31.15+0.99* 27.26+0.99° 19.69+0.99 ©
L* 62.23+1.532 58.63+1.53* 54,93+1.53°"
a* 3.41+0.41° 2.46+0.41°> 2.32+0.41°
b* 5.60+0.54® 2.26+0.54° 3.16+0.54 =

a-c Means in the same column with no common superscript differ
significantly, DL: Drip loss; CL: cooking loss; L* = lightness; a* =
redness; b* = yellowness
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control group had the highest lightness (L*) values whereas
the lowest was the OO group. Although redness (a*)
values did not show any significance, mean yellowness (b*)
values obtained from the control birds was significantly
higher than OA supplemented group (Table 2).

Microbiological Quality

Examinations carried out during the sampling days
showed that OA supplementation affected broiler breast
meat microbiological quality (Table 3). On day 0, breast
muscles from OA group had significantly lower (P<0.05)
microbial load. On 3rd day of storage, OA group had
lowest microbial load (4.98+0.09 log cfu/g) and there
was a statistically significant difference (P<0.05) between
OA supplemented group and the others. No statistical
difference was observed between control group and OO
group (P>0.05). No spoilage signs were observed in any
of these groups. The mean microbiological load on the
breast muscles from OA supplemented group was
5.51+0.09 log cfu/g and no spoilage signs were observed
on the 8" day of storage. However, muscle samples from
the other groups showed spoilage signs such as a heavy
odour and slight sticky exudates on their surfaces. On
the 15" day of trial, all samples were spoiled. Intestinal
pH was not affected (P>0.05) from the different diets
(Table 4). However, OA group had significantly lower
coliform count than the other groups.

Table 3. Numbers of total bacteria grown during the storage on
the breast meat of broiler carcasses (log cfu g*) fed by various
feed supplementations under seasonal heat stress

Tablo 3. Mevsimsel sicaklik stresine maruz kalip cesitli yem
ilaveleriyle beslenilen broilerlerin gégiis etlerinde soguk muhafaza
strasinda gelisen toplam mezofilik bakteri sayilar: (log kob g*)

Storage Time Control Organ_ic A_cid Orig:zmum
(Day) Combination onites
0 4.67+0.10 " 4.45+£0.10 " 5.30+0.10°
3 5.87+0.09 ® 4.98+0.09 * 5.74+0.09 ®
8 6.40+0.09 ° 5.51+0.09 ® 6.32+0.09 *
15 8.49+0.15* 7.76+0.15°* 7.88+0.15°

@b Means in the same row with no common superscript differ
significantly

Table 4. Coliform counts in the faecal material taken from
broilers (log cfu g*) and intestinal pH (X+Sx)

Tabo 4. Broilerlerden alinan diski materyalinde coliform sayist
(log kob g*) ve barsak iceriginin pH't (X£5x)

Characteristic Control Orga!nic Orlga_mum
Acid onites

Intestinal pH 6.01+0.12* 5.82+0.12° 5.83+0.12°

Coliforms in faeces  6.76+0.58 * 5.54+0.46° 6.67+0.27 ®

«t Means in the same column with no common superscript differ
significantly

DISCUSSION

Although repeated increases in environmental
temperature or seasonal temperature changes do not
affect broilers °, acute heat stress does not allow broilers
to adopt their physiological and metabolical conditions
to increased temperatures causing quality defects and
deaths. Especially in the Western and Southern seashore
parts of Turkey acute heat stress causes massive deaths
and meat quality defects between July and August
months in the summer season *.

The study reported here conducted during the
summer season in order to determine the effects of
organic acid or Origanum onites supplementations on
some meat quality parameters and microbiological
quality of broiler meat. It was reported that there was a
significant correlation between muscle pH and extremes
in color variation ***. Cornforth ** also stated that meat
with a high pH has a higher water-holding capacity, hence
making it appear darker. Poultry meat with low pH has
been associated with low water-holding capacity (WHC),
which results in increased cook-loss and drip loss **.
Low pH has also been reported to decrease tenderness ***°
and increase shelf-life 2. Heat stress prior to slaughter
was reported to cause PSE-like meat in turkeys * and
broilers **. Lee et al *®, who found that birds held at a
control temperature of 20°C (68°F), exhibited significantly
higher terminal pH values than heat-stressed birds *.
Mckee and Sams ** were also showed that lighter meat
colour, lower ultimate pH values and higher drip and
cooking loss could be observed in turkeys having heat
stress prior to slaughter. That is because higher drip
losses observed in the control group and organic acid
group L* values were higher than Origanum onites
supplemented group. Based on the information given
above meat with high ultimate pH (24 h) with low drip
loss had the lowest L* value whereas meat with the low
ultimate pH and high drip loss showed high L* value due
to the reflectance effect of exudation. From these results,
might be predicted that there were some positive effects
of OO supplementation on the stress compensation of
broilers.

In the food animal industry, organic acids were added
to feeds to as fungistats, but in the past 30 yr, formic
and propionic acids and various combinations have also
been examined for potential bactericidal activity in
feeds and feed ingredients contaminated with food-
borne pathogens, particularly Salmonella spp *?*. The
supplementation of OA or OO might be considered as
beneficial in improving microbiological quality of broiler
chickens during storage . Organic acid supplementation
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of feed or water has also been reported a promising
non-antibiotic alternative ** for poultry. In vitro studies
revealed that the organic acid combinations have anti-
microbial activities . At low pH, organic acids are found
predominantly in the undissociated (protonated) form.
Undissociated organic acids are lipophilic and can diffuse
across bacterial cell membranes. Once inside the bacterial
cell, the organic acids will dissociate and decrease the
cytoplasmic pH, disrupting enzymatic reactions, cellular
growth and/or inducing cell death in a variety of bacterial
species ***?*. Certain microbes are more or less tolerant
to decreases in intracellular pH levels. For example,
some enterobacterial species such as Escherichia coli are
generally more susceptible to organic acid induced toxicity
whereas, other species (ie lactobacilli and streptococci)
allow their intracellular pH levels to drop, and are often
less susceptible ***. In the present study, the total
numbers of coliforms in OA supplemented group found in
the faeces were significantly lower than the other groups
examined, which might also affect the contamination rate
of breast skin. As it was predicted, TVC obtained from
the breast samples in OA supplemented group was
lower than TVC obtained from the other groups. The
inhibitory effects of OA combination continued during
storage period and significantly lower numbers of total
bacteria were observed on 0, 3 and 8" sampling days
when compared with the other groups. The control and
00 supplemented groups both had the signs of the
spoilage but the OA supplemented group did not show
any of the spoilage signs 8" day of cold storage. Therefore,
it could be predicted that approximately two days of shelf-
life extension could be provided when OA combination
supplementation was added to the ration of broilers.

Based on the data gathered from the study presented
here it could be concluded that Origanum onites
supplementation may have some beneficial effects on
meat quality parameters of broilers, such as drip loss,
cooking loss and meat colour. Organic acid combination
supplemented to broiler feed may improve micro-
biolgical quality of poultry carcasses during storage.

REFERENCES

1. Berri C, Debut M, Sante’-Lhoutellier C, Arnould B,
Boutten B, Sellier N, Bae’Za E, Jehl N, Je’Go Y, Duclos M],
Le Bihan Duval E: Variations in chicken breast meat quality:
A strong implication of struggle and muscle glycogen level at
death. Br Poult Sci, 46, 572-579, 2005.

2. Allen CD, Russell SM, Fletcher DL: The relationship of
broiler breast meat color and pH to shelf-life and odor
development. Poult Sci, 76, 1042-1046, 1997.

3. Overland M, Granil T, Kjos NP, Fjetland O, Steien SH,
Stokstad M: Effect of dietary formats on growth performance,
carcass traits, sensory quality, intestinal microflora, and

S45
GOKSOY, AKSIT, KIRKAN

stomach alterations in growing-finishing pigs. / Anim Sci, 78,
1875-1884, 2000.

4. Partanen KH: Organic acids their efficacy and modes of
action in pigs. In, Piva A, Bach Knudsen KE, Lindberg JE (Eds):
Gut Environment of Pigs. pp. 201-218, University Press,
Notingham, UK, 2001.

5. Tassou CC, Drosinos EH, Nychas, GJE: Effects of essential
oil from mint (Mentha piperita) on Salmonella enteriditis and
Listeria monocytogenes in food model systems at 4°C and
10°C. J Appl Bacteriol, 78, 593-600, 1995.

6. Lambert RJW, Skandamis PN, Coote PJ, Nychas G-JE: A
study of the minimum inhibitory concentration and mode of
action of oregano essential oil, thymol and carvacrol. J Appl
Microbiol, 91, 453-462, 2001.

7. Dorman, HJD Deans, SG: Antimicrobial agents from plants:
Antibacterial activity of plant volatile oils. J Appl Microbiol,
88, 308-316, 2000.

8. Remignon H, Desrosier V, Marche G: Influence of
increasing breast meat yield on muscle histology and meat
quality in the chicken. Reprod Nutr Dev, 36, 523-530, 1996.

9. Yahav S, Hurwitz S: Induction of thermotolerance in male
broiler chickens by temperature conditioning at an early age.
Poult Sci, 75, 402-406, 1996.

10. Altan A, Bayraktar H, Oneng A: The effects of heat stress
on colour and ph of broiler meat. | Anim Prod, 42 (2): 1-8,
2001.

11. Livingston DJ, Brown WD: The chemistry of myoglobin
and its reactions. Food Technol, 35, 244-252, 1981.

12. Yang CC, Chen TC: Effects of refrigerated storage, pH
adjustment, and marinade on color of raw and microwave
cooked chicken meat. Poult Sci, 72, 355-362, 1993.

13. Cornforth, D P: Color and its importance. In, Pearson AM,
Dutson TR (Eds): Quality attributes and their measurement in
meat, poultry, and fish products. pp. 34-78, Chapman and
Hall, London, UK, 1994.

14. Froning GW, Babji AS, Mather FB: The effect of
preslaughter temperature, stress, struggle and anesthetization
on color and textural characteristic of turkey muscle. Poult
Sci, 57, 630-633, 1978.

15. Northcutt JK, Foegeding EA, Edens FW: Water-holding
properties of thermally preconditioned chicken breast and leg
meat. Poult Sci, 73, 308-316, 1994.

16. Holm CGP, Fletcher DL: Antemortem holding temperatures
and broiler breast meat quality. / Appl Poult Res, 6, 180-184,
1997.

17. Babji AS, Froning GW, Nkoga DA: The effects of
preslaughter environmental temperature in the presence of
electrolyte treatment on turkey meat quality. Poult Sci, 61,
2385-2389, 1982.

18. Lee YB, Hqus GL, Hageberg EC, Forsylhe RH: Effect of
antemortem environmental temperatures on postmortem
colysi and tenderness in excised broiler breast muscle. J Food
Sci, 41, 1466-1469, 1976.

19. Mckee SR, Sams AR: The effect of seasonal heat stress on
rigor development and the incidence of pale, exudative
turkey meat. Poult Sci, 76, 1616-1620, 1997

20. Dixon RC, Hamilton PB: Effect of feed ingredients on the
antifungal activity of propionic acid. Poult Sci, 60, 2407-



S46
The Effects of Organic Acid...

2411, 1981.

21. Mchan F, Shotts EB: Effect of feeding selected short chain
fatty acids on the in vivo attachment of Salmonella typhimurium
in chick ceca. Avian Dis, 36, 139-142, 1992.

22. Hinton M, Linton AH: Control of salmonella infections in
broiler chickens by the acid treatment of their feed. Vet Rec,
123, 416-421, 1988.

23. Aksit M, Goksoy EO Kok F, Ozdemir D, Ozdogan M: The
impacts of organic acid and essential oil supplements on the

microbiological quality of chicken carcasses. Arch Gefliigelkd,
70 (4): 168-173, 2006.

24. Van Immerseel F, Russell JB, Flythe MD, Gantois I,
Timbermont L, Pasmans F, Haesebrouck F, Ducatelle R: The
use of organic acids to combat salmonella in poultry: A
mechanistic explanation of the efficacy. Avian Pathol, 35 (3):
182-188, 2006.

25. Dibner JJ, Buttin P: Use of organic acids as a model to
study the impact of gut microflora on nutrition and metabolism.
J Appl Poult Res, 11, 453-463, 2002.

26. Russell, JB, Diez-Gonzalez, F: The effects of fermentation
acids on bacterial growth. Adv Microb Physiol, 39, 205-234,
1998.



Kafkas Univ Vet Fak Derg
16 (Suppl-A): S47-S52, 2010
DOI:10.9775/kvfd.2009.1284

Detection of Brucella Antibody and DNA in Cow Milk by ELISA
and PCR Methods

Goknur TERZI * - Ozlem BUYUKTANIR ** Oktay GENC **
Ali GUCUKOGLU *  Nevzat YURDUSEV ** #

* Ondokuz May1s University, Faculty of Veterinary Medicine, Department of Food Hygiene and Technology,
TR-55139 Kurupelit, Samsun - TURKEY
** Ondokuz Mayis University, Faculty of Veterinary Medicine, Department of Microbiology, TR-55139 Kurupelit,
Samsun - TURKEY

RESEARCH ARTICLE

Makale Kodu (Article Code): KVFD-2009-1284

Summary

The aim of the present study was to determine comparatively the presence of anti- Brucella antibody and Brucella DNA in cow milk.
Anti-Brucella antibody was detected by ELISA based on the lipopolysaccharide (LPS) as diagnostic antigen. Besides, the presence of
Brucella DNA in milk samples was screened by eryCD gene-targeted PCR and B. abortus DNA was determined by amplification of alkB
genes. For this purpose, 70 raw cow milk samples collected from open markets were used. Among these samples, 15 samples
(21.4%) were found positive for anti-Brucella LPS antibody in ELISA. In contrast, only 5 milk samples (7.1%) were determined as
positive by eryCD gene-targeted PCR. All of the eryCD positive samples giving an amplicon of 904 bp indicated the presence of wild-
type Brucella DNA but not B. abortus S19 vaccine strain allowing amplification of only an amplicon of 202 bp. In addition, amplification
of the alkB gene demonstrated the presence of B. abortus DNA in 5 eryCD positive samples. No statistical agreement was observed
between ELISA and PCR results with 95% confidence interval. These results strongly suggest that use of both ELISA and PCR
methods could lead to more reliable diagnosis of brucellosis from bovine milk samples.

Keywords: Brucella, Bovine, Milk, ELISA, PCR

inek Sutiinde Brucella Antikoru ve DNA’sinin ELISA ve PCR
Yontemileri ile Tespiti

Ozet

Bu calismada inek sitiinde anti-Brucella antikorlart ve Brucella DNA'sinin karsilastirmali ydéntemlerle belirlenmesi amaclanmistir.
Anti-Brucella antikorlarin tespitinde spesifik tani antijeni olarak lipopolisakkaride (LPS) dayali ELISA kullanildi. Ayrica, sut érneklerinde
Brucella DNA varlig ery genine dayall PCR teknidi ile arastirildi ve B. abortus DNA varlidi ise alkB geni amplifikasyonu ile belirlendi. Bu
amacla, 70 adet cig inek sutl 6érnedi yerel pazarlardan toplandi. Bu érneklerin 15'i (% 21.4) anti-Brucella LPS antikoru yéninden
ELISA’da pozitif bulundu. Buna karsin, 5 sit érneginin (% 7.1) eryCD genine dayali PCR’da pozitif oldugu belirlendi. Tium eryCD pozitif
orneklerin 904 bp boyutunda amplikon vermesi, Brucella DNA'sinin saha susuna ait oldugunu ancak yalnizca 202 bp buyukliginde
amplikon ¢ogaltilabilenn B. abortus S19 asi susuna ait olmadigini gosterdi. Ayrica, alkB geninin PCR’da ¢ogaltiimasi ile eryCD pozitif
bulunan 5 érnekte de B. abortus DNA varligi belirlendi. %95 guven araliginda, PCR ve ELISA sonuclari arasinda istatistiksel uyumluluk
gozlenmedi. Bu bulgular, inek sit érneklerinde brusellozis tanisinin ELISA ve PCR yéntemlerinin birlikte kullanimi ile daha givenilir
olabilecegine kuvvetle isaret etmektedir.

Anahtar sézciikler: Brucella, Sigir, Stit, ELISA, PCR

INTRODUCTION

Brucellosis is a widespread zoonotic disease causing occurs as a result of consuming contaminated milk and
considerable economic losses in ruminants and milk products and direct contact with the infected
transmission of the pathogenic Brucella strains to humans  animals **. Thus, the determination of the infected
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animals is of paramount importance for public and
animal health. In dairy cattle, bacteriological, serological
and molecular methods have been carried out for the
diagnosis of brucellosis **. Although isolation of the
bacteria leads to the definitive diagnosis of the disease,
bovine brucellosis diagnosis is essentially based on the
serological methods using serum or milk samples *°. As
milk particularly reflects IgG based antibody response of
the animal ”® and is a non-invasive sampling method, its
use instead of blood in serological detection represents
an important advantage in lactating animals.

Milk Ring Test (MRT) has been used as a screening
test for bovine brucellosis, and is an adaptation of the
agglutination test performed with the milk °. MRT has
relatively low sensitivity and leads to wrong inter-
pretations with colostrums, milk at the end of lactation
period and milk from cow with mastitis °. Its specificity,
however, is doubtful when Brucella prevalence is low *.
Milk ELISA was found more sensitive and specific than
MRT in detecting anti-Brucella antibodies in milk **.

In recent years, detection of Brucella DNA by PCR-
based methods in milk samples have been developed ***.
These methods are rapid and accurate and allow testing
a great number of samples to detect the presence of the
pathogens **. A number of nucleic acid sequences have
been targeted for the development of Brucella genus-
specific PCR assays, including 16S rRNA, 165-23S intergenic
spacer region, omp2, bcsp31 . In addition, IS711
element downstream of the alkB gene allows the
detection of B. abortus and also eryCD gene regions
facilitate the discrimination of B. abortus field strains
from the S19 vaccine strain 7.

The aim of the present study was to detect
comparatively the presence of anti-Brucella antibody
and Brucella DNA in cow milk. For these purposes, our
previously described LPS-based ELISA method was
adapted to ELISA to detect anti-Brucella antibody in milk *.
Furthermore, eryCD and alkB gene-based PCR assays
using milk DNA as template were developed and used
for determination of the presence of Brucella spp. and
B.abortus and also discrimination of B. abortus field
strains from the vaccine strain S19.

MATERIAL and METHODS

Milk Samples and Milk Whey Preparation

A total of 70 milk samples from cows with unknown
brucellosis status were collected from 8 different open
markets in Samsun (Turkey) between January-March
2008. Seven milk samples from B. abortus isolated
animals and 16 samples from B. abortus S19 vaccinated

cattle were collected. Forty five milk samples from non-
vaccinated cows evaluated as negative with MRT and
whey agglutination tests as described in a previous
study ?* were used as negative controls. Milk whey was
prepared by the addition of 200 pl of commercial liquid
rennet (strength 1: 10000; 0.3%, w/v) to 10 ml of each
milk sample and incubation at 37°C for 30 min until the
coagulation occurred *. Following removal of the casein
by filtration and centrifugation, clear milk whey was
collected and stored at -20°C until use.

B. abortus Strain, Culture, Enumeration
and LPS Preparation

Brucella abortus S19 vaccine strain supplied from
Veterinary Research and Control Institute (Pendik, istanbul)
was grown at 37°C for 3 days on blood agar base (Merck,
Germany). A single smooth colony selected by morphology
and acriflavine agglutination was isolated and cultured
in Brain Heart Infusion Broth (BHI, Oxoid, Cambridge,
UK). Colony count was determined by inoculation of 0.1
ml suspensions from ten-fold serial dilutions onto BHI
agar plates and incubation at 37°C for 24 h.

To prepare B. abortus LPS as an immunodominant
antigen, fresh Brucella culture was inactivated by
formaldehyde (0.5%) and stored at 4°C for 2 days.
Inactivated cells were harvested by centrifugation,
washed three times in physiological saline solution and
LPS was extracted by hot phenol-water method as
previously described by Caroff et al.*.

ELISA Procedure

Indirect ELISA method previously described by Geng
et al.** was adapted to test milk whey. Briefly, micro-
plates were coated with 100 ul of 5 pg/ml of B. abortus
crude LPS prepared in carbonate buffer (0.1 M, pH 9.6)
and kept overnight at +4°C. The microwells blocked
using 200 pl/well of 1% fish gelatine in phosphate
buffered saline (PBS, Sigma Aldrich, St-Louis, USA)
containing 0.1% Tween 20 (FG-PBST) were incubated at
37°C for 1 h. One hundred microliters of milk whey samples
diluted 1:5 in FG-PBST were added to microwells.
Alkaline phosphatase conjugated rabbit anti-bovine 1gG
(Sigma-Aldrich, St-Louis, USA) diluted 1:30 000 were
added and incubated for 1 h at 37°C. After addition of
100 pl of pNPP (p-Nitrophenyl Phosphate, Sigma-Aldrich)
as substrate, and incubation for 1 h at 37°C, the
absorbance was read at 405 nm in ELISA reader (Digital
Analog Systems, DAS RS 232, Rome, Italy). Each assay
was carried out in duplicate.

DNA Extraction

Total milk DNA was obtained with phenol-



chloroform-isoamyl alcohol extraction method as
described by Leal-Klevazas et al.”. Briefly, 400 pl of lysis
solution (2% Triton X-100, 1% sodium dodecyl sulphate,
100 mM NacCl, 10 mM Tris-HCI [pH 8.0]) and 10 pl of
proteinase K (10 mg/ml) were added to 400 pul of samples
taken from the cream layer of each milk. Following
centrifugation, the pellet was rinsed with 1 ml of 70%
ethanol, dried and resuspended in 20 ul of TE buffer
(10 mM Tris-HCI [pH 8.0], 1ImM disodium EDTA).
Concentration and purity of DNA were measured by
absorbance at 260 and 280 nm wavelengths using a UV
spectrophotometer (Helios Gamma, Thermo Spectronic,
Cambridge, UK) and stored at -20°C until use.

PCR Assays

Primer sequences of eryCD and alkB genes and PCR
assay conditions were given in Table 1. PCR was carried
out in a total volume of 50 ul, using 1xPCR buffer, 200 ng
of purified genomic DNA, 20 pmol of each oligo-nucleotide
primer, 2 mM MgClz2, 200 mM of each dNTP and 2.5 U of
Taq DNA polymerase (MBI Fermentas, Germany). To
assess the detection limit of the PCR assay, ten-fold
dilutions of B. abortus S19 vaccine strain in PBS ranging
from 1.0 x 10° to 1.0 x 10" CFU ml* was inoculated into
Brucella negative milk samples. Total DNA extraction
and determination of its concentration were carried out
and PCR assays were performed as described above. The
reactions were performed with a DNA thermocycler
(Biometra-Tpersonal, Géttingen, Germany). PCR products
were separated by electrophoresis on 1.5% (w/v)
agarose gel in 1xTBE buffer, pH 8.0 and visualized under
ultraviolet light after staining with ethidium bromide. A
Gene Ruler™100 bp DNA Ladder Plus (MBI Fermentas)
was used as a DNA size marker.

Statistical Analysis

All statistical analyses were performed at 95%
confidence interval (Cl) by using Win Episcope version
2.0 programme. The cut-off point, sensitivity and
specificity of ELISA were determined using receiver-
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operating characteristic (ROC) analysis. ELISA and PCR
results were compared by test agreement analysis and
evaluated on the basis of kappa (k) value.

RESULTS

Detection of Anti-Brucella Antibody in Milk by ELISA

The cut off value of LPS-based ELISA was determined
as 0.500 at OD405 by ROC analysis on the basis of the
results obtained from 23 positive and 45 negative pre-
evaluated milk whey samples described in details in
material and methods. The sensitivity and specificity of
the test at 95% confidence interval was found 87% and
100%, respectively. Positive and negative predictive
values (PPV and NPV) were detected as 100% and
93.75%, respectively. Area under curve (AUC) being
found 92.42% by ROC analysis demonstrates high
diagnostic performance of ELISA, particularly for its
specificity. When 70 cow milk whey samples were tested
with ELISA, 15 samples (21.4%) were found positive and
55 samples (78.6%) were negative (Table 2).

PCR Analysis for Detecting Brucella eryCD
and alkB Genes

PCR amplification of eryCD gene region was performed
and only an amplification of 904 bp fragment was
detected from 5 (7.1%) out of 70 milk samples (Fig. 1).
These eryCD amplicon positive samples were further
analyzed by alkB gene-targeted PCR to determine
Brucella species and all of these samples were confirmed
as B. abortus by amplification of a 136 bp DNA fragment
(Fig. 2). All positive milk samples contained only wild-
type B. abortus DNA but not B. abortus S19 vaccine strain
DNA, giving only a 202 bp-amplicon (Fig. 1 lane 3).

Determination of Detection Limit of PCR

PCR detection limit was determined as 1.0 x 10° CFU
ml* Brucella DNA from artificially contaminated negative
milk samples by eryCD-targeted PCR.

Table 1. PCR conditions and primers for eryCD and alkB genes

Tablo 1. eryCD ve alkB genleri icin PCR kosullart ve primerler

eryCD gene alkB gene
Cyling Parameters
Temperature Duration Temperature Duration
Initial denaturation 95°C 10 min 95°C 10 min
Denaturation 94°C 30 sec 94°C 15 sec
Annealing 60°C 30 sec 57°C 1 min
Extention 72°C 1 min and 40 sec 72°C 1 min and 40 sec
Final extention 72°C 10 min 72°C 10 min
40 cycles 45 cycles

Primer (F)
Primer (R)

5'-GATCGCCATCGACTGCTGGG-3'
5'-GGTCATCGGCATCGGCCATGGC -3’

5'-GCGGCTTTTCTATCACGGTATTC-3'
5'-CATGCGCTATGATCTGGTTACG-3'
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Table 2. Comparative analysis between ELISA and PCR results
Tablo 2. ELISA ve PCR sonuglarinin karsilastirmalt analizi

ELISA Results

PCR Test

Results Positive Negative Agreement
(n=15) (n=55)

Positive (n=5) 1 4 k= -0.008

Negative (n=65) 14 51 (-0.202/+0.186)

® Values in parenthesis indicate lower and upper kappa values

DA
bp
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Fig 1. Gel electrophoresis of Brucella eryCD genes region
amplicon from total DNA of cow milk. Lane 1: 100 bp DNA
ladder; Lane 2: B. abortus field strain (904 bp); Lane 3: B. abortus
S19 vaccine strain (202 bp); Lane 4-7: positive milk samples
Sekil 1. inek siitii total DNA'sindan cogaltilan Brucella eryCD
gen bolgesi jel elektroforezi. Siitun 1: 100 bp DNA belirteci;
Siitun 2: B. abortus saha susu (904 bp); Stitun 3: B. abortus S19
asl susu (202 bp); Sutun 4-7: pozitif sit drnekleri
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Fig 2. Gel electrophoresis of B. abortus alkB gene amplicon
from total DNA of cow milk. Lane 1: 100 bp DNA ladder; Lane 2:
B. abortus field strain (136 bp); Lane 3-7: positive milk samples

Sekil 2. inek siiti total DNAsindan cogaltilan B. abortus alkB
geni jel elektroforezi. Siitun 1: 100 bp DNA belirteci; Siitun 2: B.
abortus saha susu (136 bp); Stitun 3-7: pozitif siit 6rnekleri

DISCUSSION

Serological tests such as MRT and ELISA are widely
used for the detection of anti-Brucella antibody in
milk "**?””. However, MRT often causes wrong results *®
and its sensitivity and specificity have been found lower
than ELISA methods "**?. Because of accuracy and less
cross-reactions in determining Brucella antibody in milk
and serum, LPS-based ELISA is preferentially used *”.
We adapted a previously described LPS-based ELISA ** to
milk antibody detection and determined its cut-off value
as 0.500 at ODaos by ROC analysis in order to obtain a
specificity of 100%. Although its sensitivity decreased to
87%, percentage of Brucella antibody positivity of the
milk samples tested in this study was found 21% and
considered as high for Samsun region, where vaccination
against brucellosis is rarely applied.

Based on these results, PCR amplification targeting
the genus and species-specific genes, eryCD and alkB,
was performed to determine and confirm the presence
of Brucella DNA in milk samples. Brucella eryCD gene-
targeted PCR was carried out not only for detecting
Brucella spp. DNA in milk samples but also for
discriminating DNA of wild-type B. abortus, from S19
vaccine strain DNA as described in earlier studies ***,
In this study, amplification of a 904 bp fragment by eryCD
gene-targeted PCR demonstrated the presence of the
wild-type Brucella DNA in 5 milk samples. Detection of
an amplicon of 136 bp by alkB gene-targeted PCR
from the same samples allowed, however, identifying
the presence of B. abortus DNA. Furthermore, no
amplification of a 202 bp fragment by eryCD gene-
targeted PCR confirmed only the presence of B. abortus
wild-type strain in the same samples but not the S19
vaccine strain containing a deletion of 702 bp. From these
results, it can be proposed that eryCD in follows alkB
genes-targeted PCRs would be used as screening and
differentiating molecular diagnostic tests for investigation
of brucellosis status of the animal from milk.

When PCR results were compared with ELISA results,
51 milk samples were detected as negative with both
tests (Table 2). While 15 samples were found positive in
ELISA, only one sample of them was detected as positive
by PCR. In the same manner, among 5 PCR positive
samples only one sample was detected as positive in
ELISA. As seen in Table 2, statistical analysis showed no
agreement between both ELISA and PCR test results
because the kappa value was significantly lower than 1.
Our findings were similar to that of Romero et al.*
reporting that 7 PCR negative samples were found
positive in ELISA, and only one ELISA negative sample
was detected as positive by PCR. This difference can be



due to i) long term persistence of anti-Brucella antibody
without presence of the disease agent in milk or ii)
relatively low detection limit of PCR. Because detection
limit of eryCD gene-targeted PCR was determined as 1.0
x 10° CFU ml?, it is possible that some milk samples
containing bacteria less than the detection limit failed to
be found as positive. On the other hand, no detection of
Brucella DNA by PCR in majority of the ELISA positive
samples could be explained by having samples from
animals in their chronic phase of the disease.

The consumption of contaminated milk and milk
products is one of the main transmission ways of
pathogenic Brucella strains to humans. For that reason,
fast and accurate evaluation of brucellosis status of the
milk and its products is paramount for public health. In
conclusion, as significantly different results were
obtained by the detection of anti-Brucella antibody and
Brucella DNA in cow milk, the present study suggests
that accurate evaluation of brucellosis status of cow
milk and discrimination of B. abortus field strains
from the vaccine strain S19 would be assured by
simultaneous use of both ELISA and PCR assays.
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Summary

In this study, totally 105 Orgii Cheese samples were analyzed in terms of total mesophilic aerob bacteria, coliform bacteria,
Escherichia coli, Escherichia coli 0157, Stapyhlococcus-Micrococcus spp., Lactobacillus spp., Lactic streptococcus, mould, yeast,
Salmonella spp. and Listeria spp. The contamination rate of coliform bacteria, E. coli, E. coli 0157, Staphylococcus-micrococcus
spp., mould, yeast, and Listeria spp. were found 80.00%, 65.71%, 7.62%, 84.76%, 32.38%, 93.33%, and 2.86%, respectively.
Salmonella spp. could not be determined in any of samples. The resistance to antibiotics of E. coli and E. coli 0157 were also
examined. It was concluded that Orgii Cheese may be contaminated with some microorganisms during production or selling.
These contaminations also may cause important public health risks.

Keywords: Orgti cheese, Microbiological properties, Quality, Antibiotic resistance

Orgii Peyniri Orneklerinde Mikrobiyolojik Kalitenin incelenmesi

Ozet

Bu calismada toplam 105 adet 6rgu peyniri 6érnegi toplam mezofilik aerob bakteri, koliform bakteri, Escherichia coli,
Escherichia coli 0157, Staphylococcus-Micrococcus spp., Lactobacillus spp., laktik streptokoklar, kif, maya, Salmonella spp. ve
Listeria spp. mikroorganizmalari yéninden analiz edilmistir. Analiz edilen 6rgli peynirlerinde koliform bakteri, Escherichia coli,
Escherichia coli 0157, Staphylococcus-Micrococcus spp., Kuf, maya ve Listeria spp. kontaminasyonu orani sirasiyla % 80.00, %
65.71, % 7.62, % 84.76, % 32.38, % 93.33 ve % 2.86 diizeyinde bulunmustur. Orneklerin hicbirinde Salmonella spp. tespit
edilememistir. E. coli ve E. coli 0157 'nin antibiyotiklere olan direncleri ayrica incelenmistir. Orgli peynirlerinin Giretim ve satig
sirasinda bazi mikroorganizmalar ile kontamine olabildigi sonucuna varilmistir. Bu kontaminasyonlar da énemli halk saghgi
risklerine neden olabilir.

Anahtar sézciikler: Orgti peyniri, Mikrobiyolojik 6zellikler, Kalite, Antibiyotik direnci

INTRODUCTION

In Turkey, there are more than 130 types of cheese
and its derivatives which differ in terms of regions and
their production techniques. Orgii Cheese (Braided
Cheese) is a special type of cheese that is specific to
Southeastern Anatolia Region; it is produced using
conventional methods primarily in Diyarbakir and in
large parts of other cities such as Mardin, Siirt, Sanliurfa
and Van provinces. Orgii Cheese constitutes the 60-65%
of the cheese consumption in the region *. However, in

the recent years, Orgii Cheese has been produced in
many production facilities located in Thrace, Eastern
Anatolia, and Central Anatolia regions and is offered in
the market all around Turkey **.

Especially, ewe’s milk is preferred in the production
of Orgii Cheese. Also goat’s and cow’s milk are used
where ewe’s milk is not available or available at scarce
amounts. In the production of the Orgii Cheese with
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conventional methods, the curd, which is formed as a
result of fermentation of milks at milking temperature,
is drained and the obtained curd is left for fermentation.
After the pH has fallen to approximately 5, scalding at
70-80°C in 3% saline water for 5-6 minutes is performed.
Scalded and melted cheese is kneaded to give it an 6rgi
shape. Orgii Cheese can either be consumed freshly or
be offered for consumption after it has been ripened in
brine solutions containing salt by 10-12% **. Orgi
Cheese, which is shaped as a braid, rich in terms of fat,
homogenous and having elastic consistency, is accepted
to be similar to the White Cheese (Feta Cheese) in terms
of its composition, similar to the Circassian Cheese in
terms of its taste, and similar to the Kashar, Abkhasian,
and Maras Cheeses in terms of its production technology
including the scalding operation in its manufacturing
process *.

Orgii Cheeses that are offered for consumption in
Diyarbakir province are generally produced by
conventional methods in enterprises without modern
technology and under relatively low hygienic conditions;
their compositions and quality vary depending on the
experiences and working conditions of the masters
performing the production. Because this non-standard
production style is excessive, products with different
compositions and quality are offered for sale. In the
research studies conducted on the composition of the
Orgii Cheese, it has been reported that total dry matter
is 42.70-54.64%, fat is 14.72-17.84%, protein is 15.83-
21.69%, ash is 6.43-8.01%, salt is 5.45-6.03%, and
titrable acidity (% lactic acid) is 0.34-0.80 **.

In this study it is aimed at determining the micro-
biological characteristics of brined Orgii Cheeses that
are offered for consumption in Diyarbakir and evaluating
the probable public health risks. Antibiotic resistances of
E. coli and E. coli 0157 microorganisms that are detected
in the Orgii Cheese samples are also tested.

MATERIAL and METHODS

Collection of the Sample

In Diyarbakir province, 105 Orgii Cheese samples that
had been sold without packaging were collected from
several markets and delicatessens into sterile sample
collection bags at 250 g amounts. The analyses were
started immediately after the samples were brought to
the laboratory under cold conservation conditions (4°C ).

Microbiological Analyses

In the process of microbiologic analyses of Orgii
Cheese samples, 10 g sample taken under aseptic

conditions was homogenized using 90 ml of 0.1%
peptone water. Preparing decimal dilutions, the
appropriate medium was inoculated by standard analysis
methods. For the count of total mesophilic aerobic
bacteria (TMAB), Plate Count Agar was inoculated using
pour plate method and reproduced colonies were
counted after 48 h of incubation at 37°C . Violet Red
Bile Agar (Oxoid CM107) was used for the purposes of
isolating coliform bacteria. Red violet colored colonies
of 2-3 mm diameter were counted after 24 hours of
incubation at 37°C which was realized after inoculation
with double layer pour plate inoculation method 7. TBX
agar (Oxoid CM945) was used for the purposes of E. coli
isolation. After 4 h of incubation at 30°C and 18 h of
incubation at 44°C green colored colonies were evaluated.
Serologic tests were applied to all E. coli strains using
Oxoid Dryspot E. coli 0157 (DRO120M) test kit ®. In order
to count Staphylococcus-Micrococcus spp., 48 h of
incubation at 37°C was applied in the egg yolk telluride
emulsion added Baird Parker Agar Base (Oxoid CM275 +
SR54) medium 7. Man-Rogosa Sharpe Agar (Oxoid
CM361) was used in the counting process of lactic acid
bacteria and after 48 hours of incubation at 30°C, gray-
white colonies of 0.5-2.5 mm diameter were evaluated ’.
M17 Agar (Oxoid CM785) was used in the counting
process of lactic streptococci and they were evaluated
after 48 h of incubation at 37°C ®. Potato Dextrose Agar
(Oxoid CM139) was used in the counting process of
mould and yeast and the counts were realized after 5
days of incubation at 25°C which started after inoculation
by spread plate method ®.

For the purposes of Salmonella spp. pre-enrichment,
25 g Orgii Cheese sample was incubated for 24 h at 35°C
by adding buffered peptone water (Merck 1.07228).
Taking 1 ml of pre-enrichment liquid, this amount was
kept in Tetrathionate Broth (Oxoid CM0029) and Selenite
Cystine Broth (Oxoid CM0699) at 35°C for 24 h and as
selective media, XLD agar (Oxoid CM0469) and Salmonella
Shigella Agar (Oxoid CM0099) were inoculated.
Biochemical and serologic tests were applied to the
typical colonies that reproduced in the selective agar
media after 24 h at 35°C. In the isolation process of
Listeria spp., by adding 225 ml of Buffered Listeria
Selective Enrichment Broth (Oxoid CM897) into 25 g
cheese sample, the test material was incubated for 48 h
at 30°C. Oxford Listeria Selective Supplement (Oxoid
SR0140) added Listeria Selective Agar Base (Oxford)
(Oxoid CM0856) medium was inoculated as a selective
medium and after 48 h of incubation at 35°C black-
haloed, small, brown-black, and swollen colonies were
assessed to be under suspicion of being Listeria spp.
Gram staining, motility, catalase, oxidase, urease, esculin,
voges-proskauer, methyl red, sugar, hemolysis, and
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CAMP tests were also applied to these colonies ®**,
Antibiotic Sensitivity Tests

Antibiotic sensitivity tests were applied to E. coli and
E. coli 0157 bacteria that were isolated from the Orgii
Cheese samples. Sensitivity tests of these bacteria to
Cefazolin, Ciprofloxacin, Clindamycin, Erythromycin,
Gentamicin, Ofloxacin, Oxacillin, Rifampin, Tetracycline,
Trimethoprim + Sulfamethoxazole, and Vancomycin
were conducted using “BD Phoenix™ 100 Automatic
Microbiology Identification System” in accordance with
the instructions of the manufacturer firm (BD Diagnostic
Instrument Systems, Sparks, MD, USA).

Phoenix ID/AST Panel

“BD Phoenix™ 100 Automatic Microbiology
Identification System” is a device which is designed for
rapid identification (ID) of the bacteria and antimicrobial
sensitivity tests (AST). In this system, 100 identification
and antimicrobial sensitivity tests can be conducted. The
ID part of the system contains a series of conventional,
cromatogenic, and florogenic biochemical materials to
determine the bacteria identification. Phoenix AST
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method is a bouillon based micro-dilution test which is
used for antimicrobial sensitivity measurement. In the
ID part of the device, there are 45 shafts and 2 fluorescent
control shafts which contain dried chemical substrates.
In the AST part, the device has 84 shafts and reproduction
control shafts which contain dried antimicrobial agents.
The device operates by locating the prepared pure
cultures in the device according to the manufacturer
firm’s instructions and it performs the evaluations in full
automatic system.

RESULTS

In this study, 105 Orgii Cheese samples were analyzed
in terms of presence and contamination levels of TMAB,
coliform bacteria, E. coli, E. coli 0157, Staphylococcus-
Micrococcus spp., Lactobacillus spp., lactic streptococci,
mould, yeast, Salmonella spp., and Listeria spp. For the
Orgii Cheese, the microbial contamination rates were
given in Table 1, the presence of microorganisms was
given in Table 2, and the resistance of E. coli and E.
coli 0157 strains to various antibiotics were given in
Table 3.

Table 1. Microbial Contamination Rates in the Orgii Cheese Samples (percent, %)
Tablo 1. Orgii peyniri 6rneklerinde mikrobiyel kontaminasyon oranlart (yiizde, %)

Contamination Rate

. . Sample
Microorganism Number (n) —— "
ositive (n) %

Coliform bacteria 105 84 80.00
E. coli 105 69 65.71
E. coli 0157 105 8 7.62
Staphylococcus-Micrococcus spp. 105 89 84.76
Mould 105 34 32.38
Yeast 105 98 93.33
Salmonella spp. 105 Non detectable 0.00
Listeria spp. 105 3 2.86

Table 2. Presence of microorganisms in the Orgii Cheese samples (cfu/g)

Tablo 2. Orgii peyniri érneklerindeki mikroorganizma varlig

Contamination Rate (cfu/g)

. . Sample

Microorganism Number (n) — -

Minimum Maximum Average
TMAB 105 1.0x10° 2.4x10° 1.6x10°
Coliform bacteria 105 2.0x10* 7.8x10° 3.6x10*
E. coli 105 1.0x10* 4.9x10* 5.0x10°
Staphylococcus-Micrococcus spp. 105 2.0x10? 1.0x10’ 1.4x10°
Lactobacillus spp. 105 1.0x10* 9.2x107 3.4x10°
Lactic streptococci 105 1.0x10* 1.4x10° 3.7x10°
Mould 105 1.0x10? 2.6x10* 2.2x10°
Yeast 105 1.0x10? 3.7x10° 3.1x10*
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Table 3. Some antibiotics resistance of detected E. coli and E. coli 0157 bacteria in the orgu cheese

Tablo 3. Orgii peyniri érneklerinde tespit edilen E. coli and E. coli 0157 bakterilerinin bazi antibiyotiklere direnci

E. coli (n=69)

E. coli 0157 (n=8)

Antibiotic S R I S R I

n % n % n % n % n % n %
Amikacin 69 100.00 - - - - 8 100.00 - - - -
Amoxicillin-Clavulanate 69 100.00 - - - - 8 100.00 - - -
Ampicillin 53 7681 16 2319 - - 7 87.50 1 12.50 - -
Cefazolin 69 100.00 - - - - 8  100.00 - - - -
Cefepime 59 8551 - - 10 1449 6 75.00 - - 2 25.00
Cefoperazone-Sulbactam 62  89.86 - - 7 10.14 7 87.50 - - 1 12.50
Cefotaxime 69  100.00 - - - - 8 100.00 - - - -
Cefoxitin 69 100.00 - - - - 8 100.00 - - - -
Ceftazidime 69 100.00 - - - - 8  100.00 - - - -
Ciprofloxacin 69 100.00 - - - - 8  100.00 - - - -
Gentamicin 69  100.00 - - - - 8 100.00 - - - -
imipenem 69 100.00 - - - - 8 100.00 - - - -
Levofloxacin 69 100.00 - - - - 8  100.00 - - - -
Meropenem 69  100.00 - - - - 8  100.00 - - - -
Piperacillin 55 7971 - - 14 20.29 8 100.00 - - - -
Piperacillin-Tazobactam 69 100.00 - - - - 8 100.00 - - - -
Trimethoprim-Sulfamethoxazole 49  71.01 20 28.99 - - 6 75.00 2 25.00 - -

S: Sensitive; R: Resistance; I: Intermediate

DISCUSSION

With this study, samples of Orgii Cheese, which were
offered for consumption in Diyarbakir, were analyzed in
terms of the presence of various microorganisms and
their counts. Akyuz et al.’, Ozdemir et al.?, Aksu et al?,
and Turkoglu et al.* have detected the count of TMAB in
Orgii Cheeses as 1.6x10° cfu/g, 1.0x10” cfu/g, 3.9x10°
cfu/g, and 6.89 log cfu/g respectively. In our study the
count of TMAB was detected to be 1.6x10° cfu/g, which
is higher than the results obtained by other researchers
in their studies on the Orgii Cheese.

In this research, coliform bacteria contamination was
detected to be 80% and the average count of coliform
bacteria was 3.6x10° cfu/g. In their study, Aksu et al.* have
reported the count of coliform bacteria to be 3.2x10?
cfu/g and the contamination level to be 78%. In other
research studies conducted on Orgii Cheeses, the count
of coliform bacteria was reported to be 9.5x10* cfu/g by
Akyuz et al.’, 3.7x10* cfu/g by Ozdemir et al.?, and 3.73
log cfu/g by Turkoglu et al.’. In this study of ours, E. coli
and E. coli 0157 contamination were detected to be
65.71% and 7.62% respectively, where the count of E.
coli was found to be 5.0x10° cfu/g. Aksu et al.? reported
E. coli contamination to be 34% and the count of E. coli
to be 4.3x10 cfu/g. In several types of cheeses E. coli
0157:H7 level was detected to be 1% by Akkaya et al.**
and Aslantas and Yildiz ?, 2% by Aksu et al.**, 3.2% by

D’Aubert et al.** and 3.33% by Gonul *. The results that
we have found are also higher than these values.

E. coli and E. coli 0157 strains that were detected in
this study were analyzed in terms of their resistance to
various types of antibiotics. All E. coli strains isolated
from the Orgii Cheese samples were determined to
be sensitive to amikacin, amoxicillin-clavulanate,
cefazolin, cefotaxime, cefoxitin, ceftazidime, ciprofloxacin,
gentamicin, imipenem, levofloxacin, meropenem, and
piperacillin-tazobactam. However, in addition to these
antibiotics, E. coli 0157 strains were determined to be
sensitive to piperacillin. In terms of resistance, 23.19%
of E. coli and 12.50% of E. coli 0157 strains were detected
to be resistant to ampicillin, and, their resistance to
trimethoprim-sulfamethoxazole was detected to be
28.99% and 25.00% respectively. Strains of E. coli were
detected to be semi-resistant to cefepime by 14.49%, to
cefoperazone-sulbactam by 10.14%, and to piperacillin
by 20.29%; however strains of E. coli 0157 were detected
to be semi-resistant to cefepime by 25.00%, and to
cefoperazone-sulbactam by 12.50%.

In this research, average counts of TMAB, coliform
bacteria and E. coli in the analyzed Orgii Cheeses
were found to be higher than the similar studies. It
was considered to be originated from bad raw material,
production conditions which were neither modern
nor hygienic, unsuitable conditions storage, low
salt concentration, non-hygienic equipment, and



contaminations induced by the environment and
personnel.

Several researchers report Staphylococcus aureus
borne intoxications arising from cheese consumption *,
The Orgii Cheeses analyzed in our study were also
analyzed in terms of Staphylococcus-Micrococcus spp. to
give an idea about their hygienic quality. In this research,
the contamination level of Staphylococcus-Micrococcus
spp. in the Orgii Cheeses was found to be 84.76% and
their count was found to be 1.4x10° cfu/g. These results
were higher than both the result of Ozdemir et al.?
which was 2.2x10* cfu/g and the result of Aksu et al.?
which was 1.0x10° cfu/g. The fact that the Staphylococcus-
Micrococcus spp. count was high is assessed as the
exposure of the Orgii Cheese to environmental and
personnel related contaminations in the production and
sale stages.

Lactic acid bacteria constitute the dominant flora of
the cheese *. Average Lactobacillus spp. and lactic
streptococci counts in the Orgii Cheeses offered in
Diyarbakir for consumption were detected to be 3.4x10°
cfu/g and 3.7x10° cfu/g, respectively. However Turkoglu
et al.® and Ozdemir et al.? were detected the average
count of lactic bacteria to be 6.78 log cfu/g and 1.0x10’
cfu/g, respectively. The results we have found are lower
than those of these researchers.

Since moulds can develop in a very wide range of
pH, water activity and temperatures, they develop in
cheese easily and cause appearance, odor, and taste
deformations. Hence, they are analyzed by many
researchers in various cheeses **. On the other hand,
yeasts lower the quality of the cheese by forming pores
and they cause the deformation which is called early
swelling. Therefore they are not desired to be present in
the cheeses *°. High mould and yeast counts are
reported to be caused by not following the hygienic
rules in the period from the production to the marketing
of the cheese *'. In this research, mould and yeast
contamination in the Orgii Cheese samples were detected
to be 32.38% and 93.33%, respectively. In their studies,
Akyuz et al.®’, Ozdemir et al.?, Aksu et al.?, and Turkoglu
et al.* reported the count of mould-yeast in the Orgii
Cheeses as 1.7x10° cfu/g, 1.0x10° cfu/g, 4.9x10* cfu/g, and
5.45 log cfu/g, respectively. In our study, the average
mould count was detected to be 2.2x10° cfu/g and the
average yeast count was detected to be 3.1x10* cfu/g.
These results are lower than those results of other
researchers. In the studies regarding mould and yeast
counts, different results have been reported in terms of
Lactobacillus spp. It is possible that this situation is
originated from the production techniques, ripening
period, and differences in conservation and sale conditions.
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In this research, the counts of TMAB, coliform, E.
coli, mould, yeast, and presence of Listeria spp. in the
analyzed Orgii Cheeses are higher than the maximum
allowable values provided in the Turkish Food Codex
Microbiological Criteria Notification %.

The number of research studies conducted on Listeria
spp. and Salmonella spp. contaminations in Orgii Cheeses
was limited. It has been reported that 29 of 60 mass
intoxication events observed in the Europe after 1980 as
a result of milk and dairy products consumption were
originated from Salmonella spp. and 10 of these events
were originated from Listeria *. Listeria monocytogenes
was deemed responsible for 25 of 55 mass intoxication
events in the United States of America and an intoxication
case that caused the death of 48 people as a result of
cheese consumption in Mexico ***. In this research,
although Listeria spp. contamination was detected to be
2.86%, Salmonella spp. were not detected in any of the
samples.

Which is one of basic food items as cheese and raw
milk is a good environment for the development of
various microorganisms *. With this research determined
that the Orgli Cheeses offered to the market for
consumption in Diyarbakir were low quality and
contaminated with pathogen. These contaminations
also may cause important public health risks. We
concluded that standardization of the Orgii Cheese
production, the use of high quality raw materials,
production in modern enterprises and hygienic conditions,
conservation in cold, prevention of without package
sales, good and hygienic sale applications, and
vacuumed packaging or packaging under modified
atmosphere will be effective in prevention of the
probable dangers in terms of public health.
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Kefal Baligi Sucuklarinda Duyusal ve Besin
Kompozisyonun Belirlenmesi
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Ozet

Bu calisma kefal baligi (Mugil cephalus)'ndan sucuk Uretmek amaciyla yapilmistir. Kefal baliklar1 taze olarak balik halinden
alinmistir. Farkl iki grup sucuk formulasyonu Kullanilmugtir. Birinci sucuk grubu; %100 balik etinden, ikinci sucuk grubu %75
balik eti ile %25 dana etinden olusturulmustur. Her iki grupta da olgunlastirilan sucuklar, derin yagda kizartma teknigi
uygulanarak pisirilmistir. Cig ve pismis sucuklarin duyusal ve besin kompozisyonundaki degisimler incelenmistir. Duyusal analiz,
pH degerleri ve olgun sucuklarin besin degerlerinde, iki sucuk grubu arasinda farklilik tespit edilmemistir (P>0.05). Kizartilmis
sucuklarin protein ve yag miktari; %100 balik eti iceren sucuklarda, dana eti karistirilanlara oranla daha yiksek bulunmustur
(P<0.05). Sonug olarak kefal baligindan tiketicinin alisik oldugu lezzette sucuk Uretilebilmektedir. Kizartma uygulamasinin
besin kompozisyonundaki etkisi, nitelik bakimindan kabul edilebilir bulunmustur. Béylece bilinen sucuk uygulamalarina balik
etinin de karistirlmasinin uygun oldugu saptanmistir. Balik sucugu uretimi icin ¢alisiimasi énerilmektedir.

Anahtar sézciikler: Besin kompozisyonu, Balik sucugu, Duyusal analiz, Protein, Yag

Determination of Sensory and Nutrient Composition
at Mullet Fish Sausage

Summary

The aim of this study was produced sausage from mullet fish (Mugil cephalus). Mullet fish were bought freshly from fish
market. Two different groups’ sausages were formulated. Primary sausage group, 100% fish meat and the second group,
75% fish meat with 25% calf meat were made by mixing. Each group maturations sausages were cooked with deep fat-frying
techniques. Freshly and cooked sausages was investigated of sensory changes and nutrient composition. Sensory analyses, pH
values and mature sausages’ nutrient composition of between two sausages groups were not differents P>0.05). The cook
sausages were including of 100% fish meat of protein and fat values higher than calf meat sausages (P<0.05). As a result, will
be produced sausage our traditional taste in accordance with mullet fish; often the preferred frying application was
established that acceptable in the view of nutrient composition creates changes. In addition to, we are fair enough foresight
that fish meat can to be in with calf meat sausage such as poultry applications of consumer habits.

Keywords: Nutrient composition, Fish sausage, Sensory analysis, Protein, Lipid
GiRiS

GUnumuzde, hazir gidalarin tiiketicinin damak tadina  ve doymamis yag icerigi su Urinlerinin, dzelikle de balik-
uygun ve ekonomik olmasinin yani sira saglikh bir sekilde  larin insan beslenmesindeki 6nemini artirmaktadir *.
Uretilmesi saglanmaktadir. Saglkli beslenmek igin pro-  Gidalarin hayvansal kaynakl olmasi saglikli beslenme
tein gereksiniminin Ugte birinin hayvansal kaynakh olmasi  gerekliligini daha 6nemli hale getirmis ve hem halkin
gerekmektedir. Zengin protein, mineral madde, vitamin  damak tadina uygun hem de ekonomik driinler olustu-
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rulma gabalarini arttirmistir.

Su drinleri 6zellikle denize kiyisi olan ulkelerde farkh
sekillerde tuketilirken, Turkiye’de taze tiketim alis-
kanligi, islenmis Uriinlerden fazladir. islenmis Grinlerin
de ¢ogu yurt iginde tiiketilmeyip, yurt disina gonderil-
mektedir. Bunun nedeni tiiketicinin taze ve islenmemis
Urdndn saglkh olduguna inanmasi ve damak aliskan-
ligidir. Buna bagl olarak av sezonu disinda halk balik
etinden yoksun kalmakta veya av yasaklari delinerek
tirlerin korunmasi giiglesmektedir. islenmis su driinle-
rinin Ulkemizdeki tiketimini arttirmak; hem her mevsim
ve her bolgede su Grind tiiketilmesini, hem de baliklarin
Uremesini ve gelecek nesillerin de su Urilinlerinden yarar-
lanmasini saglayacaktir.

islenmis su Griinlerinde iyi bir planlama ile giivenli,
ekonomik ve tiiketicinin beklentilerine uygun lezzette
trtinler gelistirilmektedir. Ozelikle tiiketimi daha az olan
baliklar farkli isleme teknikleriyle degerlendirilip, seve-
rek tiketilen Grlinler olusturulmaktadir. Bu Grilinler ice-
risinde balik sucugu ** ve balik sosisi de *® yer almaktadir.

Bu calismada, denizlerimizde yaygin dagilim goster-
mesine karsin tiketimi az olan kefal baliklarindan, sucuk
yapilabilirligi arastirilmistir.

MATERYAL ve METOT

Calismada Balik Hali’'nden taze olarak temin edilen
toplam 5 kg agirhgindaki kefal baliklari (Mugil cephalus)
kullaniimistir. Baliklarin i¢ organlari gikartilip temizlen-
dikten sonra fileto haline getirilmislerdir. Fileto halindeki
etler kiyma makinesinden gegirilmislerdir. Elde edilen
kiyma teknolojiye uygun olarak cesitli baharatlar ile
karistirilmis ve iki grup sucuk hamuru yapilmistir. 1. Grup
sucuk hamuru; %100 balik etinden, Il. Grup sucuk hamu-
ru ise; %75 balik eti ile %25 dana etinden karisimindan
yapimistir (Tablo 1). Sucuk hamurlari mayalanmalari igin
24 saat sireyle +4°C’de muhafaza edilmistir.

Mayalanan sucuk hamurlari, 36 kalibre yapay (kolla-
jen) sucuk kiliflarina doldurulmuslardir. Dolumu sonrasi
sucuklar; nem, sicaklik ve hava akimi kontrollt sartlar
altinda alti gtin boyunca olgunlastirilmistir (Tablo 2).
Olgulasmis Grilinler bir giin buzdolabinda +4°C sicaklikta
muhafaza edildikten sonra duyusal ve kimyasal analizleri
yapilmistir.

Duyusal Analizler

Duyusal analizler on panelist tarafindan gergeklesti-
rilmistir. Panelistler ¢ig sucuklarda, kesit ylizey rengi ve
gorlinlis, her iki grupta da pismis sucuklarda tat ve
aroma, tekstiir, genel begeni agisindan degerlendirme

Tablo 1. Sucuk formiilasyonu
Table 1. Sausage formulation

Sucugun Bilesimi Miktari (%)

Et (Balk, Balik + Dana) 85.75
Yag* 5.00
Tuz 1.75
Kirmizi biber 1.70
Zencefil 0.55
Yenibahar 0.25
Sarimsak 2.00
Toz seker 0.52
Nisasta 0.90
Karabiber 0.50
Targin 0.55
Kimyon 0.50
Sodyum nitrit 0.01
Potasyum sorbat 0.02
Toplam 100.00

* Yag bilesimi = aycicek yagt ¥2 + kuyruk yagt %2

Tablo 2. Kefal baligt sucuklarinin olgunlagtirma ortam kosullart
Table 2. Mullet fish sausage of ripening environment conditions

Zaman Rutubet Sicakhk Hava Akimi
(Giin) (%) (°C) (m/sn)

1 90 22 1-2

2 87 20 1-2

3 84 19 1-2

4 81 18 1-2

5 78 17 1-2

6 75 15 1-2

yapmislardir. Her iki sucuk grubunun ornekleri, iki dakika
slireyle kizartilarak panelistlere sunulmustur. Panelist-
lerin degerlendirmelerinde ise; 1-3 (cok koti - kabul edi-
lemez), 4-5 (orta), 6-7 (iyi), 8-9 (¢cok iyi) puan araligindaki
hedonik skala kullaniimistir 7.

Kimyasal Analizler

Kimyasal analizler ¢ paralelli olarak gercgeklestiril-
mistir. Cig balik etinde, sucuk hamurunda, olgunlasmis
balik sucugunda ve pisirilmis (yagda kizartma) sucuk
orneklerinde; pH &, su °, protein *, yag *, ve kil ° analiz-
leri yapilmistir. Karbohidrat ve enerji degerleri ise mate-
matiksel yéntemlerle hesaplanmistir .

istatistik Analizler

Calisma sonucunda elde edilen bulgularin Microsoft
Excel ve SPSS 16.0 paket programlarinda istatistik
hesaplari yapiimistir.

BULGULAR

Calismada taze kefal baliklarindan elde edilen I. ve Il.



grup sucuklarin organoleptik analizleri sonucunda elde
edilen puanlarin ortalama sonuglari (Tablo 3) incelendi-
ginde, iki Girlin grubu arasinda istatistiksel agidan bir fark
bulunmamistir (P>0.05).

Calismada pH degeri balik etinde 5.75 ve kirmizi ette
5.74 bulunmustur. Birinci ve ikinci grubun pH degerleri
sirastyla hamurlarinda 5.70 ve 5.71, olgun sucuklarinda
5.34 ve 5.36, pismis sucuklarinda ise 5.30 ve 5.33 olarak
tespit edilmistir. Olgunlasmis sucuk ve pismis sucuk
orneklerindeki pH degerlerinin sucuk hamurlarina gore
daha dustik oldugu tespit edilmistir (P<0.05).

Besin degeri analizleri bulgularimiza gore; ham-
madde (balik ve kirmizi et) ve Uriin (olgunlasmis) ile
tiketim (pisirme) asamalarinda sirasiyla su oranlarinda
azalma; protein, yag, kiil ve karbohidrat oranlarinda ise
artis saptanmistir (Tablo 4). Balik ve kirmizi etin besin
degerleri incelendiginde istatistiksel agidan tumu farkl
bulunmustur (P<0.05). Her iki sucuk grubunda 6rnekle-
rin su degerleri arasindaki farkliliklar (sucuk hamuru,
olgunlasmis sucuk ve pisirilmis sucuk Griinleri arasinda)
onemli bulunmustur (P<0.05). Su igerigi bakimindan |I.
sucuk grubu ile II. sucuk grubunda, hamur ve olgunlas-
mis ¢ig Urunler farklilik géstermemistir (P>0.05). Protein
ve yag degerlerinin, her iki sucuk grubunda da (sucuk
hamuru, olgun sucuk ve pisirilmis sucuk Urunleri arasin-
da) anlamh oldugu goérilmektedir (P<0.05). Karbohidrat
ve kil bulgularinin, iki sucuk grubu arasinda istatistiksel
acidan 6nemli (P<0.05); iki gruptaki sucuk hamuru,
olgunlasmis ¢ig sucuk ve kizartilmis Grilinler arasinda ise
O6nemsiz oldugu tespit edilmistir (P>0.05).

Tablo 4. Sucuk gruplarinin besin degeri analiz sonuclart
Table 4. Nutrient value result of groups of sausages
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Tablo 3. Sucuk gruplarinin duyusal analiz sonuglart
Table 3. The sensory result of groups of sausages

Duyusal Ozellikler

(Ci§ Sucuk) I-B Grubu II-B Grubu
Kesit Yiizey Rengi 85+03* 8.3+03°
Kesit Ylzey Gorlnusu 8.8+0.2° 8.1+0.2°
Genel Begeni 87+02* 8.2+03°
Duyusal Ozellikler I-C Grubu 1I-C Grubu
(Pismis Sucuk)

Tat ve Aroma 8.4+0.2* 7.8+0.2
Tekstur 8.2+0.2° 7.8+0.2°
Genel Begeni 83+0.1° 7.8+0.1°

* Ortalama tstandart hata n = 6, B: Olgunlasmis Cig Sucuk, C:
Pismis (yagda kizartilmug) Sucuk, 1-3 (cok kétii - kabul edilemez),
4-5 (orta), 6-7 (iyi), 8-9 (cok iyi) (7)

Aynt satirda aynt yiizde Uriin degerleri arasinda farklu lstel
harflerle ifade edilen degerler arasindaki farklar istatistiksel
agtdan énemlidir (P<0.05)

TARTISMA ve SONUC

Duyusal analiz bulgularina (Tablo 3) gore; I. grubun
kesit ylizey rengi ve ylizey gorlinlisi Il. gruptan yiksek
degerde bulunmasina karsin istatistiksel acidan onemli
bulunmamistir (P>0.05). Tlketici tarafindan ¢ok bilinme-
mekle beraber, balik etinin sucuk olarak degerlendirildigi
¢alismalar bulunmaktadir. Sazan ? ve giimis * balklarin-
dan sucuk uretilerek duyusal ve besin kompozisyonu
arastirilmistir. Calismamizda kefal etinden elde edilen
sucugun genel begeni puanlari ¢ok iyi olarak degerlen-

I. Grup (%100 Balik)

II. Grup (%75 Balik + %25 Dana)

g:sg"i:ri Balik Eti Kirmizi Et

I-A Grubu I-B Grubu I-CGrubu II-A Grubu II-B Grubu  II-C Grubu
Su 77.45+0.01 * 68.97+0.02 * 71.93+0.21 * 50.35+0.15** 28.76+0.02 70.30+0.01 ** 51.68+0.20"°* 33.91+0.08
Protein 15.97+0.00 * 14.10+0.01 * 15.18+0.01 “ 24.83+0.00°* 33.70+0.04 ** 14.22+0.01 # 22.39+0.14°* 31.94+0.00 **
Yag 243+0.21+ 10.82+0.10* 6.72+0.11<® 15.66+0.14* 24.34+0.08 * 8.44+0.01 16.79+0.19** 20.06+0.01 *®
Kal 1.11+0.08 * 0.60+0.05* 287+0.05* 3.64+0.02* 4.12+0.07** 236+0.02* 3.46+0.01** 5.03+0.10**
Karbohidrat 2.76+0.00 * 4.51+0.02* 3.30+£0.27* 5.52+0.32** 9.08+0.09** 3.68+0.03 568+0.27" 9.17+0.19*

* Ortalamaxstandart hata n=6, A: Sucuk hamuru, B: Olgunlasmus sucuk, C: Kizartimis sucuk
Aynt satirda balik ve kwrmizt et gruplart arasinda farkle kiiclik dstel isaretlerle ifade edilen degerler arasindaki farklar istatistiksel agidan

énemlidir (P<0.05)

Aynt satirda aynt Uriin grup degerleri arasinda farkle kiigtik istel harflerle ifade edilen dederler arasindaki farklar istatistiksel acidan

énemlidir (P<0.05)

Aynt saturda farkle Griin gruplart arasindaki farkle biyiik dstel harflerle ifade edilen degerler arasindaki farklar istatistiksel acidan énemlidir

(P<0.05)
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dirilmistir. I.C sucuk grubunun tat, aroma ve tekstir
degeri 1I.C sucuk grubundan yiksek bulunmasina karsin
istatistiksel olarak 6nemli farklilik tespit edilememistir
(P>0.05). Literattrlere ve bulgularimiza gore sucuk grup-
lari arasindaki duyusal farkliliklar; balk tirlerine, kulla-
nilan katki maddelerine ve bunlarin etkinligine, etteki
dogal floraya ve olgunlastirma kosullarindaki farkliliklara
bagl olarak degismektedir.

Calismamizda pH miktari I. ve Il. sucuk gruplari ara-
sinda istatiksel agidan énemli farkhlklar saptanmamistir
(P>0.05). I.A grubunda ortalama 5.71 ve Il.A grubunda
ortalama 5.70 pH miktari elde edilmistir. Sazan * ve
glimis ? baligi sucuk calismalarinda ise pH degeri sazan
sucugunda 5.77, gimis sucugunda 6.12 olarak bildiril-
mistir. I.B grubunda ortalama 5.36 ve II.B grubunda
ortalama 5.34 pH degeri elde edilmistir. Literatir bul-
gularina gore calismamizdaki pH sonuclari daha disik
olarak bulunmustur. Laktik asit bakterileri pH’1 dustrerek
bakteri ve patojenlerin gelisimini engelleyerek bozul-
may! onlemektedir **. pH degerinin olgunlagsma siire-
since dismesi ortamdaki laktobasil miktarinin artisindan
kaynaklandigi distnilmektedir.

Kefal baliginin besin kompozisyonu ile ilgili calisma-
larda %74.53 su, %16.23 protein ve %1.16 kil **; %76 su,
%19.5 protein ve %1.40 kil olarak bildirilmistir **. Pasifik
kefalinde cinsiyetlere gore filetolarinda besin degerleri
incelenmis ve ortalama yag degerleri disi kefallerde
%3.39, erkeklerde ise %3.78 olarak bildirilmistir **. Calis-
mamizda ise benzer olarak kefal filetolarinda %77.45 su,
%15.97 protein, %2.43 yag, %1.11 kil ve %2.76 karbo-
hidrat saptanmistir. Kirmizi et karisimi ile yapilan sucuk
calismasinda ¥ kirmizi ette ortalama %18.5 protein,
%11.85 yag ve 5.84 pH olc¢lilmistir. Cahismamizda ise Il.
grup sucuklarin yapimi sirasinda kullanilan kirmizi ette
bulunan %68.97 su, %14.10 protein, %10.82 yag ve 5.74
pH olg¢llmustir. Bilingli tiketici, saghkli yasam igin
uygunlugu ve ekonomik olmasi gibi nedenlerle beyaz eti
daha fazla tercih etmektedir. Balik eti ise dengeli olarak
icerdigi esansiyel amino asitler ve yag asitleri nedeniyle
diger seceneklerin 6nline gegmektedir ***.

Calismamizdaki I. ve II. sucuk gruplarinin su miktari
incelendiginde (Tablo 4) Farkh iki sucuk grubu arasinda
anlamli bir farklilik tespit edilememistir (P>0.05). Bunun-
la birlikte su miktarinin I.LA grubuna goére Il.A grubunda
distk bulunmasinin nedeni kirmizi ete gore balik etinin
daha fazla su icerigine sahip olmasiyla agiklanabilir.
Sazan baliginda yapilan ¢alismada su miktari birinci giin
ortalama %50.20 2, gimis baliginda yapilan sucuk calis-
masinda ise ortalama %53.02 olarak bildirilmistir ®. Calis-
mamizda da benzer sekilde su miktarlari I.B grubunda
ortalama %50.35, II.B grubunda ise ortalama %51.68
olarak saptanmistir. 1.B ve I.C sucuk gruplarinin su

miktari I1.B ve II.C gruplarindan daha disiik bulunmustur
(P>0.05). Bu durum Il. sucuk gruplarinda balik eti
oraninin azaltilmasiyla iliskilendirilebilir. Saptanan su
miktarlarinin sucuk kalitesine olumsuz etkisi bulunma-
maktadir.

insan ve hayvan beslenmesinde proteinin vazge-
¢ilmez 6nemi vardir. Hayvansal proteinler yapitasi ola-
rak da gorev yaptiklari igin dizenli olarak tiketilmeleri
gerekmektedir. Balik eti protein miktari (Tablo 4) 1. ve Il.
sucuk gruplari arasinda istatistiksel agidan farklik bulun-
mamistir (P>0.05). LA grubunda bulunan protein miktari
II.LA grubundan yiksek ¢ikmis olup, bu durum kirmizi ete
oranla balik etinin daha fazla protein icermesiyle acikla-
nabilir. Sazan baligindan sucuk yapimi ¢alismasinda ?
olgunlasmis sucuklarin protein miktari ortalama %21.02;
glimis bahg sucuklarinda ?ise, ortalama %20.05 olarak
bildirilmistir. Calismamizda protein miktari I.B sucuk gru-
bunda ortalama %22.39 ve II.B grubunda ise ortalama
%24.83 olarak tespit edilmistir Protein miktari literatir
bulgularina gére daha yliksek bulunmustur. Elde edilen
yliksek deger ¢alismamizda kullanilan baligin tiri ve
sucuk hamurunun formilasyonunda diisik miktarda yag
kullanilarak eksikligin balik eti ile tamamlanmasiyla agik-
lanabilir.

Yag miktari bulgularimiza gére (Tablo 4) 1. ve Il. sucuk
gruplari arasinda bir farklihk gorilmemektedir (P>0.05).
I.LA sucuk grubunun yag miktari 1l.A sucuk grubundan
disik bulunmustur. Bunun nedeni baligin kirmizi ete
oranla daha disiik yag icerigine sahip olmasindan kay-
naklanmaktadir. Sazan balg > sucuklarinda yag miktari
ortalama %27.82, glimis baligi sucuklarinda ®ortalama
%26.86 olarak bildirilmistir. Calismamizda ise yag miktari
I.B grubunda ortalama %16.79 ve I1.B grubunda %15.66
olarak elde edilmistir. Yag miktarinin diger ¢alismalara
oranla disiik olmasinin nedeni formiilasyon olusturulur-
ken yag miktarinin daha duisik tutulmasindan kaynak-
lanmaktadir. Kefal baligindan sucuk Uretirken damak
tadina uygun olmasi kadar, doymus yag oraninin disiik
olmasina 6zen gosterilmistir. Boylece saglikli beslenme-
ye uygun olan sucuk Uretimi amaglanmistir. Bu nedenle
calismamizda kullanilan yagin yarisi kati, sivi olan diger
yarisi ise aygicek yagidir. Bir baska ¢alismada da aygi-
cek yagi kullanilarak Gretilen frankfurter tipi sosislerin
kolesterol miktari daha distk bulundugu bildirilmistir *°.

Kul miktari bulgularina gore (Tablo 4) I. ve Il. sucuk
gruplari arasinda istatistiksel agidan farkliliklar bulunma-
mistir (P>0.05). Bununla birlikte kil miktarinin I.A ve 1.B
(%100 balik eti) gruplarinda, II.A ve 11.B (%75 balik eti)
gruplarina goére yiksek bulunmasi balik etindeki mineral
madde miktarinin fazla olmasiyla iliskilendirilebilir. Calis-
mada |.B sucuk grubunda ortalama %3.46 ve 1I.B sucuk
grubunda ise ortalama %3.64 kiil tespit edilmistir. Kizar-



tilan Grinlerde ise II.C (%75 balik eti) grubunun daha
ylksek kil icermesi balik et dokusunun bosluklu et ya-
pisi nedeniyle pisirme islemi sirasinda daha fazla su kay-
betmesinden kaynaklanmaktadir. Balik sucuklari icin
pisirme siresi daha kisa uygulanmalidir.

Karbohidrat miktari bulgulari (Tablo 4) 1. ve Il. sucuk
gruplari arasinda istatistiksel agidan farkliliklar bulun-
mustur (P<0.05). Calismamizda I. sucuk grubunun karbo-
hidrat miktari Il. sucuk grubundan disuk olup, bunun
nedeni balik etinin kirmizi ete kiyasla az da olsa disiik
karbohidrat icermesidir.

Sonug olarak, analiz bulgulari incelendiginde uygun
teknolojiler ve katki maddeleri ile kefal baligi etinden
sucuk Uretilebilecegi saptanmistir. Calismalarin deger-
lendirilmeyen farkli baliklarla stirdiiriilmesi; hem ekono-
mik acidan katki saglayacak hem de halkin besin gereksi-
nimi 6énemli 6l¢lide giderebilecektir. Bolgelere gore ucuz
ve nitelikli hammaddeler segilerek bu calismalarin gesit-
lendirilmesi ve siirdiiriilmesi dnerilmektedir.
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Ozet

Bu arastirmada, %0.5 (A), %1 (B) ve %2 (C) oraninda sodyum laktat ilave edilerek hazirlanmis taze gokkusagi alabaligi
(Oncorhynchus mykiss W.) kéftelerinde hazirlama ve muhafaza sirasinda meydana gelen mikrobiyolojik, kimyasal ve duyusal
degisimler incelenmigtir. Toplam mezofilik aerob bakteri sayist muhafaza siresine bagh olarak sodyum laktat ilaveli gruplarda
kontrol grubuna gére nispeten daha az artig géstermistir (P<0.05). Koliform grubu bakteriler, Staphylococcus - Micrococcus ve
maya ve kif sayisi tim gruplarda muhafazanin ilk giiniinden itibaren artmaya baslamustir. istatistiksel olarak, C grubundaki
Staphylococcus - Micrococcus ve maya ve Kuf sayilarinin diger gruplardan daha az oldugu gérilmustur (P<0.05). pH, kuru
madde, kil ve tuz degerleri bakimindan muhafaza sicakliklarina gére 6érnekler arasinda fark tespit edilememistir (P>0.05).
TVB-N ve TBA degerleri tim 6rneklerde muhafaza siresince giderek artmigtir. TVB-N ve TBA miktarlari bakimindan gruplar
arasinda 6nemli farkliliklarin oldugu (P<0.05) belirlenmistir. Balik kéftelerinin muhafazanin baslangicinda duyusal acidan daha
fazla begenildigi, ileri muhafaza glnlerinde ise begeni dizeyinin giderek azaldigi saptanmustir (P<0.05). Sonug olarak, ilave
edilen sodyum laktat miktari arttik¢ca Urinin dayanma siresinin arttigi ve kéfte hamuruna %2 oraninda sodyum laktat
ilavesinin urinin duyusal 6zelliklerinde istenmeyen bir degisime neden olmadidi aksine duyusal olarak belirlenen raf émriinde
belirgin bir iyilesmeye neden oldugu gérilmustiir. Yine, %2 oraninda sodyum laktat ilave edilen érneklerin +4+1°C'de 16 giin
boyunca yenilebilir niteliini korudugu gézlemlenmigtir.

Anahtar soézciikler: Sodyum laktat, Alabalik, K6fte, Mikrobiyolgjik kalite, Kimyasal kalite

The Effect of Addition of Sodium Lactate in Fish Balls made from
Fresh Rainbow Trout (Oncorhynchus mykiss W.)

Summary

In this study, microbiological, chemical and sensory changes of fish balls made from rainbow trout (Oncorhynchus mykiss
W.) treated with addition of sodium lactate at different percentages [0.5% (group A), 1% (group B) and 2% (group C)] were
analyzed during their storage. Total mesophilic aerobic bacteria count of fish balls was determined 4.11 logio cfu/g on day O.
The count relatively decreased until day 2 and then constantly increased in all groups during the remaining storage. Statistical
analyses showed that treatment with sodium lactate was effective on total mesophilic aerobic bacteria count of fish balls
(P<0.05). The numbers of coliform, Staphylococcus - Micrococcus and yeast and mould increased in all groups as from
beginning of the storage. Numbers of Staphylococcus - Micrococcus and yeast and mould in group C was found to be lower
from other groups (P<0.05). It was not seen significant difference between groups in terms of pH, dry matter, ash and salt
levels (P>0.05). TVB-N and TBA values gradually increased in all groups during the storage period. Significant differences was
found between groups in point of TVB-N and TBA values (P<0.05). Although fish balls were found to be desirable from
sensorial point of view at the beginning of the storage, their sensory attributes gradually decreased during the storage period
(P<0.05). It was seen that addition of sodium lactate at 2% to fish balls increased the shelf life of the product while it did not
have negative effect on sensory attributes of the product. In conclusion, it was observed that fish balls with addition of 2%
sodium lactate were found to be acceptable up to 16 days at +4+1°C.

Keywords: Sodium lactate, Rainbow trout, Meat balls, Microbiology quality, Chemical quality
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GIRiS

Yasamin devami ve saglikh beslenmemiz icin gerekli
olan gidalarin hijyenik ve ekonomik olmasinin yani sira,
protein, yag, karbonhidrat, vitaminler ve mineral mad-
deleri dengeli ve yeterli bir sekilde icermesi de arzu
edilmektedir. Bu istege cevap veren en 6nemli gida
gruplarindan biri de su Urtnleri olup, bu gida grubu
icinde on sirayl balik almaktadir *. Su Urunleri, 6zellikle
balik ve balik etinden elde edilen Uriinler glinimiiz sart-
larinda gerek saglik yoniinden gerekse ¢abuk bozulabilir
ozelligi nedeniyle diger hayvansal kaynakli gidalardan
daha onemli bir yere sahiptir. Baliklardan daha fazla
yararlanabilmek icin avlanmayi takiben kisa sire icinde
tiketilmeli veya uygun kosullarda muhafaza edilerek
tuketiciye en iyi kalitede ulastirilmasi saglanmalidir 22,
Balik eti degisik sekillerde islenerek soframiza girmek-
tedir. Ozellikle oteller ve lokantalar icin islenmis balik
Urlinleri degisik aroma ve alternatifler sundugu i¢in bu
gibi yerlerde aranan Urtnler haline gelmistir. Bu Grin-
lerden biri de balik koftesidir.

Balik koftesi, balik etinin temizlenip, haslanip kiyma
haline getirildikten sonra baharat ilavesiyle elde edilen
bir balik trlntdar. Balk koftesinin sogukta (4+1°C) muha-
fazasiyla ilgili yapilan bir ¢calismada *, 6rneklerin 8. gline
kadar kalite 6zelligini korudugu ancak 10 glinlik muha-
fazadan sonra bozuldugu saptanmistir. Konu ile ilgili ya-
pilan diger ¢alismada ise ® ¢ig ve haslanmis hamsi bali-
gindan yapilmis balk koftelerinin 4+1°C’de muhafazasi
sirasinda 9 glinlik raf dmriine sahip oldugu belirlenmistir.

Gida maddelerinin mikrobiyolojik glivenligini sagla-
mak ve raf 6mrini artirmak i¢in organik asitler ve tiirev-
leri dogal alternatifler olarak gosterilmektedir ®’. Laktik
asit ve tuzu olan laktatlar, ette ve bir ¢cok fermente gida
da dogal olarak bulunmalari, yliksek etkime glicline sa-
hip olmalari, tiketiciler icin saglik riski olusturmamalari,
Urlinlin duyusal niteliklerini degistirmemeleri nedeniyle
Urinlerin mikrobiyolojik giivenirliligini artirmak amaci ile
katki maddesi olarak énerilmektedir ®%. Organik asitler
hiicre igerisine alindiklarinda dissosiye olurlar ve inhibis-
yona yol acacak bigimde hiicre ici pH’sini dlsiirerek
metabolizmayi olumsuz yonde etkilerler °.

L (+) laktik asidin tuzu olan laktatlar ilave edildigi gida
maddesinin su aktivitesini (aw) dislirerek ve spesifik etki
gostererek prezervatif olarak etkili olmaktadirlar 7%,
Laktatlarin antimikrobiyel ajan olarak et ve et Urlinle-
rinde bir ¢cok patojen ve bozulma yapici mikroorganiz-
maya karsi etkili oldugu bildirilmistir ****. Laktatlarin
antimikrobiyel aktivitelerinin yani sira Grinlerin renk,
lezzet ve tekstir gibi duyusal ozelliklerini iyilestirdigi ve
antioksidant olarak etkili oldugu da ileri strilmustir **.

Bu arastirma, sodyum laktatin taze gdkkusag alaba-
lig1 (Oncorhynchus mykiss) etinden yapilan balik kofte-
lerinin mikrobiyolojik, kimyasal ve duyusal ozellikleri
lizerine etkisini belirlemek icin yapilmistir.

MATERYAL ve METOT

Materyal

Bu galismanin materyalini olusturan taze gokkusagi
alabaliklari (Oncorhynchus mykiss) Devlet Su isleri Doku-
zuncu Bolge Midurliginin Keban Tesislerinden temin
edilmistir. Yaklasik olarak 3-4 kg agirhiginda olan balik-
larin 6nce derileri soyulmus, daha sonra baslari kesilerek
ic organlari temizlenmis ve filetolar ¢ikarilarak kaynar
suda bir-iki dakika haslanmistir. Et kilgiklardan temizlen-
dikten sonra, ayna delik ¢api 3 mm olan kiyma makine-
sinden gecirilerek kiyma haline getirilmistir.

Koftelerin Formiilasyonu ve Hazirlanmasi

1 kg balik eti (suda haslanmis), 20 g tuz, 10 g zeytin-
yagl, 3 adet patates (haslanmis - 54 g), 5 g kimyon, 5 g
yedibahar, 5 g karabiber, 2 dilim ekmek (somun ekme-
ginin ici - 18 g), 2 adet kuru sogan (rendelenmis - 20 g), 1
demet maydanoz (43 g). Elde edilen kiyma baharat
karisimina (karabiber, yenibahar, kimyon), tuz, zeytinyagi
ve katki maddeleri (haslanmis patates, somun ekme-
ginin ici, sogan, maydanoz, yumurta) ilave edilerek karis-
tirlmistir. Karisimdan 20-25 g agirliginda koparilip elle
sekil verilerek dnce ¢irpilmis yumurtaya sonra galeta
ununa bulandiktan sonra 5 cm eninde ve 10 cm boyunda
olan strafor tabaklara yerlestirilerek streg film ile kaplan-
mistir. Ornekler 4 gruba ayrilmistir. Birinci grup kontrol
grubu (Grup K) olarak belirlenmistir. Ayni karisimdan
hazirlanan koftelere %0.5 (Grup-A), %1 (Grup-B) ve %2
(Grup-C) oraninda sodyum laktat ilave edilerek 3 kofte
grubu daha hazirlanmistir. Hazirlanan kofte érnekleri
4+1°C’'de muhafazaya alinmistir. Calisma 3 tekerrirli
olarak yapilmistir. Ornekler hazirlama asamasinda (file-
to) ve muhafazanin belirli glinlerinde (0, 2, 4, 6, 8, 10,
12, 14 ve 16. ginler) mikrobiyolojik ve kimyasal yonden
incelenmistir. Ayrica, belirtilen muhafaza giinlerinde her
grup Ornekten birer paket alinarak aseptik sartlar altinda
acilan kofte ornekleri yagda kizartildiktan sonra 5 kisilik
panel grubu tarafindan duyusal olarak analiz edilmistir.

Metot

Mikrobiyolojik analizler i¢in, kofte 6rnekleri bir par-
calayicinin (Stomacher 400) 6zel torbasinda 5 g tartiimis
ve Uzerine steril %0.1’lik peptonlu sudan 45 ml ilave edi-
lerek parcalayicida homojen hale getirilmistir. Boylece
ornegin 10" (1/10)’lik diliisyonu hazirlanmistir. Bu dills-
yondan ayni seyrelticiyi kullanmak suretiyle 6rnegin 10%ya



kadar diger seyreltileri hazirlanmistir. Orneklerin her sey-
reltisinden 1’er ml kullanilarak iki seri halinde plak dokme
metoduyla ekimleri yapilarak inkiibasyon siiresi sonunda
30-300 koloni iceren plaklar degerlendirilmistir “*¢.

Orneklerdeki toplam mezofilik aerob mikroorganiz-
malarin sayimi igin Plate Count Agar (PCA) (30£1°C’de 72
saat) *°, koliform grubu bakterilerin sayimi icin Violet
Red Bile Agar (VRB) (30+1°C’de 24 saat) **, Staphylococcus
- Micrococcus mikroorganizmalarin sayimlari igin
Mannitol Salt Agar (MSA) (37+1°C’de 36-48 saat) v, besi
yeri kullanilmistir. Maya ve kif sayimi % 10’luk tartarik
asit ilave edilerek pH’si 3,5’e diistiriilmiis Potato Dextrose
Agar (PDA) (21+1°C’de 5 gin) besi yerinde yapilmistir *.

Orneklerin pH degerleri, pH metre (EDT, GP 353) ile
saptanmistir *. Kuru madde miktarlari Tiirk Standardlari
Enstitisi’nlin * 6nerdigi metoda gére yapiimistir. Tuz
miktarlari Mohr metoduna gore tespit edilmistir . TVB-
N miktarinin belirlenmesinde, Varlik ve ark.’nin * bildir-
digi spektrofotometrik yéntem uygulanmistir. TBA sayisi
ise, 1000 g 6rnekteki malonaldehit miktari Gizerinden
hesaplanmistir >,

Duyusal analizler igin kizartilmis olan koéfte ornekleri
renk, koku, gevreklik, lezzet, tuzluluk ve goriinis yénin-
den incelenmistir. Degerlendirme toplam 30 puan lize-
rinden yapilmistir %,

istatistiksel Analiz

Calisma Ug¢ bagimsiz tekrardan olusturuldu. Mikro-
biyolojik veriler logio kob/g cevrildi ve 3 x 4 x 4 x 10

Se67

OKSUZTEPE, EMIR COBAN
GURAN

(tekrar sayisi x uygulama x muhafaza sicakligi x érnek-
leme gunleri) faktoriyel dizayni kullanilarak degerlen-
dirildi. Veriler, SAS programi kullanilarak ana etkiler
(uygulama, muhafaza sicakligi ve drnekleme ginleri) ile
uygulama, muhafaza sicakligi ve 6rnekleme giinleri
arasinda Ucll degiskenler arasi interaksiyonlar yoninden
varians analizine tabi tutuldu. General Linear Models
(GLM) prosedirlerine gore, en diustk kareler ortala-
malari Fisher’s Least significant difference (LSD) testi
kullanilarak ayristirildi ve bunda istatistiksel dnem sevi-
yesi 0.05 olarak kabul edildi .

BULGULAR

Bu ¢alismada, farkli oranlarda sodyum laktat ilave-
li taze alabalik etinden yapilan kofte 6rneklerinin
+4+1°C’'de muhafazasi sirasinda mikrobiyolojik, kimyasal
ve duyusal 6zelliklerinde meydana gelen degisimler
incelenmistir. Deneysel kdfte érneklerinin mikrobiyolojik
analiz bulgulari Tablo 1'de, kimyasal analiz bulgulari
Tablo 2’de ve duyusal analiz sonucunda belirlenen
organoleptik 6zellikleri ise Tablo 3’te gosterilmistir.

TARTISMA ve SONUC

Orneklerin yapiminda kullanilan filetoda 5.28 logio
kob/g seviyesinde tespit edilen toplam mezofilik aerob
mikroorganizma sayisi muhafazanin 2. giinlinden itiba-
ren artmaya baslamistir. Kontrol grubunda muhafazanin
8. glintinde 8.83 logio kob/g seviyesine, A grubunda 10.

Tablo 1. 4+1°Cde muhafaza edilen kéfte 6rneklerinin mikrobiyolojik analiz bulgulart (logiokob/g)
Table 1. Microbiological analyses results of fish balls during storage at 4+1°C (logio cfu/g)

Muhafaza Siiresi (Giin)

Mikroorganizma Fileto O-Il_'.ne.k
P! (] 2 4 6 8 10 12 14 16 18
K 411> 409* 498 795°* 883° AY
Total 508 A 526° 478® 491* 689" 793¢ 879° AY
Mezofilik Aerob ’ B 513® 454% 477¢ 672¢ 751¢ 789" 890° AY
C 485 420¢ 456¢ 565¢ 618¢ 649¢ 692° 706° 880° AY
K 3.80* 475* 516* 584°* 692° AY
Koliform 240 A 342° 448° 488" 495° 578° 637° AY
: B 329° 414° 449 461" 508 523°* 644° AY
C 314> 329 352¢< 382c< 430¢ 46l 511° 6.83* 790° AY
K 394* 401* 484 582* 685° AY
Staphylococcus 206 A 337+ 357° 376" 487° 559° 619° AY
- Micrococcus ’ B 318 339° 358k 485 522 576 645° AY
C 311= 324" 335" 391 421 454c 532*% 6.82° 7.25* AY
K 222 235° 270° 284°* 390° AY
Maya ve Kiif 156 A 211 224-* 255 273= 296" 343°* AY
’ B 2.08* 215* 235° 246* 260" 320* 403° AY
C 163 174 180" 188" 196¢ 268" 357° 423= 490°* AY

a,b,c: Aynu siitunda farkl harflerle gosterilen ortalamalar digerinden farklidiwr (P<0.05)
K: Kontrol, A: %0.5 Sodyum laktat ilaveli, B: %1 Sodyum laktat ilaveli, C: % 2 Sodyum laktat ilaveli, AY: Analiz yapimad:
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Tablo 2. 4+1°C'de muhafaza edilen kéfte 6rneklerinin kimyasal analiz bulgulart

Table 2. Chemical analyses results of fish balls during storage at 4+1°C

Muhafaza Siiresi (Giin)

< . Ornek
Deger Fileto Tipi
0 2 4 6 8 10 12 14 16 18

K 6.12° 640° 646° 638°* 6.28° AY

bH 6.79 A 6.17* 6.39° 6.44 = 6.41° 6.32° 6.30° AY
B 6.26° 642°* 643° 634°* 631° 628* 6.25° AY
C 6.30* 6.46* 6.49* 6.40* 6.37*° 6.35° 6.29 * 6.22* 6.19* AY
K 36.96* 3543° 3296° 3365° 3289° AY

Kuru Madde 24.94 A 3541° 3434° 34532 3200° 3223° 3494° AY

(%) ’ B 36.19° 36.18* 33.82° 3225° 3222°* 36.02° 3473 AY
C 3245° 3544° 3292 3090° 30.75° 36.85* 36.17° 3446° 3550° AY
K 261° 2.65° 2.24* 2457 2.78* AY

Kal 186 A 2.53* 270* 273* 2.56* 2.63* 2.59° AY

(%) ’ B 252° 250* 267°* 245* 259° 236 277° AY
C 2592 2542 243* 2.68* 271* 2.77* 235* 2.56° 290° AY
K 816* 1111°> 1423 1881°> 2256° AY

TVB-N 8.20 A 7.59* 1039° 1355° 16.16° 20.76° 23.65° AY

(mg/100 g) : B 7.25° 998*° 1124 1521°% 1843* 21.52°¢ 2311°* AY
C 713* 963° 10.72¢ 1286¢ 15.08°c 1734°¢ 19.67® 2357° 26.75° AY
K 0.76* 128* 275* 359° 554 ° AY

TBA 062 A 0.79 = 117° 248* 3.35¢® 404" 5.27* AY

(mg/1.000 g) ’ B 074®* 117* 195° 293* 388< 413* 583° AY
C 0.68 * 0.87* 141° 206" 2591 342« 484° 5572 577 AY
K 358 321» 331° 365* 3.33° AY

Tuz 0.89 A 3.52» 335° 337° 329° 344° 329° AY

(%) : B 370° 340 333° 338 358° 322* 341° AY
C 345 348° 327° 316* 329° 345 342° 337 325° AY

a,b,c: Aynu siitunda farkl harflerle gésterilen ortalamalar digerinden farklidir (P<0.05)
K: Kontrol, A: %0.5 Sodyum laktat ilaveli, B: %1 Sodyum laktat ilaveli, C: % 2 Sodyum laktat ilaveli, AY: Analiz yapimadi

ginde 8.79 logio kob/g seviyesine, B grubunda 12.
glinde 8.90 logio kob/g seviyesine ve C grubunda ise 16.
ginde 8.80 logio kob/g seviyesine ¢cikmistir (Tablo 1).
Tirk Gida Kodeksi Mikrobiyolojik Kriterler Tebligi’'ne *
gore tim gida maddelerindeki toplam mezofilik aerob
bakteri sayisi kabul edilebilir sinir degeri 10° kob/g’dir.
Buna gore sonuglar degerlendirildigi zaman kontrol gru-
bunun muhafazanin 8. giiniinden, A grubunun 10. gln-
den, B grubunun 12. glinden ve C grubunun ise 16. giin-
den itibaren bozuldugu goérilmistir. Elde edilen bulgu-
lar, balik koftesinin 4£1°C’de muhafazasiyla raf dGmriinin
8. gline kadar devam ettigini muhafazanin 10. giiniinden
itibaren ise bozuldugunu tespit eden Gékoglu’'nun * bul-
gulariyla benzerlik arz etmektedir. istatistiksel olarak ve-
riler degerlendirildiginde, kullanilan laktat orani artik¢a
toplam mezofilik aerob bakteri sayisinda kontrol grubu-
na gore daha yavas bir artis oldugu goézlemlenmistir
(P<0.05). Yine tablo incelendiginde %2’lik laktat oraninin
bu grup bakterilerin sayisinda yaklasik 1 logio kob/g
degerinde azalmaya neden oldugu gorilmektedir (Tablo
1). Elde edilen bu bulgu Cetin ve Bostan’in * bulgula-
riyla benzerlik arz etmektedir.

Koliform bakteriler temiz sularda avlanan baliklarin
deri ve kaslarinda bulunmazlar. Clink{ islem gérmemis
balik eti steril kabul edilmektedir. Bu grup bakterilerin
varligi, baligin ya fekal kontaminasyonlu sulardan avlan-
digini, ya da avlandiktan sonra uygulanan islemlere bagli
olarak bulastigini gosterir. Jay, Saunders ve Shewan’a
gore; fekal kontaminasyonun belirticisi olarak kabul edi-
len koliformlarin baliklardaki sayilarinin en fazla 2.0x10”
kob/g; 2.5x10? kob/g; ya da 1.6x10° kob/g olabilecegi
onerilmektedir . Bu g¢alismada, filetoda 2.40 logio
kob/g bulunan koliform bakteriler muhafazanin 0. gi-
ninden itibaren artis gostererek kontrol grubunda 8.
glinde 6.92 logiokob/g, A grubunda 10.giinde 6.37
logiokob/g, B grubunda 12. giinde 6.44 logiokob/g ve C
grubunda ise 16. glinde 7.90 logiokob/g olarak en yiiksek
seviyeye ulasti (Tablo 1). istatistiksel olarak degerlendiril-
diginde, laktat orani arttik¢a koliform grubu bakteri
sayisi bakimindan B (%0.05 oraninda sodyum laktat) ile
C (%1 oraninda sodyum laktat) grubu arasinda pek bir
farklihk olmadigi ancak kontrol dahil diger gruplar ara-
sinda 6nemli farkhliklar oldugu goralmustir (Tablo 1)
(P<0.05).
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Tablo 3. 4+1°C muhafaza edilen kéfte érneklerinin duyusal analiz bulgulart
Table 3. Sensory analyses results of fish balls during storage at 4+1°C
- Muhafaza Siiresi (Giin)
Bzellikler Ormek
Ip! 2 4 6 8 10 12 14 16 18
K 4.88* 484+ 475* 400* AY
Renk A 4.88° 479°* 438°* 411° 4.00 a AY
B 4.88* 484+ 468* 460* 440 a 417 ¢ AY
C 5.00° 492 488" 470°  452a 444 434+ 428" AY
K 4.88* 484+ 475* 460* AY
Gériini A 492* 490° 488* 468* 440° AY
3 B 498* 492* 488* 470* 459* 427 AY
C 5.00° 492- 488 ° 4.80° 470* 464 ° 434- 4.04- AY
K 5.00° 475 475* 470* AY
Koku A 4922 484 * 4702 463° 448 * AY
B 5.00° 4.86* 4380° 475* 468* 4.00* AY
C 5.00° 492°* 490°* 4852 4702 450°* 3.84° 2.50° AY
K 470* 467* 443* 420* AY
Gevreklik A 479-* 4707 462° 4252 3.34- AY
B 487* 484+ 470* 463* 417* 3.14° AY
C 5.00® 5.002 488* 463* 4432 3.69° 3.24° 2.50° AY
K 441° 438°* 428* 4252 AY
Lezzet A 4592 442* 4352 4252 317° AY
B 460 * 451° 4452 463° 3.74° 3.14° AY
C 4712 459-= 4752 4702 3.99° 3.77 ® 3.34° 2.34° AY
K 463* 454+ 438* 415* AY
Genel Begeni A 471 4.66 * 463 4.54- 3.88* AY
Duzeyi B 483* 470* 467* 463* 413* 384 = AY
C 494- 4837 4.88 470° 449-= 3.97°* 3.17° 2.50°* AY

a,b,c: Aynu siitunda farklt harflerle gésterilen ortalamalar digerinden farklidur (P<0.05)
K: Kontrol, A: %0.5 Sodyum laktat ilaveli, B: %1 Sodyum laktat ilaveli, C: % 2 Sodyum laktat ilaveli, AY: Analiz yapiumad:

Staphylococcus’lar dogada yaygin olarak bulunurlar.
Ancak, deniz Urinleri dogal olarak Staphylococcus mik-
roorganizmalarini icermezler. Bu mikroorganizmalarin
100 kob/g’dan fazla olmasi insanlardan kaynaklanan
bulasmayi gosterir *. Filetoda 2.06 logiokob/g olarak
saptanan Staphylococcus - Micrococcus sayilari tim
gruplarda muhafazanin ilk giinlinden itibaren artmaya
baslamistir. Kontrol grubunda 8. glinde 6.85 logiokob/g,
A grubunda 10. giinde 6.19 logiokob/g, B grubunda 12.
glinde 6.45 logiokob/g ve C grubunda ise 16. giinde 7.25
logiokob/g olarak en yiksek seviyeye cikmistir (Tablo 1).
istatistiksel olarak kontrol grubunda elde edilen bulgu-
larin diger gruplardan farkli oldugu gorilmustir. Sod-
yum laktatin %2’lik oraninda kullanildigi C grubundaki
Staphylococcus - Micrococcus’larin sayilarinin ise diger
gruplardan 1’er logiokob/g deger olarak daha az
bulundugu tespit edilmistir (Tablo 1) (P<0.05).

Maya ve kiufler, baliklarda normal flora icerisinde
bulunmazlar. Bunlar genellikle toprak orijinli olup,
baliklar avlandiklari anda, sudan veya avlanma sonrasi
kullanilan alet ve malzemelerden bulasmaktadirlar 7.
Maya ve kuf sayisi filetoda 1.56 logiokob/g olarak belir-

lenmistir. Bu sayi kontrol dahil tim gruplarda muhafa-
zanin ilerlemesine bagl olarak artis gostermistir ve %2
oraninda sodyum laktat ilaveli olan C grubu hari¢ diger
gruplarda ayni seviyelerde seyrettigi gorilmustir (Tablo
1). istatistiksel olarak C grubunun digerlerinden daha az
sayida maya ve kif icerdigi ve bu degerlerin 6nemli
oldugu bulunmustur (P<0.05).

Orneklerin yapiminda kullanilan filetoda pH degeri
6.79 olarak belirlenmistir. Tespit edilen bu deger tim
kofte orneklerinde 0. glinde ve muhafazanin 2. gliniinde
nispeten azalmistir. Muhafazanin 4. glininde tiim grup-
larda yikselme gosterdikten sonra muhafazanin sonuna
kadar tekrar azalmistir (Tablo 2). Farkli sodyum laktat
oranlari géz 6nine alindiginda, 6rnekler arasinda ista-
tistiksel olarak fark bulunamamistir (P>0.05). Muhafa-
zanin sonunda bitiin kofte gruplarindaki pH degerle-
rinin 6.19-6.30 arasinda seyrettigi goriilmustir. pH ile
ilgili bulgularimiz Yanar ve Fenercioglu’nun * sazan etin-
den yaptiklari koftelerde tespit ettikleri 6.1 ile 6.3 degeri
ile Akkus ve ark.’nin ®* hamsi etinden yaptiklari kofte-
lerde tespit ettikleri 6.3 ile 7.7 degerlerinden farkhlk arz
etmektedir. Bu durum, kullanilan farkli balik tirlerinden,
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katilan katki maddelerinden ve uygulanan farkl isil
islemlerinden kaynaklanmis olabilir.

Bu calismada filetoda %24.94 olarak tespit edilen
kuru madde miktari tiim kofte orneklerinde 0. giin ile
muhafazanin baslangi¢ giiniinde artis gostermistir.
Muhafazanin 4. giiniinden itibaren muhafazanin sonuna
kadar tiim gruplarda dalgalanmalar seklinde seyrederek
ortalama olarak %32.00 ile %36.85 arasinda farkli
degisimler gostermistir (Tablo 2). Kuru madde miktari
bakimindan gruplar arasinda istatistiksel olarak fark
gorulmemistir (P>0.05).

Kal miktari filetoda %1.86 olarak belirlenmistir. Bu
deger muhafazanin 2. gliniine kadar artis gosterdikten
sonra tim gruplarda muhafaza siiresi boyunca dalgalan-
malar gostermistir (Tablo 2). Kul miktari bakimindan
gruplar arasindaki farkin 6nemsiz oldugu bulunmustur
(P>0.05).

TVB-N baslica balikta bulunan bakterilerin ve endo-
jen enzimlerin etkisi ile TMA ve amonyaktan ibarettir *.
Balik ve diger su Urlinlerinin muhafazasinda sireye bagli
olarak TVB-N degerinin yikseldigi bildirilmektedir.
Huss *, taze baligin icerdigi TVB-N miktarini 5-20
mg/100 g, taze kabul edilebilir sinir degerini 30-40
mg/100 g olarak bildirmektedir. Varlik ve ark.* ise, TVB-N
degerlerinde gore kalite siniflandirmasini, 25 mg/100 g’a
kadar “cok iyi”, 30 mg/100 g’a kadar “iyi”, 35 mg/100 g’a
kadar “pazarlanabilir”, 35 mg/100 g’dan fazlasini “bozul-
mus” olarak degerlendirmektedir. Yine ayni arastirma-
cilar, tath su baliklarinda TVB-N ile ilgili tiiketilebilirlik
sinir degerini 32-36 mg/100 g olarak belirtmektedirler.
Pastoriza ve ark.**, TVB-N'nin kabul edilebilir sinir dege-
rini 35 mg/100 g, Ariyani * 30 mg/100 g olarak bildir-
mektedirler. Bu ¢alismada, drneklerin yapiminda kulla-
nilan filetoda ortalama olarak 8.20 mg/100 g miktarinda
tespit edilen TVB-N degerleri, tim kofte 6rneklerinde 0.
glinde kismen azalmistir. Daha sonraki glinlerinde ise
tiim orneklerde muhafazanin sonuna kadar sirekli artis
gostermistir. TVB-N miktarlari kontrol grubunda muhafa-
zanin 8. giiniinde 22.56 mg/100 g, A grubunda 10. giinde
23.65 mg/100 g, B grubunda 12. giinde 23.11 mg/100 g
ve C grubunda ise 16. glinde 26.75 mg/100 g olarak sap-
tanmustir (Tablo 2). Saptanan bu degerler bazi arastir-
macilarin ***3*** gnerdigi degerlerin oldukc¢a altindadir.
Bu ¢alismada, kontrol grubu 10. giinde, A grubu 12.
glinde, B grubu 14. glinde ve C grubu ise 18. giinde
duyusal olarak tamamen bozuldugu belirlenmistir. Bura-
dan da anlasilacagi tizere, TVB-N miktarlarina gére balik
koftelerinin degerlendirilmesi uygun diismemektedir.
Cunkl onerilen degerler islem gérmemis baliklar igin
verilmistir. Ayrica, balik koftesi farkli katki maddelerinin
ilavesiyle hazirlanan bir Grtiindir. TVB-N miktarlari sazan
etinden hazirlanmis kéftelerde muhafaza siresince

10.52-13.78 mg/100 g **; hamsi kiymasindan hazirlanmig
koftelerde ise 16.68-42.93 mg/100 g ° tespit edilmistir.
Bu bulgular bizim bulgularimizla (9.63-26.75 mg/100 g)
uyusmamaktadir. Bulgularin uyumsuzlugu, farkh balik
turlerinden ve farklh muhafaza kosullarindan kaynak-
lanabilir. Yapilan istatistiksel analizde, gruplar arasindaki
farkin 6nemli oldugu bulunmustur (P<0.05).

Uriiniin bozulmasina neden olan etkenlerden biri de
yag oksidasyonudur. Okside olmus Uriinlerde acimsi bir
tat ve sari bir renk olusmaktadir. Yag oksidasyonunu
ifade eden kriterlerden biri de tiyobarbiturik asit (TBA)
sayisidir. TBA miktarlarinin degisiminde baligin tird, yag
miktari, mevsim vs. gibi faktorlerin etkili oldugu bildiril-
mektedir **. TBA sayisi ¢ok iyi bir materyalde 3’ten az
olmali, iyi materyalde ise 5’ten fazla olmamali, tiketile-
bilirlilik sinir degeri ise 7-8 arasinda bulunmalidir *¥’. Bu
calismada filetoda 0.62 mg malonaldehit/1000 g dege-
rinde bulunan TBA sayisi tiim kofte orneklerinde muha-
fazanin basindan sonuna kadar surekli artis géstermistir.
Tum gruplarda muhafaza siresince TBA degerleri 0.87-
5.88 mg malonaldehit/1000 g degerleri arasinda seyret-
mistir. Bu degerlerin Onerilen tiketilebilirlik sinir deger-
lerinden (7-8 mg malonaldehit/1000 g) oldukga dislk
oldugu gorilmiustir. Konu ile ilgili yapilan bazi arastir-
malarda ** TBA sayisinin, sazan koftelerinin 6 ay silreyle
-20°C’de muhafazasi sirasinda 0.6 ile 2.2 mg malon-
aldehit/kg ve gokkusagi alabaligindan hazirlanan ve 21
glin sureyle +4+1°C’de muhafazaya alinan balik burger-
lerde ise 0.11-1.45 mg malonaldehit/kg oldugu bildiril-
mektedir. Her iki galismadaki bulgular, muhafaza sicakhgi
ve slresi goz 6nline alindiginda, bu ¢alismada elde edi-
len degerlerden nispeten farkhdir. Bu durumun, farkh
balik tirlerinden ve farkli isleme sekillerinden kaynak-
landigi sOylenebilir. Elde edilen veriler istatistiksel olarak
degerlendirildiginde, TBA miktari bakimindan gruplar
arasinda 6énemli farkliliklarin oldugu (P<0.05) belirlen-
mistir.

Tuz miktari filetoda %0.89 olarak saptanmistir. Bu
deger muhafazanin 2. gliniine kadar tim o6rneklerde
artis gosterdikten sonra muhafaza siresi boyunca dalga-
lanmalar seklinde seyretmistir (Tablo 2). Tuz miktari
bakimindan gruplar arasindaki farkin 6nemsiz oldugu
gorilmustir (P>0.05). Yapilan bir calismada *, gokkusagi
alabaligi filetosunda tuz miktari %0.45 ve bu filetodan
hazirlanan farkl balik burgerlerde ise %0.78 - %0.88
oraninda tuz saptandigi bildiriimektedir. Ayni ¢alismada
tuz miktari bakimindan gruplar arasinda fark tespit edi-
lemedigi de belirtilmektedir. Ancak, adi gegen arastir-
mada elde edilen degerler bizim bulgularimizdan (%3.16
- %3.65) oldukca diisuktir. Bu durum adi gegen Urliniin
farkh sekilde hazirlanmasindan kaynaklanmis olabilir.

Laktatlarin et Grlnlerinde beklenen en 6nemli etkisi



raf dGmrinde artis saglamasidir. Calismamizda da kofte
hamuruna laktat ilavesi duyusal olarak belirlenen raf
omrinde belirgin bir iyilesme saglamistir. K6fte hamu-
runa katilan %2 laktat ilavesi Grlinln renk, koku, gérinds
ve tadinda istenmeyen bir degisime neden olmamistir.
Bulgularimiz sodyum laktat tGzerinde yapilan bazi arastir-
macilarin ***?® pulgulariyla uyum igerisindedir. Kontrol
grubunun 10. giinden, A grubunun 12. giinden, B gru-
bunun 14. giinden ve C grubunun ise 18. glinden itiba-
ren duyusal olarak tuketilebilirlik 6zelliklerini kaybet-
tikleri gérilmustir. Dolayisiyla sodyum laktat orani art-
tikga Urdnidn raf dmrindn uzadigl gézlemlenmistir.
Ancak ilave edilen laktat orani bakimindan ise gruplar
arasindaki farkin istatistiksel olarak 6nemsiz oldugu
tespit edilmistir (P>0.05).

Taze gokkusagi alabaligindan (Oncorhynchus mykiss
W.) hazirlanan koftelerin Gretiminde sodyum laktatin
kullanilmasiyla trtintin duyusal 6zelliklerinin (renk, koku
ve lezzet) etkilenmedigi ancak mikrobiyel gelismeyi
yavaslatarak raf dmrini arttirdigl ve kéfte hamuruna
%2 oraninda sodyum laktat ilavesinin Grinin duyusal
ozelliklerinde istenmeyen bir degisime neden olmadigl
gorilmistir. Yine, %2 oraninda sodyum laktat ilave
edilen 6rneklerin 4+1°C’de 16 giin boyunca yenilebilir
niteligini korudugu gozlemlenmistir. Boylece gida mad-
delerinin mikrobiyolojik glivenligini saglamak ve raf 6m-
rinG artirmak icin organik asitler ve tiirevlerinden dogal
alternatifler olarak ne derece faydalanabilecegimiz kis-
men de olsa belirlenmistir.
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Summary

A study was undertaken to determine the effect of chitosan film or vacuum and modified atmosphere (MA) (100% COz2)
packing on microbial (psychrotorophic, mesophilic aerobic, lactic acid bacteria, Enterobacteriaceae and Pseudomonas counts)
and chemical [(pH, total volatile bases nitrogen (TVB-N) and lipid oxidation (TBARS)] properties of Atlantic bonito (Sarda sarda)
fillets stored at 4+1°C for 15 days. Growth of aerobic bacteria in fillet packaged with chitosan film was slower than in the fillets
of control and vacuum groups during storage. Chitosan group had the lowest average pH value among the treatments.
However, over-wrap of the fish fillets with chitosan film did not significantly retard the increase in the TVB-N content and TBARS
values. In conclusion, it can be advised that chitosan film is suitable for extending the self life with strong antimicrobial effect.

Keywords: Chitosan film, Fatty fish, Modified atmosphere packaging, Vacuum packaging

Palamut (Sarda sarda) Filetolarinin Kimyasal ve Mikrobiyolojik
Ozellikleri Uzerine Kitosan Film ile Kaplama, Modifiye Atmosfer ve
Vakum Ambalajlamanin EtKisi

Ozet

Bu calisma kitosan kaplamanin veya modifiye atmosfer ve vakum ambalajlamanin 4+1°C’de 15 giin boyunca depolanan
palamut baligi (Sarda sarda) filetolarinin mikrobiyolojik (psikrotrofik, mezofilik aerobik, laktik asit, Enterobacteriaceae ve
Pseudomonas bakterileri sayilart) ve kimyasal (pH, TVB-N ve TBARS) parametreleri Uzerine etkilerini belirlemek amaciyla
yapimustir. Kitosan film ile paketlenmis filetolarda aerobik bakterilerin gelisimi, kontrol ve vakum gruplarina gére daha yavag
oldugu bulunmustur. Tim muamele gruplari icerisinde en diguk pH dederi kitosan ile kapli numunelerde belirlenmistir. Buna
ragmen kitosan ile kapl filetolarda; TVB-N ve TBARS degerlerindeki degisimin 6nemli oranda yavaslamadig! bulunmustur.
Sonug olarak, kitosan film gugcli antimikrobiyal etkisinden dolayi raf 6mrinin uzatilmasinda kullanilabilir.

Anahtar sozciikler: Kitosan kaplama, Yagi balik, Modifiye atmosfer paketleme, Vakum paketleme

INTRODUCTION

Chemical deterioration and microbial spoilage may atmospheres have been examined in fish packaging *°.
cause losses up to 25% of gross primary agricultural and  Oxygen, nitrogen and carbon dioxide are the most usual
fishery products in every year *. MAP offers multiple gases used in MAP "%, Since, different concentration of
advantages to the fish industry and the consumer. Various  CO:z has antimicrobial effects on bacteria; it inhibits the
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growth of microorganisms during the logarithmic phase
and extends the lag phase °. Statham *°, explains that
“weak acids are known to have antimicrobial activity in
their undissociated form; therefore carbonic acid is
unique as a microbial inhibitor since at pH values near
neutrality at least one half of the acid is in the
undissociated form. The pH value for the first dissociation
is 6.37 yielding hydrogen and bicarbonate ions”.

Natural and synthetic agents can also control the
deterioration of fish ***>, however the usage of artificial
preservatives in food disturbs consumers **. Therefore,
there is scope for new methods for food safety which
have a natural or ‘green’ image. Use of edible coatings
and films, especially on highly perishable unmodified
and/or fresh foods is one possibility for preventing or
delaying spoilage.

There is an increasing interest in edible films due to
concern over the disposal of conventional synthetic
plastic material. While degradation of plastics requires a
long time, this process in edible films from renewable
agriculture products occurs readily after their disposal.
Moreover, they can be an effective tool in extending
shelf-life of the food.

Many different substances, used as film, act as
barriers to oxygen but not to water, this being one of
the factors limiting the compounds suitable for such
use. Other important characteristics include antioxidant,
binding, and texturizing properties. Antimicrobial
activity by certain substances is another extremely
important factor *.

Chitosan is a cationic polysaccharide obtained by
deacetylation of citin, which is chiefly in the exo-
skeletons of crustaceans **. Chitosan is of interest as
potential edible film component because of its numerous
technological and physiological properties ***?. First of
all, abundant commercial supplies are available. Some
studies have been conducted on the use of chitosan in
foods related to its antimicrobial activity and its ability to
form protective films %, texturizing **, binding action *
and antioxidant activity . Therefore, the present study
was undertaken to determine the microbiological and
chemical properties of bonito fish (Sarda sarda) fillets
packaged with chitosan film, vacuumed and modified
atmosphere (MA) (100% COz2) stored at 4°C.

MATERIAL and METHODS

Film Preparation

Low viscous chitosan was purchased from Sigma-
Aldrich (Israel). Chitosan solution (1.5%, w/v) was

prepared by dissolving 7.5 g of chitosan in 500 ml of
acetic acid solution (1.5%, v/v). To achieve complete
dispersion of chitosan, the solution was stirred
overnight at room temperature. After the chitosan was
dissolved completely, the solution was filtered with
cheese cloth (mesh size of the cheese cloth was around
1 mm square) by vacuum aspiration to remove
impurities. The final film forming solution was cast onto
flat, level Teflon-coated glass plates. After drying the
films at room temperature for at least 72 h, they were
the peeled from plates. Dried films were conditioned at
50% RH and 25°C for 48 h prior to testing.

Preparation, Packaging and Storage of Samples

A total of 50 Atlantic bonito caught from the Black
Sea and transferred to the market on ice in 24 h were
purchased at market with an average weight of 300 g
and then transferred to the Meat Processing Laboratory
at Atatlrk University in Erzurum. They were decapitated
and filleted by hand. Two fillets were obtained from
each fish by removing the head and bone, 100 fillets in
total. The fillets were divided into 4 groups. The first
batch was wrapped with stretch film (Sigma) and used
as control group. The 2™group was vacuum packaged in
film bags with 15x25 cm OPA/EVOH/PE (Oriented
Polyamid-EVOH-Polyetilen, UPM-Kymmene Walki Films,
Finland) and with low gas permeability (oxygen
transmission rate of 5 cm?®/m?/days atm at 23°C, nitrogen
transmission rate of 1cm®/m?/days atm at 23°C, carbon
dioxide transmission rate of 23 cm?®/m?/days atm at 23°C
and water vapour transmission rate of 15 g/m?/days atm
at 38°C). The 3™ group was also placed the film bags and
MA packaged by using a packaging machine (Multivac A
300/16, Sepp Haggenmuller, D 87787 Wolfertschwenden,
Germany). The final gas/product ratio was about 2:1
(v/w) for MAP condition. The composition of gas mixture
was adjusted as 100% CO2 by a commercial company
(Karbogaz, Istanbul, a partner of PRAXAIR, Danbury).
The 4™ group was wrapped with the chitosan film. Fillets
in all 4 groups were stored at 4+1°C for 15 days and
subjected to microbial and chemical analyses on the 0, 3,
6, 9, 12 and 15 days of storage period. All experiments
and measurements were carried out in triplicate.

pH Value

The pH values were recorded by using a Schott model
pH meter (Schott, Lab Star pH) after homogenization of
each 10 g fish muscle sample in 100 ml distilled water.

Total Volatile Base Nitrogen (TVB-N)

A vapor distillation method was used for total
volatile bases nitrogen (TVB-N) estimation *. The results
were expressed as mg TVBN/100 g.



Lipid Oxidation

Lipid oxidation, measured as Thiobarbituric acid
reactive substances (TBARS) values, was determined
according to Lemon %,

Microbial Analysis

25 g fish muscle was removed aseptically and
homogenized for 1 min in a Stomacher 400 (Lab
Stomacher Blander 400-BA7021, Sewardmedical) bag
containing 0.85% NaCl solution. Further decimal dilutions
were made and then 0.1 ml of each dilution was pipetted
onto the surface of plate count agar (PCA, Merck) **. PCA
plates were then incubated for 7 days at 10°C for
psychrotorophic bacteria count and for 2 days at 37°C
for mesophilic bacteria count. Enterobacteriaceae was
determined in Violet-Red-Bile-Glucose agar (VRBG-agar,
Merck) plates incubated anaerobically at 30°C for 2
days. Lactic acid bacteria were determined in MRS Agar
(Oxoid) plates incubated anaerobically at 30°C for 72 h.
Finally, Pseudomonas counts were determined using
Pseudomonas agar base (Oxoid) supplemented with C-F-
C (Cetrimide-Fucidin-Cephloridine) selective supplement
(Oxoid) incubated at 25°C for 48 h. All counts were
expressed as logio CFU/g. In addition, McMeekin %,
reported that usually a “specified reactive level” should
be used to show unacceptable levels in food products,
therefore, a horizontal line was used in each figure to
show these spoilage levels in the present study.

Statistical Analysis

Data were checked for normal distributions with
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normality plots prior to one-way analysis of variance
(ANOVA), and followed by Duncan’s multiple range test
to determine significant differences among means at
P=0.05 level *%.

RESULTS

The counts of all determined microbiological indicators
except lactic acid were significantly (P<0.05) affected by
application of the three packing and especially chitosan
film. Duncan comparison test of the average of significant
differences in the variance analysis of the values
determined in the bonito fillets at various storage times
are presented in Table 1 and 2.

The results of Duncan test showed that the number
of total aerobic mesophilic bacteria count was higher in
control group than that of chitosan group (Table 1). The
highest total aerobic mesophilic bacteria count was
determined on day 15 during the storage time (Table 2).
The interaction of storage time x treatment resulted in a
significant effect on total aerobic mesophilic bacteria
count (P<0.05). After the 6™ days, total aerobic mesophilic
bacteria counts in the fillets of control group reached
above than 10° CFU/g. However, growth of aerobic
bacteria in fillet packaged with chitosan film was slower
than in the fillets of control and vacuum groups during
storage and mesophilic bacteria count did not reach 10°
CFU/g in chitosan group during the experimental period
(Fig. 1a).

Psychrotrophic, Pseudomonas and Enterobacteriaceae
bacteria counts were higher in the control group

Table 1. Microorganisms in bonito fillets packaged with air, vacuum, chitosan film and MA (log cfu/g)

Tablo 1. Kontrol, vakum, kitosan ve MA ambalajlanan Palamut baligt filetolarindaki mikroorganizmalar (log cfu/g)

Treatments TotaI.I:\eroblc . Psychrotrophic Pseudomonas Enterobacteriaceae Lactic A.c id
Mesophilic Bacteria Bacteria

Control 5.65+1.70* 6.90+1.60 * 7.10+2.08* 424+130°¢ 3.61+0.72*

VP 5.13+142* 6.04+1.15* 5.82+1.45* 3.75+0.83 * 4.11+1.10°

Chitosan 4.01+0.85"* 5.64+1.09 " 5.57+1.48°* 2.56+0.65* 3.52+0.59*

MAP 4.74+130* 5.06+0.88 ® 5.16+1.20°* 3.13+0.70 * 3.70+£0.75*

(a-c) Any two means in the same column having the same letters are not significantly different at P<0.05

Table 2. The influence of storage time on microbiological status of bonito fillets (log cfu/g)

Tablo 2. Depolamanin Palamut baligt filetolarinda mikrobiyal duruma etkisi

Storage Total Aerobic . . Lactic Acid

Time (day) Mesophilic Bacteria Psychrotrophic Pseudomonas  Enterobacteriaceae Bacteria
0 2.75+0.16* 4.18+0.03 ° 347+0.26* 2.05+0.05* 2.84+0.07 *
3 4.28+0.37°" 5.20+0.77 ® 4.63+0.79"* 3.17+0.68" 2.96+0.39*
6 4.84+0.58 ** 5.61+0.88 ® 6.10+1.04 « 336+1.01°" 3.62+0.67 "
9 544+1.36 « 6.62+1.27 < 6.98+1.31 « 3.55+1.06 " 3.94+0.43 >
12 594+1.291 6.68+1.06 © 7.07+£1.20 < 4.00+£1.03 422+052¢
15 6.04+1.08 ¢ 7.19+0.97 © 7.23+092¢ 438+0.72¢ 4.83+0.66 ¢

(a-d) Any two means in the same column having the same letters are not significantly different at P<0.05
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than those of the chitosan and MAP groups (Table 1).
The highest Psychrotrophic, Pseudomonas and
Enterobacteriaceae bacteria counts were determined at
the last day of experiment (Table 2). Those bacteria
counts in fillets treated with different applications
increased with length of storage at 4°C.

MAP statistically demonstrated lower counts of
Enterobacteriaceae as compared to the control group
(P<0.05) and chitosan film had the best inhibition in all
groups (Fig. 1d). pH values (a), TVB-N (b) and TBARS
level (c) of bonito fillets with chitosan film or VP, MAP at
4°Cin Fig. 2.

Table 3. Some chemical properties of bonito fillets packaged with air, vacuum, chitosan film and MA
Tablo 3. Kontrol, vakum, kitosan ve MA ambalajlanan Palamut baligt filetolarindaki bazt kimyasal parametreler

Treatments oH TVB-N TMA TBARS
(mg/100 g) (mg/100 g) (umol/kg)
Control 6.33+0.30 36.64+25.56 8.60+7.35* 43.12+20.70 *
VP 6.13+0.22* 28.17+17.17 ° 6.77+5.58 26.89+8.87 *
Chitosan 6.02+£0.14* 24.66+14.36* 5.80+4.32° 58.04+36.15 "
MAP 6.08+0.14 " 27.41+15.88° 6.31+4.87 28.03+8.82 *

(a-b) Any two means in the same column having the same letters are not significantly different at P<0.05

Table 4. The influence of storage time on some chemical status of bonito fillets
Tablo 4. Depolamanin Palamut baligt filetolarinda bazt kimyasal parametreler lizerine etkisi

Storage H TVB-N TMA TBARS

Time (day) P (mg/100 g) (mg/100 g) (umol/kg)
0 5.99+0.04 ° 9.69+1.34* 0.85+0.03 12.75+0.27 °
3 5.98+0.09 * 10.93+1.63° 1.10+0.14° 26.72+3.11*
6 6.02+0.11*® 23.82+1.15°* 5.99+0.28 * 3571+12.38"*
9 6.18+0.15 ®c 31.30+7.66" 7.28+1.37" 40.10+12.13 >
12 6.23+032¢ 44.65+12.26 ¢ 11.19+3.11°¢ 57.92+27.52 «
15 6.44+0.20¢ 5492+12.76 ¢ 14.79+3.30 ¢ 60.93+32.89¢

(a-b) Any two means in the same column having the same letters are not significantly different at P<0.05

Psychrotrophic bacteria counts in the fillets of control
group reached above than 10" CFU/g after the 6™ day of
storage time. However, growth of psychrotrophic bacteria
in fillet packaged with chitosan film and MAP was
slower than in the fillets of control group during storage
and psychrotropic bacteria in the chitosan group count
reached 10’ CFU/g at the last day of experiment (15"
day) (Fig. 1b).

The effect of storage time x treatment on Pseudomonas
count was important (P<0.05). Pseudomonas count was
below 107 CFU/g in fillets packaged under 100% CO2 and
with chitosan film on day *. It reached to 10’ CFU/g in
control and vacuum packaged samples in day 6 and 9,
respectively. Pseudomonas counts in fillets sealed with
chitosan film were approximately 1 and 2 log units lower
in control fillets (Fig. 1c).

The use of chitosan film, vacuum and MAP during
the storage time inhibited Enterobacteriaceae
bacteria growth, however the differences were not
significant between vacuum and control group
(P>0.05). The groups packaged with chitosan film and

Treatment had no significant effect on lactic acid
bacteria count (Table 1). In contrast, lactic acid bacteria
count was affected by storage (Table 2). Lactic acid
bacteria growth was slower in chitosan than the other
treatments (Fig. 1d). Some chemical properties of
bonito fillets packaged with air, vacuum, chitosan film
and MA (Table 3) and the influence of storage time on
some chemical status of bonito fillets (Table 4).

DISCUSSION

The antimicrobial properties of chitosan have been
documented both in vitro and in situ against a number
of food spoilage and pathogenic microorganisms such as
Staphylococcus aureus, Pseudomonas aeruginosa, Shigella
dysenteriae, Bacillus cereus, Proteus vulgaris, Escherichia
coli, Vibrio spp. and Salmonella typhimurium >3,
Lépez-Caballero %, reported that the coating, a blend of
chitosan dissolved in acid acetic and gelatin, was
observed to exert an inhibitory effect on the gram-
negative flora. Ouattara *, also determined that the
antimicrobial films with a chitosan matrix were able to
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Fig 1. Mesophilic (a), psychrotrophic (b), Pseudomonas (c), Enterobacteriaceae (d) and lactic acid
bacteria (e) counts on bonito fillets with chitosan film or VP, MAP at 4°C. Upper areas of horizontal
lines are unacceptable in each figure. Each value represents mean +SD (n=3)
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Fig 2. pH values (a), TVB-N (b) and TBARS level (c) of bonito fillets with chitosan film or VB MAP at
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(n=3)
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inhibit the growth of Enterobacteriaceae. The reason for
antimicrobial action of chitosan may be due to its ability
to absorb nutrients of bacteria and thus inhibition of
their growth * or its interaction with negatively charged
microbial cell membranes, resulting in increased
permeability of the membranes *. The antimicrobial
effect of chitosan depends on several factors including
in pH value of product and storage temperature. This
effect is more pronounced in substrate with pH values
lower than 6.3 which is pKa value of chitosan *. Taking
into account that pH values of the fillets wrapped with
chitosan film ranged between 5.94 and 6.34 during the
storage period (Fig. 2a), it shows that growth inhibition
of microorganism would be stronger if some acidifying
substance (acetic acid) was added. With regards to
influence of storage temperature, it was reported that
low temperatures such as the 4°C used in this study
were optimum for enhancing antimicrobial activity of
the chitosan *.

Our results do not support the conclusions of Jeon *
and Roller * that chitosan shows generally a stronger
bactericidal effect on Gram-positive such as LAB than
Gram-negative bacteria. In contrast, we observed a higher
resistance of Gram positive bacteria. On the other hand,
Lee * reported that chitosan showed a bifidogenic effect
at concentration between 0.1 and 0.5% and it had
growth stimulation effect on Lactobacillus casei and
Lactobacillus brevis at 0.1%. However, contrary, it was
determined that chitosan caused a decrease in
bacteroides, bifidobacteria and clostridia ¥. Differences
in inhibitory or stimulation effects obtained by different
authors are probably due to variations in experimental
materials and conditions, such as the methods used,
chitosan applied, or the medium pH.

Storage time x treatment interaction had significant
effects (P<0.05) on pH values. It slightly decreased until
day 3 for all samples except control group, whereas
after 3 days there was a gradual increase (Fig. 2a). This
is associated mostly with increase of Gram-negative
bacteria populations *®* such as Pseudomonas and
Enterobacteriaceae cause protein and amino acid
degradation resulting in formation of ammonia and
consequent pH increase *. The lowest average pH value
was obtained from fillets wrapped with chitosan in the
present study. This can be attributed that release of
acetic acid is limited from chitosan matrix. Since
Ouattara *, reported that 2-22% of acetic acid remained
in chitosan after 168 h of storage.

While treatment had no significant effect on total
volatile bases nitrogen (TVB-N), an index of spoilage
(P>0.05), storage time x treatment interaction had
significant effects on TVB-N value (P<0.05) (Fig. 2b). On

the 9™ day of storage, TVB-N values of the control,
vacuum and MAP groups were above 25 mg/100 g. In
contrast, TVB-N values decreased distinctly by wrapping
chitosan film. Similarly, Jeon *, reported reduction of
35-50% in the formation TVB-N at the end of a 12 days
storage period using whole cod fillets and different
types of soluble chitosan coatings.

Atlantic bonito is a fatty fish (10% fat content) species;
therefore oxidative changes are very important in the
lipids, which are highly vulnerable to oxidation. Storage
time x treatment interaction had significant effects
(P<0.05) on TBARS values. While the TBARS values of
vacuum and modified atmosphere groups were close
during the storage, they increased rapidly after day 3 in
control and chitosan groups (Fig. 2c). The anti-oxidative
effect of the chitosan film was not observable in fish,
possibly because the acid used for solubilization
affected the antioxidative feature of chitosan film in the
present study. Since, it was reported that the acidic
condition contribute to lipid peroxidation by maintaining
iron as ferrous ion * and iron catalysed oxidation has
been reported to be pH-sensitive and to be most active
under acidic conditions *. In our previous study, it was
reported that TBARS values appeared to be negatively
affected by the application of the different concentration
of lactic acid *.

Similarly to our results, it was reported that minimum
TBARS values were recorded in trout fillet packaged with
MA (100% CO2) and vacuum “. However, Jeon *, found
lower content of TBARS in chitosan-coated herring and
cod samples than those of the uncoated samples
throughout the storage time *. In addition effectiveness
of chitosan of different viscosity (14 cP, 57 cP and 360
cP) on oxidative stability of cooked, comminuted flesh of
herring (Clupea harengus), was investigated by Kamil *,
who observed that among the different viscosity
chitosans, 14 cP chitosan was more effective than the
higher viscosity chitosans in preventing lipid oxidation in
the herring flesh model system.

In conclusion, the chitosan film has the potential to
be used as active biodegradable film with strong anti-
microbial effects. However, further works are needed to
investigate the effect of the chitosan film on rancidity in
lean fish and the combined application of acidic natural
antioxidants and chitosan during the preparing chitosan
film due to the high TBARS values recorded in Atlantic
bonito fillets.
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Summary

Lactobacillus delbrueckii spp. bulgaricus (B3) and Streptococcus thermophilus (W22) with high exopolysaccharide (EPS)
production were combined with commercial culture in various percentages and used in yoghurt production. Lactic acid and
acetaldehyde contents, titratable acidity, tyrosine, viscosity and consistency values, and EPS level were measured throughout
storage for twenty one day with 10-day intervals. The yoghurt sample produced with commercial culture only (control) had the
highest level of acidity. Tyrosine content of the yoghurt produced by wild strains (sample D) was higher than that of others,
whereas acetaldehyde and EPS levels were lower. The domestic strains did not influence the viscosity of yoghurt significantly
(P>0.01). On contrary, the gel firmness of yoghurts produced with Lactobacillus delbrueckii spp. bulgaricus (B3) was lower
than the other samples. The yoghurt sample made by isolated strains only had the highest viscosity values. Yoghurt produced
by using isolated strains was found not to be acceptable by the panellists.

Keywords: Exopolysaccharides, Yoghurt, Streptococcus thermophilus, Lactobacillus delbrueckii ssp. bulgaricus

Ekzopolisakkarit Uretimi Yiiksek Yerli Streptococcus thermophilus
(W22) ve Lactobacillus delbrueckii ssp. bulgaricus (B3) Suslari ile
Set Tip Yogurt Uretimi

Ozet

Bu calismada, yogurt Uretiminde ekzopolisakkarit tretimi yUksek olan yerli Lactobacillus delbrueckKii ssp. bulgaricus (B3) ve
Streptococcus thermophilus (W22) bakterileri ticari kiiltiirle farkli oranlarda Karistirilarak kullanilmigtir. Uretilen yogurtlar 21
guin slreyle buzdolabi kogullarinda depolanmis ve 10 gliin arayla analize tabi tutulmustur. Deneme 6rneklerinde laktik asit,
asetaldehit, titrasyon asitligi, tirozin degeri ve ekzopolisakkarit miktar1 belirlenmis; ayrica konsistens ve viskozite élciimleri de
alinmistir. Sadece ticari kulttrin kullanildigi kontrol yogurdunun asitligi diger érneklerden daha yiiksek diizeyde bulunmustur.
Sadece izole suslarin kullanildig! érnek ise tirozin icerigi acisindan digerlerinden daha yiksek deger vermistir. Buna karsin bu
6érnegin asetaldehit ve ekzopolisakkarit icerigi daha disik ¢ikmistir. Yerli suslar yogurdun viskozitesini etkilememis,
Lactobacillus delbrueckii ssp. bulgaricus (B3)'in kullanildigi yogurtta pihti sikiigi daha diisik bulunmustur. Sadece izole suglar
kullanilarak Uretilen yogurdun (D érnegi) viskozitesi digerlerinden bir miktar yiksek bulunmus ve séz konusu érnek yapilan
duyusal degerlendirme sonucunda panelistlerce begenilmemigtir.

Anahtar sézciikler: Ekzopolisakkarit, Yogurt, Streptococcus thermophilus, Lactobacillus delbrueckii ssp. bulgaricus

& Iletisim (Correspondence)

& +90 3125961353
DK gursoy@agri.ankara.edu.tr


http://vetdergi.kafkas.edu.tr/

S82
Set Type Yoghurt Production by ...

INTRODUCTION

Lactic acid bacteria (LAB) have been extensively
studied in the food industry, not only in view of their
ability to acidify and hence preserve food products from
spoilage, but as well for their contribution to the
organoleptic properties of the final fermented food *2.
Among them a combination of Streptococcus
thermophilus and Lb. delbrueckii ssp. bulgaricus which
grow synergistically are widely used as starter cultures
for the production of yoghurt **. It is widely known that
some LAB like Streptococcus thermophilus and Lb.
delbrueckii ssp. bulgaricus secrete EPS *>**’. The use of
cultures producing EPS play an important industrial role
in the texture development of yoghurts and other
fermented milks, low fat cheeses and dairy desserts *°%,

In general, the food industry is particularly interested
in natural viscosifiers and texture enhancers, the so-
called biothickeners. These are mostly plant carbohydrates
(e.g., locust bean gum, starch, alginate, pectin and guar
gum), animal hydrocolloids (e.g., gelatin and casein), or
bacterial biopolymers (e.g. xanthan and gellan) *.
However most of the plant carbohydrates used are
chemically modified to improve their rheological
properties. Their use is hence strongly restricted,
especially in the European Union (E numbers) °. The use
of cultures producing EPS increases resistance of
yoghurt coagulum to thermal and physical shocks, and
play an important role in achieving satisfactory firmness
and apparent viscosity of yoghurt *%. EPS also effective in
protecting microbial cells against phagocytosis, phage
attacks, antibiotics, toxic compounds, osmotic stress
and bacteriocins ****. With these considerations in mind,
it was aimed to produce set-type yoghurt by using EPS
producing Turkish origin domestic strains of Streptococcus
thermophilus and Lb. delbrueckii ssp. bulgaricus, and to
evaluate the quality of the resulting products.

MATERIAL and METHODS

Culture and Growth Conditions

The strains of Lb. delbrueckii ssp. bulgaricus B3 and
Streptococcus thermophilus W22 used in this study were
isolated from village type yoghurt by Aslim et al.*s
The strains isolated were identified as Lb. delbrueckii
ssp. bulgaricus B3 and Streptococcus thermophilus
W22 on the basis of morphological and biochemical
characteristics, and 16S rDNA sequence analysis were
done % The criteria for selection of the strains were
based on their quantity of EPS production. Each strain
was grown in skim milk (10 g/100 ml) and incubated at

40°C for 18 h. In addition, the control yoghurt was
produced incorporating a commercial blend of starter
culture coded TM-081 (Rhodia-EZAL group).

Production of Yoghurt

Fresh cow milk was obtained from the Ankara
University, Faculty of Agriculture, Department of Dairy
Technology. The gross composition of raw milk was:
7.38+0.53 titratable acidity (°SH), 6.55+0.09 pH,
3.08+0.06 total fat and 12.66+0.22 total solids. The raw
milk was heated up to 40°C and skimmilk powder was
added so that total solids content was increased to 15%.
After homogenization at 60°C at 200 kg/cm?, milk was
heat treated at 85°C for 20 min and cooled to 42°C, and
then divided in four equal portions. Each portion was
inoculated with 3% (v/v) commercial starter (A); 1.5%
(v/v) commercial starter plus 1.5% (v/v) Lb. delbrueckii
ssp. bulgaricus B3 (B); 1.5% (v/v) commercial starter
plus 1.5% (v/v) Streptococcus thermophilus W22 (C);
1.5% (v/v) Lb. delbrueckii ssp. bulgaricus B3 and 1.5%
(v/v) Streptococcus thermophilus W22 (D). Inoculated
milk was, then, incubated at 42°C for 4 to 5 h until pH
4.6 was attained. Following incubation, the samples
were stored at 4°C for 21 days. Analyses were performed
in the experimental yoghurts after 1, 11 and 21 days of
storage. The experiment was repeated three times in
duplicate.

Chemical Analysis

The dry matter, titratable acidity and total fat contents
were determined by the methods given in Turkish
national standard for yoghurt **. The spectrophotometric
methods were followed for the analysis of lactic acid *
and tyrosine contents **. Acetaldehyde content was
determined according to Lees and Jago *. The firmness
of yoghurt curd was determined by a penetrometer
(Stanhope-Seta Surrey, England) using the cone-form
penetration body with an apical angle of 45°C, and a
weight of 72.5 g. The depth of penetration was
measured at 5 s at a product temperature of 7+1°C.
HAAKE-Viscometer VT 181/VT 24 was employed for
determination of viscosity. Sensory properties were
evaluated by 10 experienced panellists according to the
scoring sheet given in Turkish national standard *.
Analysis of variance was performed using MINITAB ¥,
and the results were analyzed as a randomized plot
design. Means were compared by the least significant
differences method ***.

Isolation and Quantification of EPS

The yoghurt samples were boiled at 100°C for 10
min. After cooling, they were treated with 17 ml/100 ml|
of 85% trichloracetic acid solution and centrifuged *.
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After removal of the cells and protein by centrifugation,
the EPS was precipitated with ethanol. The EPS was
recovered by centrifugation at 4°C at 14000 rpm for 20
min. Total EPS (expressed as mg |) was estimated in
each sample by phenol-sulphuric method * using
glucose as a standard *.

RESULTS

Total solids of the samples A, B, C and D were as
follows respectively (g 100 g'); 14.60+0.103,
14.51+0.108, 14.51+0.106, 14.48+0.092 at the
beginning of storage period. The fat contents of the
samples (g 100 g*) were found to be 3.03£0.033,
2.96+0.088, 3.00+0.000, 3.00+0.000 respectively.

Table 1 describes some chemical properties of
yoghurt during the storage. Lactic acid value and the
titratable acidity of yoghurt samples increased throughout
the storage period. There was no significant difference
between the samples with regard to titratable acidity
and lactic acid (P>0.01).

Table 1. Some chemical and physical properties of yoghurt samples

Tablo 1. Yogurt 6rneklerinin fiziksel ve kimyasal ézellikleri
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There was a significant difference (P<0.01) between
yoghurt samples in terms of tyrosine contents of the
samples. The highest tyrosine value was obtained from
the sample D, where local strains of yoghurt bacteria
with high EPS production were used. This sample was
followed by sample B (including Lb. delbrueckii ssp.
bulgaricus B3).

No significant difference was noted between the
samples with regard to acetaldehyde levels (P>0.01). In
all samples, the highest acetaldehyde content was
recorded on the 11" day of storage, and then decreased.

EPS producing starters are used to improve physical
properties of yoghurt. In this study, it was observed that
there was no statistically significant difference between
the samples with regard to EPS concentrations (P>0.01).
However, the highest EPS concentrations was recorded
on the 11" day of storage from the sample B (256 mg/L).
The sample D had the lowest EPS concentrations (175
mg/L). Given the average of EPS values, it was shown
that sample B (219 mg/L) and C (220 mg/L) were relatively
higher than the sample A (196 mg/L).

Treatments
Properties Storage
(Day A B C D
Titratable Acidit 1 49.25+2.88 47.47+1.71 47.02+3.58 45.87+3.69
o y 11 55.40+2.85 52.74+2.52 50.67+4.87 48.00+3.73
21 56.39+3.07 54.26+2.75 52.36+5.45 50.05+4.80
- 1 0.83+0.34 0.82+0.39 0.79+0.61 0.76+0.49
. 11 0.89+0.41 0.87+0.41 0.84+0.53 0.75+0.62
9/2559 21 0.98+0.84 0.90+0.27 0.86+0.77 0.79+0.83
Tvrosine Value 1 0.278+0.017 * 0.291+0.017 ® 0.272+0.013 * 0.344+0.024 *
(QT’] - 11 0.312+0.027 * 0.356+0.022 0.300+0.030 * 0.410+0.064 *
9/9 21 0.400+0.011 * 0.379+0.028 ® 0.346+0.015 * 0.471+0.026 *
N 1 17.05+4.70 18.41+4.32 14.92+4.92 12.21+1.65
A y 11 22.68+2.17 23.55+1.61 21.60+2.68 16.78+0.95
PP 21 18.87+0.72 16.57+1.47 14.96+0.17 15.25+1.41
Eps 1 206+13.5 215.67+7.67 24333+6.17 188.0+22.01
P 11 200+13.7 265.30+17.6 251.00+31.9 174.7+30.80
9 21 181+42.7 176.30+68.2 166.70+37.4 169.7+73.60
S 1 306.33+ 6.33 309.67+7.84 305.33+07.80 311.33+9.53
e e 11 280.00+10.40 276.00+12.30 286.70+14.70 282.70+13.50
21 286.00+ 5.69 279.30+10.10 285.00+13.70 286.30+14.30
Viscosit 1 1441.7+98.2 12754946 1308.3+79.5 1275.0+14.40
(C'P) "ty 11 1683.0+10.1 14754139 1508.0+21.4 1536.7+7.26
21 1758.0+13.1 1575+13.9 1558.0+20.4 1512.7+7.22

A: Commercial culture (3%)

B: Commercial culture (1.5%) plus isolated Lb. delbrueckii ssp. bulgaricus B3 (1.5%)
C: Commercial culture (1.5%) plus isolated Streptococcus thermophilus W22 (1.5%)
D: Isolated Lb. delbrueckii ssp. bulgaricus B3 (1.5%) plus isolated Streptococcus thermophilus W22 (1.5%)

a, b, ab, Means within the same row with different superscripts differ significantly (P<0.01)
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The good quality of yoghurt is characterized with
high firmness and low whey separation. In the present
study, there was no significant difference between the
yoghurt samples in terms of gel firmness (P>0.01). The
EPS(+) strains seemed to be ineffective on gel firmness.

In the yoghurt samples, the viscosity measurements
were in good correlation with the gel firmness readings.
It is thought that the slight increase in viscosity was
caused by the EPS(+) strains.

Given the results of sensory evaluation (Table 2),
we observed that there was no difference between
the samples in terms of apperance and odour. On

Table 2. Organoleptic properties of yoghurt samples (Mean + SE)

and Stretococcus thermophilus (CH-1) in yoghurt
production. The authors determined the levels of
titratable acidity and lactic acid in yoghurt produced by
viscous culture as 44°SH and 0.62 g 100 g* respectively.
These figures were reported to be 53.4°SH and 0.77 g
100 g* in yoghurt produced by non-viscous culture.

Although lactic acid bactreria are generaly weakly
proteolytic compared with other groups of bacteria such
as Bacillus, Proteus, Pseudomonas, and coliforms, some
strains of LAB show high proteolytic activity in many
fermented dairy products *. Proteolytic activity of the
starter used contributes to texture development of the
final product. Proteolytic ability of lactic acid bacteria is

Tablo 2. Yogurt 6rneklerinin duyusal nitelikleri (ortalama + standart hata)

Treatments Storage Appearance Body and Texture Odour Taste
(Day) (Max 5 Points) (Max 5 Points) (Max 5 Points) (Max 5 Points)
1 5.000+0.000 4.233+0.122 4.933+0.067 4.000+0.115
A 11 4.933+0.067 3.933+0.067 5.000+0.000 3.667+0.167
21 4.933+0.067 3.767+0.145 4.600+0.231 3.500+0.252
1 4.867+0.133 4.300+0.252 5.000+0.000 4.200+0.306
B 11 5.000+0.000 4.233+0.033 5.000+0.000 4.167+0.186
21 4.633+0.186 3.933+0.067 4.700+0.153 3.933+0.296
1 4.933+0.067 4.467+0.033 5.000+0.000 4.467+0.333
C 11 5.000+0.000 4.300+0.153 5.000+0.000 4.133+0.133
21 4.400+0.100 3.967+0.203 4.700+0.153 3.933+0.067
1 5.000+0.000 4.133+£0.133 5.000+0.000 3.833+0.203
D 11 4.933+0.067 4.167+1.012 5.000+0.000 3.833+0.441
21 4.833+0.167 3.900+0.265 4.833+0.167 3.467+0.808

A: Commercial culture (3%)

B: Commercial culture (1.5%) plus isolated Lb. delbrueckii ssp. bulgaricus B3 (1.5%)
C: Commercial culture (1.5%) plus isolated Streptococcus thermophilus W22 (1.5%)
D: Isolated Lb. delbrueckii ssp. bulgaricus B3 (1.5%) plus isolated Streptococcus thermophilus W22 (1.5%)

examination of structure and texture, the samples B and
C, in which strains of Lb. delbrueckii ssp. bulgaricus B3
along with commercial culture and Streptococcus
thermophilus W22 were used had higher scores than
the others. The samples B and C most were given higher
scores by the panel group, whereas sample D, was
found to be too sweet.

DISCUSSION

The development of acidity is important not only
form milk fermentation, but also necessary for a well-
balanced aroma, texture and flavor of yoghurt. Acid
development by domestic strains was poor (especially
sample D) in comparison with the commercial starter.
Ozer and Atasoy * used viscous and non-viscous
commercial strains of Lb. delbrueckii ssp. bulgaricus (B3)

dependent on species and strains. It is known that the
proteolytic activity of Lb. delbrueckii ssp. bulgaricus is
higher than that of Streptococcus thermophilus. In our
research, the highest tyrosine value was obtained from
the sample D. Ozer and Atasoy %, found that yoghurt
produced by viscous cultures provided a higher level of
tyrosine than that of yoghurt produced by non-viscous
cultures. Proteolytic activities of starter bacteria may
have some adverse effects on fermented milk. In
yoghurt, production of bitter peptides is largely attributed
to proteolysis by Lb .delbrueckii ssp. bulgaricus during
storage.

Yoghurt sample produced with viscous and/or
domestic culture had less acetaldehyde level than
those manufactured with mixed or only commercial
yoghurt bacteria. The acetaldehyde production
ability of EPS(-) strains of yoghurt bacteria is high,



whereas acetaldehyde production capacity in ropy or
viscous strains of the yoghurt bacteria decreases
considerably 2%,

It was reported that the amount of EPS produced by
the LAB ranged from 150 to 600 mg/L, depending on
strains under optimal culture conditions **”. In sample
D, where only domestic strains were, incorporated it
was seen that the amount of EPS was lower than those
of the other samples. Similar results were obtained by
Marshall and Rawson *, who produced yoghurt, using
strains of Streptococcus thermophilus and Lb. delbrueckii
ssp. bulgaricus with and without exopolysaccharide
production ability and showed that the lowest level of
EPS was obtained from the sample in which EPS(+)
strains were used together. On the other hand, Bouzar
et al.” showed that mixed cultures of a non-ropy strains
of Streptococcus thermophilus and different ropy strains
of Lb. delbrueckii ssp. bulgaricus produced EPS at a
faster rate.

The firmness of the gel and the ability to retain the
water are influenced by the structure of the gel formed
or the type of the culture used *. In the present study,
the EPS(+) strains seemed to be ineffective on gel
firmness. In many studies, it was stated that the higher
the EPS level in yoghurt produced by ropy strains, the
lower the curd firmness. The EPS(+) could interfere with
the association between casein micelles resulting in a
less firm coagulum *%°*', The gel firmness of the samples
increased during the cold storage. In contras, Glzel-
Seydim et al.*’ stated that penetrometer values of all
samples decreased significantly during storage.

Several strains which are capable of forming EPS,
were isolated and analyzed *. In present study, viscosity
of samples produced by the domestic strains was found
to be higher than that of control sample. Some researcher
explained that, there was no clear correlation between
the EPS concentration and viscosity, and polysaccharide
type was far more important than EPS quantity in terms
of viscosity. It was reported that the formation of
protein strand and protein-protein bond development is
partly prevented by excessive formation of poly-
saccharide flaments attached to the protein matrix and
thus reducing rigidity of the yoghurt gel >***%*,

The primary function of lactic cultures used to
manufacture of yoghurt is to produce lactic acid required
for the formation of the coagulum. Additionally they
produce volatile compounds reponsible for the typical
flavour and texture of yoghurt. Careful selection of the
strains employed and good monitoring throughout the
manufacturing process of yoghurt are, therefore,
essential to control the metabolic end-products, final
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pH, flavour and aroma and texture efficiently. According
the results obtained, the yoghurt sample made by
domestic starter strains only had a negative result,
especially in terms of sensory qualities. The use of
combined cultures of commercial starter and Lb.
delbrueckii ssp. bulgaricus B3 and/or Streptococcus
thermophilus W22 may offer an alternative to yoghurt
processors. Our findings are crucial for the dairy
industry to be used domestic strains as starter culture
and to be taken place in the culture collections.
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Summary

In this study the total 304 cheese samples (85 white cheese, 75 kashar cheese, 62 civil cheese, 82 cream cheese) were
examined in terms of AFM1. The AFM1 content and concentrations of the samples were researched by competitive ELISA
method. Determinable limit was 50 ng/kg and it was determined that white cheese samples included 82.4% AFM1, kashar
cheese samples 80%, civil cheese samples 19.4% and cream cheese samples 84.2%. According to European Commission limit
(250 ng/kg), the sample incidence exceeding the acceptable limits were 27.1%, 34.7%, 17.1% in white cheese, kashar cheese
and cream cheese samples, respectively. The sample ratio exceeding the limits regulated by Turkish Food Codex (500 ng/kg)
was determined in white cheese, kashar cheese and cream cheese samples as 16.5% (14/85), 14.7% (11/75) and 6.1% (5/82)
respectively, any sample exceeding these limits was not met in civil cheese samples. As understood from these results, high
AFM1 level determined in some cheese types is an important problem threatening the public health in Turkey.

Keywords: AFM1, Cheese, ELISA

Turkiye (Erzurum)’'de Tiiketilen Bazi Peynir Cesitlerinde Aflatoxin M1
Seviyesinin Belirlenmesi

Ozet

Bu calismada toplam 304 peynir érnegi (85 beyaz peynir, 75 kasar peynir, 62 civil peynir, 82 krem peynir) AFM1 yéninden
incelendi. Orneklerin AFM1 icerigi ve konsantrasyonu kompetitiv ELISA metoduyla arastirildi. AFM1’in belirlenebilir limiti 50
ng/kg olup, beyaz peynir érneklerinin %82.4, kasar peynir érneklerinin %80, civil peynir érneklerinin %19.4 ve krem peynir
drnekKlerinin ise %84.2’Unde bu maddeye rastlandi. Avrupa Komisyonu'na gére AFM1 y6ninden yasal limitleri (250 ng/kg) asan
numune orani beyaz peynir, kagar peynir ve krem peynir érneklerinde sirasiyla %27.1, %34.7, %17.1 olarak belirlendi. Turk
Gida Kodeksi'ne goére yasal limitleri (500 ng/kg) asan numune orani beyaz peynir, kasar peynir ve krem peynir 6rneklerinde
sirasiyla %16.5 (14/85), %14.7 (11/75) ve %6.1 (5/82) olarak belirlenirken civil peynir numunelerinde s6zkonusu limitleri asan
numuneye rastlanmadi. Bu sonuclardan anlagilacag! gibi yiksek AFM1 duzeyi Turkiye'de halk saghgint tehdit eden énemli bir
problemdir.

Anahtar soézciikler: AFM1, Peynir, ELISA

INTRODUCTION

Aflatoxins are toxic metabolites produced by fungi,
eg, Aspergillus flavus *, A. parasiticus and A. nomius. A.
flavus produces only B aflatoxin, while the other two
species produce both B and G aflatoxins. Aflatoxins

contaminate the feeds, especially cereals and oilseeds
both in the pre-harvest and postharvest seasons. They
present toxigenic, carcinogenic, teratogenic and
mutagenic potential **. Aflatoxin B1 (AFB1) and aflatoxin
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M: (AFM1) are classified as human carcinogen in group 1
and 2B, respectively *. There is a linear relationship
between the amount of AFM: in milk and AFB: in feed
consumed by animals. It has been reported that 0.3-
6.2% of AFB1 in animal feed is transformed to AFM: and
excreted in milk ®. AFM: is comparatively stable during
pasteurization, sterilization, preparation, and storage of
various dairy products *°. Most of the developed countries
have regulated the maximum permissible levels of AFM1
in milk and milk products, which vary from country to
country *°. The European Commission (EC) has approved
a maximum admissible level of 250 ng/kg for AFM in
cheese ™. However, the Turkish Food Codex (TFC), has
accepted 500 ng/kg as the action level for AFM1 ™.

Although there is some information about the
occurence of AFM: white, kashar and cream cheese
there is not enough information about the occurence of
AFM: in civil cheese in Turkey. For this purpose, this
study was designed to determine the presence and
levels of AFM: in white, kashar, civil and cream cheese
that especially sold and consumed in Erzurum province
of Turkey, and to compare the results with the legal
regulations for AFM legislated by EC and TFC.

MATERIAL and METHODS

Samples

In this study the total 304 cheese samples (85 white
cheese, 75 kashar cheese, 62 civil cheese, 82 cream
cheese) put up for sale in various places in Erzurum
between the dates September 2006 - September 2007
were examined in terms of AFMa.

Methods

AFM1 concentrations of the samples were analyzed
by competitive ELISA (RIDASCREEN Aflatoxin M1, R-
Biopharm) as procedure described by R-Biopharm
GmbH *. The samples were evaluated according to the
RIDAVIN computer program prepared by R-Biopharm.
According to the instructions for use of the RIDASCREEN
kit; the lower detection limit was 50 ng/kg. The statistical
analysis was performed by SPSS Statistical Program.

RESULTS

In this study a total of 304 cheese samples including
85 white cheese, 75 kashar cheese, 62 civil cheese and
82 cream cheese were analysed for AFM1 with the
competitive ELISA.

The occurrence and the distribution of AFM1

concentration in various ranges in cheese samples are
presented in Table 1.

Aflatoxin M1 was found above measurable level (50
ng/kg) in 82.4% (70/85), 80% (75/65), 19.4% (12/62) and
84.2% (69/82) of white cheese, kashar cheese, civil
cheese and cream cheese samples, respectively. Another
expression of the results, it was found that 17.7%
(15/85) of white cheese, 20% (15/75) of kashar cheese,
80.7% (50/62) of civil cheese and 15.9% (13/82) of
cream cheese have no AFM1 in detectable level by
ELISA. According to the European Commission limit
(250 ng/kg), 23 (27.1%), 26 (34.7) and 14 (17.1)
contaminated white, kashar and cream cheese samples
had AFM1 in concentrations in excess of the maximum
tolerance limit, respectively. The sample ratio exceeding
the limits regulated by Turkish Food Codex (500 ng/kg)
was determined in white cheese, kashar cheese and
cream cheese samples as 16.5% (14/85), 14.7% (11/75)
and 6.1% (5/82) respectively, any sample exceeding
these limits was not met in civil cheese samples. AFM1
content of positive cheese samples were determined as
minimum 51 ng/kg, maximum 860 ng/kg and mean
263.4+198.1 ng/kg.

In other studies made on various cheeses, presence
and level of AFM1 were showed in Table 2.

DISCUSSION

Milk and dairy product have an important place in a
healthy human diet since they are good sources calcium
and proteins. The production and consumption of cheese
is widespread in Turkey. AFM1 has affinity to casein of
milk. Therefore AFM1 concentration is higher than in
corresponding milk **. For these reasons, cheese could
be the most potent source of aflatoxin among dairy
products. In some studies made on cheese, AFM: was
determined in high or low levels in some of them but
it was not able to be determined in some cheese
samples ** (Table 2).

In our study AFM1 was determined in 216 of the total
304 cheese samples. AFM1 incidence determined as
71.1% (216/304) in cheese samples is high. It is known
that this situation can be sourced from the feeds of
animals from which milk is got become contaminated
with aflatoxin or Aspergillus spp. This information was
verified by Bakirci ** who determined high amounts of
AFMz1 in raw milk samples in spring months. While the
findings got in our study are in parallel of the studies **
stating that they determined AFM1 in cheese samples in
various levels, they are contradicts with the data %
stating that this substance was not met in determinable
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limits in cheese. It was stated that these variations
between the data could be sourced from the difference
of AFM1 level in milk used in the production due to
seasonal changes “"**% and from different operation
and analysis methods ***.

That AFM1 determined in civil cheese in relatively
low levels (mean; 66.8+22.6 ng/kg) is in accord with the
studies in which AFM1 can not be determined in some
civil cheese types such as Konya moldy tulum cheese
(its original name is Konya Kiflii Tulum) and Erzincan
moldy tulum cheese (its original name is Erzincan Kuflu
Tulum) »?%*,_ In this study the samples ratio (20.7%)
exceeding the EC legal limits is similar to the findings of
researchers **?** The AFM1 levels exceeding the TFC
legal limits (500 ng/kg), also were lower than the
reported results by Sarimehmetoglu et al.”’, Tekinsen
and Tekinsen #, Ardic et al.?, Kamkar *, and were similar
to the results reported by Orug and Sonal ** and Seyrek .
This similarity can be sourced from the highness of
AFM1 level regulated by TFC. It was concluded that
AFM1 incidence determined in white, kashar and cream
cheese were quite higher than legal limits, so it could
form an important risk for health. But there isn’t a
sample in civil cheeses exceeding legal limits, it might be
said that civil cheese can carry less risk in terms of AFM1
content.

In conclusion, AFM1 determined in high levels in
theree cheese types in the present study and the other
researchs made in Turkey show that this subject is still
an important public health problem in Turkey. So the
public health authorities should train the farmers, dairy
companies and dairy product consumers on the potential
health results of aflatoxins. Moreover the prevention of
aflatoxin formation in feeds is very important. Because
the consumption of contaminated feeds by dairy
animals causes AFM1 formation in milk. So the easiest
and shortest way to deal with this problem is reducing
the AFB1 concentration in animal feed by improved
processing and storage practices. For this, it is necessary
to control well the feeds given to dairy animals and to
reduce AFB1 amount permitted to take place in feeds to
lower levels. In addition, it is considered that food
substances should be produced and kept in convenient
conditions to prevent aflatoxin formation.
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Summary

The aim of this study was to investigate the presence of Listeria species in the milk and silage samples obtained from fifteen
different farms in Burdur. A total of 250 samples (silage and cow’s milk obtained from animals fed and not fed with silage) were
analyzed. L. monocytogenes was isolated in 6 (2.4%) out of the 250 samples. Five (6.66%) of the 75 silage samples and 1
(1.17%) of the 85 milk samples obtained from cows fed with silage were contaminated with L. monocytogenes, whereas no
Listeria spp. were isolated from the 90 milk samples from cows not fed with silage. The isolation of L. monocytogenes from milk
and silage samples in Burdur indicates that these products could create a serious risk to the public health.

Keywords: Cow’s milk, Silage, Listeria spp.

Burdur Yéresinde Uretilen Siit ve Silajlarda Listeria Tiirlerinin
Arastiriimasi

Ozet

Bu calismada, Burdur yéresinde onbes farkl ciftlikte Uretilen sit ve silajlarda Listeria turlerinin varliginin aragtiriimasi
amaglanmistir. Toplam 250 érnek (silaj ile beslenen ve beslenmeyen inek siitleri ve silaj) analize alinmustir. iki yiz elli 6rnegin
6'sinda (%2.4) L. monocytogenes izole edilmistir. Yetmis bes silajin 5 (%6.66)’inde, 85 silaj verilen inek sutuniun 1 (%1.17)'inde
L. monocytogenes oldugu belirlenmigtir. Silaj ile beslenmeyen 90 inekten alinan sutlerde ise Listeria spp. izole edilememistir.
Sonug olarak, Burdur’da tretilen siit ve silajlarda L. monocytogenes'in izole edilmesi bu rinlerin halk saghgdi acisindan bir risk
olusturabilecegini géstermektedir.

Anahtar sozciikler: Inek stitii, Silaj, Listeria spp.

INTRODUCTION

Listeria spp. are widely distributed in nature and
found in soil, silage, decaying vegetation, animal feces,
sewage water, and other environmental sources *. Listeria
monocytogenes may contaminate milk because of
mastitis, encephalitis, or abortion related to Listeria spp.
in animals *2. Listeriosis is a severe and often fatal illness

with clinical manifestations such as sepsis or meningitis
in immunocompromised patients or neonatal babies
and flu-like illness or abortion during pregnancy in
women. The major outbreaks of listeriosis have been
associated with the consumption of foods of animal
origin . The genus Listeria contains 6 species: L.
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monocytogenes, L. innocua, L. seeligeri, L. welshimeri, L.
ivanovii, and L. grayi ®. In addition to L. monocytogenes, L.
seeligeri and L. ivanovii may be pathogenic in humans **.
L. monocytogenes can frequently be isolated from
unpasteurized milk and milk products **°. Except in
modern cheese production plants, raw milk is widely
used in cheese production by small and medium
domestic and commercial plants in Turkey. Also, isolation
rate of L. monocytogenes in cheese samples in Turkey
has been reported from 2% to 5% ***.

Silage is produced by harvesting a forage crop with a
high moisture content (greater than 50%) and sub-
sequently fermenting. In general, good silage remains
stable, with no change in composition or heat, once air
is eliminated and the silage has achieved a low pH *.
Listeria spp. are most commonly recovered from
improperly fermented silage **. It has been reported
that listeriosis in cattle is mainly feed-borne * and
Listeria spp. have been detected from 1.2% to 60% of
the silage samples **’. Also, Listeria spp. have been
isolated from 2% to 6.1% milk samples from cows fed
with silage v. In a study by Fenlon et al.”® has been stated
that 29-31% of cattle started to shed L. monocytogenes
after silage feeding.

The aim of this study was to investigate the presence
of Listeria species in the milk and silage samples obtained
from fifteen different farms in Burdur. The milk obtained
from cows fed and not fed with silage were compared in
terms of Listeria, and its importance in contamination of
silage was put forward.

MATERIAL and METHODS

Sampling

Five research centers in Burdur were determined for
sampling. Three different farms in every research center
were visited every month between December 2007 and
May 2008. In fifteen farms, seventy five silage samples,
85 milk samples obtained from cows fed with silage and
90 milk samples obtained from cows not fed with silage
were collected. The samples were collected in sterile
plastic bags and transported to the laboratory in boxes
containing ice.

Isolation and Identification of Listeria spp.

All procedures were applied according to the FDA-
Bacteriological Analytical Manual *. All media used were
obtained from Oxoid (Oxoid Ltd., Hampshire, UK). Each
sample (25 g/ml) was taken and placed in a stomacher
bag to which 225 ml of sterile Listeria Selective
Enrichment Broth (Oxoid) was added and homogenized

with a stomacher (Masticator, IUL Instruments-Spain)
for 1-3 min and incubated at 30°C for 48 h. A loopful of
homogenate was surface streaked in duplicate on
Palcam agar (Oxoid) and Oxford agar (Oxoid). The
Palcam plates were incubated at 37°C for 48 h under
microaerophilic conditions and Oxford plates at 35°C for
48 h under aerobic conditions. All colonies surrounded
by a brownish green and/or black halo were taken as
possible Listeria spp. One suspected Listeria spp. colony
from each plate was chosen and purified on tryptic soy
agar (Oxoid CM 131) with 0.6% yeast extract (Oxoid L
21) and incubated at 30°C for 24-48 h for further bio-
chemical characterization. Presumptive Listeria isolates
were confirmed and identified at the species level based
on Gram staining, typical umbrella motility in SIM
medium (Oxoid CM 435), Hz2S production, indole, urease,
catalase, oxidase reaction, B-hemolysis, nitrate
reduction, methyl-red/voges-proskauer (Oxoid CM 43),
CAMP tests and fermentation of mannitol, L-rhamnose,
D-ksilose, sorbitol, dextrose, maltose, esculin, dulcitol
and salicin ****, Serotyping of isolates was performed
with Bacto-Listeria-O-antisera types 1 and 4 and poly
(Difco Laboratories, Detroit, M) by the slide agglutination
test **.

Measurement of pH Values of the Samples

After the samples were collected for microbiologic
analysis, the pH values of the milk samples were
measured with an electronic pH meter (Metrohm 704
pH Meter). A 25-g aliquot silage sample was blended
with 100 ml of deionized water for 2 min and filtered
through four layers of cheesecloth. Then the pH of the
extract was measured %.

Statistical Analysis: The results were analyzed using
Minitab-15 with the chi-square analysis.

RESULTS

Overall, L. monocytogenes was found in 6 (2.4%) out
of 250 samples. Five (6.66%) of the 75 silage samples
and 1 (1.17%) of the 85 milk samples obtained from fed
with silage were contaminated with L. monocytogenes,
whereas no Listeria spp. were isolated from the 90 milk
samples from cows not fed with silage. The differences
between isolation rates of L. monocytogenes were
statistically significant (x’=8.02; P=0.018; P<0.05) (Table
1). Two selective plating media Palcam and Oxford were
compared for isolating L. monocytogenes from the
samples, and the isolation rates from these media were
found to be equal.

In the present study, the pH values of the milk
samples varied between 6.6 and 7.1, and the pH values



Table 1. The isolation rate of L. monocytogenes isolated from
milk and silage °

Tablo 1. Siit ve silgjlarda L. monocytogenes izolasyon orant ©

L. monocytogenes

Sample Type

and Number (n) n %
Silage (n: 75) 5 6.66
The milk of cows fed 1 117

with silage (n: 85)

The milk of cows not fed

with silage (n: 90)

Total (n: 250) 6 24
@ Chi-square statistic is significant, x’=8.02,; P=0.018; P<0.05

of the silage varied between 4.1 and 8.7. In the silage
samples contaminated with L. monocytogenes, the pH
values varied between 5.1 and 8.3, and the pH value of
the milk sample contaminated with L. monocytogenes
was 6.9.

As the collection period of the milk and silage samples
was compared in isolation, the contamination of L.
monocytogenes was found higher in March (3 silage
samples) than in January (2 silage samples) and February
(1 milk sample from the cows fed with silage).

In this study, for the serotype determination of 6
isolates defined as L. monocytogenes Difco Bacto O
Antiserum type 1 and type 4, and type poly were used.
The results were as follows: 5 isolates (1 milk and 4
silage samples) type poly and type 4, 1 isolate (1 milk
sample) type poly.

DISCUSSION

The isolation rates of Listeria spp. in silage has
been demonstrated in several studies carried out in
Turkey and in other countries **7%?* In this study, L.
monocytogenes was detected in 6.66% of the 75 silage
samples. This percentage is lower than the results
reported by Oliveira et al.”® and Grgnstgl *, but similar to
the 6.1% obtained by Vilar et al.*” In Turkey, Aslantas
and Yildiz # isolated L. monocytogenes from 1 of 11
silage samples. However, Sahin et al.* did not isolated L.
monocytogenes from the silage, but isolated L. welshimeri
and L. grayi. In this study, the low isolation rate of L.
monocytogenes in silage may be accounted that high-
quality silage is produced by mostly producers.
However, in our study, silage samples contaminated
with L. monocytogenes was obtained only from wet
silage. In the illumination of this result, we cold say that
and rainy weather conditions are the cause of this
result.
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Many researchers have investigated L. monocytogenes
contamination of milk #***#2 and Ljsteria species have
been detected from 0.40% to 10% of milk samples
&2112323 In Turkey, the isolation rates from raw milk
samples have been reported 0.45% in istanbul 7, 0.94%
in Ankara 7, 1.20% in Van ®, 3% in West Anatolia ® and 5%
in Ankara . In other countries, the reported isolation
rates from bulk tank milk samples were 1.2% in
Pennsylvania *, 4.9% in Ireland * and 6.5% in the United
States . The sources of Listeria spp. in raw milk
have been reported to be fecal * and environmental
contamination during the milking, storage, and transport
of infected cows on dairy farms, and poor silage quality *.

In the present study, Listeria species were not found
from cow’s milk samples not fed silage. But, 1.17% of the
milk samples obtained from cows fed with silage were
contaminated with L. monocytogenes. However, Sahin et
al.* have reported that L. monocytogenes was not isolated
from the silage and milk samples of cows fed with silage,
but L. welshimeri and L. grayi were isolated. Vilar et al.”
detected Listeria spp. in 33.7% of silage samples and in
16.3% of milk samples. Donnelly * observed that 8 of 44
Holstein cows fed Listeria-contaminated silage shed the
organism in their milk. Furthermore, milk from these
animals was free of L. monocytogenes one month after
feeding of contaminated silage ceased.

In our study, two selective plating media Palcam and
Oxford were compared for isolating of L. monocytogenes
from the samples, and the isolation rates from these
media were found to be equal, which is consistent with
the reports by Art and Andre *, Capita et al.*® and Uysal
and Ang’.

L. monocytogenes has thirteen serotypes, but, only
three serotypes-4b, 1/2a and 1/2b-are responsible for
the majority of veterinary and human listeriosis cases ¥'.
In this study, for the serotype determination of 6 isolates
defined as L. monocytogenes, O Antiserum type 1 and
type 4, and type poly were used. The results were as
follows: 5 isolates (1 milk and 4 silage samples) type
poly and type 4, 1 isolate (1 milk sample) type poly. Van
Kessel et al.” isolated L. monocytogenes from 56
(6.5%) of 861 bulk-tank milk samples, and serotyping
of these isolates yielded 5 serotypes (1/2a, 1/2b, 3b,
4b, and 4c). Jayarao and Henning * reported isolating
L. monocytogenes in 6 (4.6%) of 131 bulk-tank milk
samples and all isolates of L. monocytogenes belonged
to O antigen type 1.

Multiple studies have reported seasonal variations of
Listeria spp. isolation, some report that contamination
rates increase during the summer months *°, while
others “reported increased rates during winter. Gaya et
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al.* found that raw caprine milk contamination by Listeria
spp. was seasonal; the incidence in the autumn (9.33%)
and winter (5.14%) samples was higher than the incidence
in the spring (0.85%) and summer (0.85%) samples. Uraz
and Yicel 7isolated 1 of the L. monocytogenes in winter
whereas the other one was isolated in the spring season.
Two factors may explain the increased isolation rate
during March in our study: (1) March is usually very rainy
in Burdur, and water is moisturised silage. Therefore, the
quality silage is changed. (2) Seasonal differences in the
incidence of Listeria spp. in raw milk may also be related
to breeding practices. Dairy cattle typically bear their
young in late winter or early spring. During winter
gestation, dairy cattle develop a weakened immune
system as a direct result of pregnancy, which, in turn,
makes these animals more susceptible to listerial
infections and abortions *.

The pH values of the silage samples from which
Listeria spp. were isolated ranged from 5.1 to 8.3.
Different range from those observed in other studies
were 3.8 to 5.2 in Rea et al.**, 5.78 to 5.89 in Ryser et
al.*®, and 4.47 to 6.97 in Vilar et al.”. A variety of studies
have confirmed that L. monocytogenes contamination is
most frequently associated with poor-quality silage .
Poorly fermented silage, which has a pH greater than
5.5, is ideal for Listeria growth **. However, Fensterbank
et al.® identified Listeria spp, including L. monocytogenes,
in 11 of 31 high-quality silage samples with pHs of 3.6 to
4.0. In our study, the pH value of the milk and silage
samples contaminated with L. monocytogenes was
greater than 6.6. We believe that the contamination
sources of Listeria spp. are the consumption of bad-
quality silage, subjected to inadequate fermentation,
with pH values higher than 4.0, which allows the
multiplication of Listeria spp.

As a conclusion, the isolation of L. monocytogenes
from milk and silage samples in Burdur indicates that
these products could create a serious risk to the public
health and could have a potantial risk for animals.
Correct practices with respect to silage production and
milking are essential for preventing introduction of
Listeria into the herd, its spread within the herd, and its
entry into milk. The risk of contamination of milk by
Listeria spp. increased when animals were fed low-
quality silage, notably silage with pH >4.5. Although the
contamination ratio is very low in this research, Listeria
contamination must be obstructed or minimized to
achieve standard conditions.
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Summary

In this study, the effect of potassium sorbate at 0.01%, 0.05% and 0.1% on the some microbiological (total aerobic
mesophilic bacteria-TAMB, coliform bacteria, Lactobacillus-Leuconostoc-Pediococcus, Stapylococcus-Micrococcus, enterococcus
and yeast-mold) and chemical (pH, acidity) properties of cokelek stored at 4+1°C or 22+1°C was investigated. It was seen that
adding potassium sorbate at 0.01%, 0.05% and 0.1% to cokelek did not have an effect on numbers of TAMB, coliform
bacteria, lactobacillus- leuconostoc- pediococcus, staphylococcus-micrococcus in cokelek stored at both 4+1°C and 22+1°C
(P>0.05). However, adding potassium sorbate at 0.05% and 0.1% to cokelek had an effect on numbers of enterococci and
yeast-mold in cokelek stored at 4+1°C (P<0.05). It was also not observed significant difference in pH and acidity levels between
control group and treatment groups containing potassium sorbate during storage period (P>0.05).

Keywords: Cokelek, Microbiological quality, Storage temperature, Potassium sorbate

Potasyum Sorbatin Farkli Sicakliklarda Muhafaza Edilen Cokelegin
Bazi1 Mikrobiyolojik Ozellikleri Uzerine Etkisi

Ozet

Bu calismada, %0.01, 0.05 ve %0.1 oraninda potasyum sorbatin 4+1°C ve 22+1°C’de muhafaza edilen ¢dkelegin bazi
mikrobiyolojik (toplam aerobic mezofil bakteri, koliform bakteri, Lactobacillus-Leuconostoc-Pediococcus, Stapylococcus-
Micrococcus, enterococcus ve maya-kuf) parametreleri ile pH ve toplam asidite (laktik asit cinsinden) Uzerine etkileri arastirildi.
Hem 4+1°C’de hem de 22+1°C’de muhafaza edilen ¢okelek érneklerine %0.01, 0.05 ve %0.1 oraninda potasyum sorbat
ilavesinin toplam aerobik mezofil bakteri, koliform bakteri, Lactobacillus-Leuconostoc-Pediococcus, Stapylococcus-Micrococcus
sayilari Uzerine herhangi bir etkisinin olmadig: gérildi (P>0.05). Bununla birlikte, 4+1°C’de muhafaza edilen ¢ékelek
orneklerinde %0.05 ve %0.1 oraninda potasyum sorbat ilavesinin enterococcus ve maya-Kif sayilari tizerine etkili oldugu
bulundu (P<0.05). Cékelek érneklerinin muhafaza sireleri boyunca, kontrol grubu ve potasyum sorbat ihtiva eden gruplar
arasinda pH ve asidite bakimindan bir fark gértlmedi (P>0.05).

Anahtar sézciikler: Cékelek, Mikrobiyolojik kalite, Muhafaza sicakligi, Potasyum sorbat

INTRODUCTION

Cokelek is a popular traditional dairy product in
Turkey. Cokelek is produced by diluting yoghurt at 1:1
ratios with potable water and churned for separation of
milk fat, and then fat is removed. The remaining portion
is boiled until precipitation. The arising precipitate is
placed into cloth bags and hanged for overnight for

removal of excess fluid. Then, it is kept under pressure
for a short time (ca. 1 h) to reduce water content. It is
then removed into a large pot and kneaded by hand
adding salt at 1 or 2% (w/w). The average values of the
chemical parameters of cokelek are 3.8 for pH, 1.25% for
acidity (lactic acid), 0.95 for water activity, 1.38% for fat,
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21.43% for dry substance, and 17.91% for protein *.
Cokelek is sold without packing under refrigerated or
ambient temperature in markets or bazaar. The major
problem regarding cokelek is that the shelf life of the
product is very short due to traditional production
method is used, and the main cause of spoilage is the
growth of yeast and molds 2.

Various preservatives have been used against spoilage
of dairy products, especially against mold growth. The
most frequently used preservative for this purpose is
the sorbic acid and its salts **. Antimicrobial effects of
sorbates may vary depending on multiple factors in
foods including pH, water activity (aw), initial microbial
flora and other additives used °. Potassium sorbate is
permitted to be used in dairy products up to 1000
mg/kg concentration according to Turkish Food Codex ’.
There are some studies investigating the effects of
potassium sorbate in some dairy products which is
popular in Turkey including white cheese, kashar cheese
and yoghurt *°. At present, no published study was
found on use of sorbates for preservation of cokelek.
There is also no standard for cokelek in Turkey.

The aim of this study was to investigate (i) the
minimum concentration of potassium sorbate that is
needed to limit the growth of yeast and mold in cokelek
(ii) the effect of potassium sorbate on microbiological
quality, pH and acidity levels of cokelek stored at 4+1 or
22+1°C.

MATERIAL and METHODS

Preparation of Cokelek

Experimental cokelek samples were produced from
yoghurt at our laboratory. Briefly, yoghurt was diluted
1/1 ratio with tap water and heated to 90°C. After it was
cooled to room temperature, it was transferred to cloth
bags and hanged for overnight for removal of excess
fluid. Then, it was kept under pressure for a short time
(ca. 1 h) to reduce water content. The resulting curd was
called as crude cokelek.

Adding Potassium Sorbate

Crude cokelek was divided into 4 equal portions for
treatment groups. Treatment groups were called as
group A with 2% salt (control), group B with 2% salt + 10
mg/kg potassium sorbate, group C with 2% salt + 100
mg/kg potassium sorbate, and group D with 2% salt +
1000 mg/kg potassium sorbate. A 100 g portion of
cokelek samples in each group were placed into
styrofoam plates and wrapped with saran film. The
resulting packages in each group were further divided

into two groups, and then, they were stored at 4+1°C or
22+1°C.

Microbiological Analyses

The samples were taken from crude cokelek, and on
days 0, 5, 15, 25, 35, 45, 55, 65 and 75 during storage
period of cokelek for microbiological and chemical
analyses. A 10 g sample from each package was
aseptically transferred to sterile stomacher bag and 90 ml
% Ringer solution was added before homogenizing for 2
min using a stomacher (BagMixer® 400, Interscience).
Serial dilutions were prepared from the 10* dilution.
Bacterial populations were enumerated using Plate Count
Agar (Oxoid) for total aerobic mesophilic bacteria after
incubation at 30£1°C for 72 h, Violet Red Bile Agar (Oxoid)
for coliforms after incubation at 30£1°C for 24 h, Ragosa
Acetate Agar for Lactobacillus- Leuconostoc- Pediococcus
after incubation at 30+£1°C for 5 days, Thallous Acetate
Tetrazolium Glucose Agar (TITA) of Barnes for Enterococcus
spp. after incubation at 45+1°C for 48 h *°, Potato Dextrose
Agar (Oxoid) with pH 3.5 (acidified with 10% tartaric acid)
for yeast and mold after incubation at 21+1°C for 5 days
' Mannitol Salt Agar (Oxoid) for Staphylococcus-
Micrococcus after incubation at 37+1°C for 36-48 h *.

Chemical Analyses

The pH values of samples were recorded by using a pH
meter (pH 2001, Selecta). Titratable acidity as %lactic acid
was determined in accordance using method described
for yoghurt by Turkish Standards Institute (TS 1330) ®.

Statistical Analyses

The study was composed of three independent
replicates. The numbers of bacteria were converted to
logio cfu/g before calculating means and performing
statistical analyses. The data were analyzed by analysis
of variance (ANOVA) for main (fixed) effects (treatment,
storage temperature, and sampling days) and three way
interactions between treatments, storage temperature
and sampling days by using Statistical Analysis System *.
The means were separated by using Fisher’s Least
Significant Differences (LSD) test according to General
Linear Model (GLM) procedures. Statistical significant
level was accepted as 5% (P<0.05).

RESULTS

The data for microbiological analyses of cokelek
stored at 41+1°C or 22+1°C were presented in Table 1
and 2, respectively. The data for pH level and titratable
acidity of cokelek samples during storage at 4+1°C or
22+1°C were showed in Fig. 1, 2, 3 and 4, respectively.
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Table 1. Effects of various potassium sorbate levels on viability of some microorganisms in cokelek during storage at 4+1°C (log10 cfu/g)
Tablo 1. Cesitli potasyum sorbat diizeylerinin 4+1°Cde muhafaza edilen ¢okeleklerde bazt mikroorganizmalarwin yasamu iizerine etkisi (log10 cfu/q)

. . Crude Storage Days
Microorganisms Cokelek Groups
0 5 15 25 35 45 55 65
Total Aerobic 7.89 = 6.98 = 7.94 = 7.98 = 8.05 = = = =
Mesophilic 6.90 7.27 = 6.50 = 6.86 = 714 = 7.49 = 8.91 = = =
Bacteria 772> 6.50 = 6.64 = 6.66 = 7.88 = 8.02 = 8.65* =
7.77 = 6.11 = 6.54 = 6.57 = 7.48 = 7.71 = 7.76 = 8.02°
1.67 = 1.49 = 1.67 = 133= 1.00 = - - -
Coliform 1.00 2.09 = 1.69 = 1.63 = 1.56 = 112 <1.00 = = =
1.00 = 172 = 145 = 1.30 = <100~ <100= <1.00*=

1.00 = 1.51= 133 = 1.20= <1.00 = <1.00 = <1.00 = <1.00*

7.98 = 7.28 > 6.86 = 7.03 = 7.04 = =
6.06 = 7.54 = 6.43 = 6.15 = 6.60 = 6.15 = =
6.89 = 7.18 = 548 = 528 = 6.04 = 591 = 6.85 = =
7.06 = 7.04 = 6.30 = 5.61 = 5.64 = 5.90 = 6.33 = 7.03°
283 = 233 = 202 = 1.92 = 238 = =
210 = 2.03 = 1.59 = 210= 232= 213 =

Lactobacillus-
Leuconostoc- 5.99
Pediococcus

Staphylococcus-

Micrococcus 1.83 3.06 = 1.99 = 1.62 = 1.69 == 2.30= 2.02 = 1.82 = -
266% 202+  165%  164%  201%  149%  168=  110°
185=  151=  202%  203%  132= - - -

terococcus Lss 219 100"  159=  136% 101"  <100* : -

: 177=  100%  162% 170  143=  <100* <100 -
<100 <100% 165%  <100% <100% <100® <100% <100
577=  686=  661=  701% 689 - - -
624  625%  625%=  607=™ 592w 573 - -
Vst e (.2l Sl 579=  597=  568= 539w 520w  496%  481= -

ON@W>» UNW>» UNW@W>» ON®W>» UON®®> UON >

5.38 = 549 = 5.10 = 483> 474 4.64 = 435 = 4.19°

- : Not analyzed due to spoilage of the product, a,b: Means with the different superscripts within the same row are significantly different
(P<0.05), z,y: Means with the different superscripts within the same column are significantly different (P<0.05)

Table 2. Effects of various potassium sorbate levels on viability of some microorganisms in cokelek during storage at 22+1°C (logio cfu/q)

Tablo 2. Cesitli potasyum sorbat diizeylerinin 22+1°Cde muhafaza edilen ¢bkeleklerde bazi mikroorganizmalarin yagsamu iizerine
etkisi (log1o cfu/g)

Crude Storage Days
Microorganisms Cokelek Groups
okele 0 5 15 25
Total Aerobic A 789" 862+ ) )
Mesophilic 6.90 B 727" 8.04= ) )
Bactons ' C 7.72= 8,26 = . .
D 7.77 = 8.66 = 7.67* 8.11*
A 167 = 232= = =
. B 2.09 = 224 = = =
Coliform 1.00 C 1.00 = 2410 ) _
D 1.00 = 240" 1,62 1422
. A 7.98 = 7.52 = = =
tZﬁt&bna(fs"tlgi 5.99 8 6.06™ /.00~ - N
Pediococcus ' C 6.89 6.91 = - 4.94°*
D 7.06 = 6.34 = 5.25%*
A 2.83= 234 = = =
Staphylococcus- 183 B 210 = 201 = - -
Micrococcus : @ 3.06 = 183 = = =
D 2.66 = 240 = 187* 1472
A 1.85 173 = - -
B 219 = 1.62 * - -
Enterococcus 1.85 C 177 = 148 = _ _
D <1.00 ¥ <1.00 > <1.00® <1.00°
A 577 = 746 = = =
B 6.24 = 6.78 = = =
Yeast and Mold 5.07 c 579 = 567 = _ _
D 5.38 = 6.50 = 468* 5.36°

- : Not analyzed due to spoilage of the product, a,b: Means with the different superscripts within the same row are significantly different
(P<0.05), z,y: Means with the different superscripts within the same column are significantly different (P<0.05)
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DISCUSSION

When it was inspected the effects of potassium
sorbate with different concentration on counts of total
aerobic mesophilic bacteria (TAMB) of cokelek samples
within the same storage group (Table 1 and 2), it was
not seen significant differences during their storage
period (P>0.05). After treatment groups were prepared,
TAMB increased in all groups on day 0 of storage period.
And then, the numbers showed regular increase during
the storage period and were found to be 8.05 logio for
control group on day 35, 8.91 logio for group B on day
45, 8.65 logio for group C on day 55 and 8.02 logio for
group D on day 65 of storage period at 4+1°C (Table 1).
Numbers of TAMB, in all samples stored at 22+1°C, were
found to be above 8 logio on day 5 of storage (Table 2).
Lack of significant effect of potassium sorbate on TAMB
has been supported by the results of previous studies
carried out in white cheese and kashar cheese %%,
However, it should be emphasized that there are other
studies reporting that potassium sorbate had been
found to be significant effect on TAMB ***%. This
discrepancy may be due to the different material and
the composition of flora.

Level of coliform bacteria insignificantly increased in
group A (control) and group B on day 0, and group C and
group D on day 5 of storage period at 4+1°C (Table 1).
After day 15 of storage period, coliform numbers
continuously decreased in all groups stored at 4£1°C
during the remaining period of storage. Their numbers
dropped below detection limit on day 35 in group C and
D, on day 45 in group B. Numbers of coliforms in samples
stored at 22+1°C increased on day 5 of storage. After
day 5, coliform numbers in group D continuously

Storage days

decreased and was found to be 1.42 logio on day 25 of
storage (Table 2). In a study * carried out on kashar
cheese noted that the potassium sorbate at 500 mg/kg
concentration in the cheese samples decreased coliform
bacteria counts. However, it was not seen statistical
analyses on effect of potassium sorbate on coliform
bacteria in the study mentioned. In the present study,
when the results related to coliform bacteria counts
were inspected, it was seen a decrease their counts in
all groups during the storage period, not excepting
control group. However, no significant differences were
observed between treatment groups within the same
storage group or the different storage group (P>0.05).
There have not been sufficient literatures about the
antimicrobial effect of potassium sorbate on growth of
coliform bacteria.

The numbers of Lactobacillus - Leuconostoc -
Pediococcus, in all groups stored at 4+1°C, decreased
until on day 25 of storage period, and then continuously
increased at the remaining period of storage (Table 1).
No significant differences were observed between
treatment groups during storage period (P>0.05). These
results are in agreement with findings of other
researchers *** who reported that inhibitory effect of
potassium sorbate on this group of microorganisms was
very limited (P>0.05). When it was inspected this group
of bacteria in samples stored at 22+1°C, however, their
numbers continually decreased in group D (1000 mg/kg
potassium sorbate) during storage time of 25 days, and
it was seen significant difference between days in this
group of cokelek (Table 2). This result may be due to
more decrease in pH level (pH 3.8) or increase in titratable
acidity (2.14% as lactic acid) in this group on day 15 of
storage (Fig. 3 and 4).
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The numbers of Stapylococcus-Micrococcus was
lower in products treated with higher concentration of
potassium sorbate and stored at 4x1°C (Table 1).
Statistical analyses showed that the numbers of these
bacteria were not significantly different between the
treatment groups (P>0.05). Moreover, changes in the
numbers of these organisms within individual groups
during storage indicates that potassium sorbate was not
effective on Stapylococcus-Micrococcus (P>0.05) (Table
1 and 2). Our results are contradictory to the results
reported by Nizamlioglu et al °. This difference can
possibly be explained by the use of higher concentration
potassium sorbate (%1, 2%, 3%) in their study.

The numbers of enterococci decreased in all treatment
groups until day 5 of the storage. In those products
stored at 4+1°C, enterococci numbers increased until day
10, and then showed a decrease during the remaining
period of the storage. Moreover, their number dropped
below detection limit in groups C and B on day 45. In
group D in which potassium sorbate was used at high
level, no enterococcus spp. was recovered during the
storage, even on day O (Table 1). In products stored at
22+1°C, numbers of enterococci decreased on day 5 of
storage and as expected, no enterococci were recovered
in group D during storage period. Numbers of
enterococci were lower in cokelek containing potassium
sorbate at 0.05% or 0.1% than control groups (P<0.05)
(Table 1 and 2). This may indicate that potassium
sorbate might be effective on survival of this group of
bacteria, as previously reported by Dogruer et al 2.

The numbers of yeast and mold was initially 5.07 log
cfu/g in crude cokelek, and it was generally lower in
groups containing potassium sorbate compared to
control group (Table 1 and 2). The numbers of yeast
and mold was lower in product treated with higher
concentration of potassium sorbate (group D) during
storage period at 4+1°C. It was also observed that the
numbers of yeast and mold continuously decreased in
groups containing potassium sorbate as storage periods
increased (Table 1). No significant differences were
observed between days (P>0.05) during storage period
of products at 4£1°C, and there were no significant
differences between groups until day 25 of storage. On
day 25 and 35 of storage, significant differences were
observed between group D and control group depending
on continuously decrease of the numbers of yeast and
mold in the group D treated with higher level of potassium
sorbate during storage period (P<0.05) (Table 1). Our
findings are in agreement with findings of other
researchers who studied on the effect of potassium
sorbate on yeast and mold in different products ****.
Statistical analyses, however, showed that potassium

sorbate was not effective on yeast and mold in cokelek
stored at 22+1°C (P>0.05), even though in higher
concentration such as 1000 ppm (Table 2). It has been
noted that antimicrobial effect of potassium sorbate
increases as the storage temperature decrease . This
information may explain, in the present study, why
potassium sorbate had no effect on yeast and mold in
cokelek stored at 22+1°C.

The data for pH and acidity were presented in Fig. 1-
4. pH levels in crude cokelek was 3.9, this level
insignificantly decreased to 3.7 until on day 15 of
storage, and then increased to 4.2 for group B on day
45, 4.3 for group C on day 55 and 4.4 for group D on day
65 of storage at 4+1°C (Fig. 1). pH level of control group
was detected 3.6 on day 35 of storage. Acidity level as
lactic acid was 1.43 in crude cokelek. This level
increased to 1.76 for control group on day 35, 2.03 for
group B and C on day 45 and 55, 2.05 for group D on day
65 of storage at 4+1°C (Fig. 2). As for samples stored at
22+1°C, pH levels of samples increased to 4.2-4.3 for all
groups on day 5. After day 5, pH level of group D
decreased to 3.7 on day 25 of storage (Fig. 3). Acidity
levels of these samples were found to be 1.3% for
control, 1.8% for group B and C, 1.7% for group D on day
5. After day 5, acidity level of group D increased to 2.1
on day 25 of storage (Fig. 4). Statistical analyses showed
that data obtained from samples were not significantly
different (P>0.05) between control and treatment
groups depending on temperature and period of storage.

Determining the right concentration of a preservative
to be used in a food is not easy. The type of the food,
the initial microbiological load, and conditions of
processing and storage are important factors that effect
the concentration of the preservative to be used ®. In
the present study, all findings showed that
application of potassium sorbate at concentration of
100, 500 and 1000 ppm did not have an effect on
numbers of total mesophilic aerobic bacteria, coliform
bacteria, lactobacillus- leuconostoc- pediococcus and
staphylococcus-micrococcus in cokelek stored at both
4+1°C and 22+1°C. However, potassium sorbate of 500
and 1000 ppm had an effect on numbers of enterococci
and yeast-mold in cokelek stored at 4+1°C, not 22+1°C.
It was also observed that shelf life of cokelek was
depending on the level of potassium sorbate added and
storage temperature. However, due to cokelek is
produced under unmechanized or artisanal conditions in
small dairy plants or on farms; it is difficult to find a
standard product with respect to composition and
microbiological quality of cokelek. Therefore, it is
needed further research on suitable preservatives on
cokelek.
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Summary

During a year period, at 150 from each food group, a total of 750 samples including ice cream, raw milk, feta cheese,
chicken drumsticks and minced meat collected from markets located in the northeast region of Turkey (Kars, Ardahan and
1gdir) were analyzed for determining of Yersinia spp. incidence. Fifty seven of samples (7.6%) were evaluated as positive for
Yersinia spp. and 18 (2.4% in total) of them, isolated from 6 feta cheese, 4 ice cream, 2 chicken drumsticks, 4 minced meat
and 2 raw milk samples, were identified as pathogenic Y. enterocolitica. All the 18 pathogenic strains were tested for their
antimicrobial susceptibility and some of the isolates were found to be resistant to ticarcillin (n=6), netilmicin (n=5), tetracycline
(n=1) streptomycin (n=17), gentamicin (n=12), kanamycin (n=17), furazolidone (n=6), clindamycin (n=18) and cephazolin
(n=18) while all of them were susceptible to sulphamethoxazole/trimethoprim, ciprofloxacin, chloramphenicol and imipenem.
According to findings, cold enrichment at 4°C for 14 days seems to be more effective for isolation of Yersinia spp. than
enrichment at 25°C for 24 h.

Keywords: Yersinia enterocolitica, Pathogenicity, Animal Originated Foods

Tiirkiye'de Gidalardan izole Edilen Yersinia entocoliticanin
Yayginligi ve Patojenitesi

Ozet

Kars, Ardahan ve Igdir'da yer alan marketlerden, bir yil boyunca, her bir gidadan 150’ser adet olmak Uzere, toplam 750
ornek (cig stt, dondurma, taze beyaz peynir, tavuk budu ve kiyma) toplanarak Yersinia spp. varigi arastirilmigtir. Orneklerin
57'sinden (%7,6) Yersinia spp. izole edilmis ve bunlar icerisinde 6’s1 beyaz peynir, 4'i dondurma, 2’si tavuk butu, 4’0 kiyma ve
2’si ¢ig sit olmak Uzere toplam 18 gidadan (% 2,4) elde edilen izolatlar, patojenik Yersinia enterocolitica olarak identifiye
edilmistir. 57 gida érneginden %31,57 oraninda patojenik Y. enterocolitica identifiye edilmistir. Antibiyotik duyarliigi yéniinden
incelenen 18 susun ticarcillin (n=6), netilmicin (n=5), tetracycline (n=1) streptomycin (n=17), gentamicin (n=12), kanamycin
(n=17), furazolidone (n=6), clindamycin (n=18) ve cephazolin’e (n=18) direncli oldugu gérulirken, timunun
sulphamethoxazole/trimethoprim, ciprofloxacin, chloramphenicol ve imipenem’e duyarl oldugu belirlenmistir. Elde edilen
bulgular, soguk zenginlestirme (4°C’de 14 giin) yénteminin, 25°C’de 24 saatlik zenginlestirme prosedirine gére Yersinia spp.
izolasyonunda daha basarili olduguna isaret etmistir.

Anahtar soézciikler: Yersinia enterocolitica, Patgjenite, Hayvansal gidalar
INTRODUCTION

The genus Yersinia is a member of the family composed of 11 species, of which three (Y. pestis, Y.
Enterobacteriaceae and includes pathogenic and several  pseudotuberculosis, and Y. enterocolitica) have clearly
non-pathogenic strains **. The genus Yersinia is been shown to cause human disease. The remaining
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eight species considered as nonpathogen (Y. frederiksenii,
Y. intermedia, Y. kristensenii, Y. bercovieri, Y. mollaretii, Y.
rohdei, Y. ruckeri and Y. aldovae) have not been studied
extensively due to the absence of classical Yersinia
virulence markers 3. Currently, Y. enterocolitica is
represented by six biovars (1A, 1B and 2-5) and more
than 50 serovars. The virulence of the pathogenic biovars
namely 1B and 2-5 is attributed to the presence of a
70-kb pYV (plasmid for Yersinia virulence) and certain
chromosomal genes *. Y. enterocolitica is an important
entero-pathogen can cause acute enteritis (especially in
children), enterocolitis, mesenteric lymphadenitis, and
terminal ileitis. Colonization of the intestinal tract is the
primary event of the successful enteric pathogen °.

The pathogenic bacterium Y. enterocolitica has become
increasingly important as a food contaminant. Of special
significant in food hygiene is the ability of Y. enterocolitica
to grow in refrigerated foods °. The psychrotrophic
bacterium Y. enterocolitica which is able to grow at
temperatures close to 0°C is characterized by temperature-
dependent adaptations ’. Yersiniosis is a typical
foodborne disease. Yersinia has been frequently isolated
from a variety of foods like untreated milk, chocolate
milk, dairy cream and ice cream, vegetables like carrots,
tomatoes, lettuce, celery and mushrooms, raw hare,
beef and lamb. It has also been isolated from drinking
water °.

Difficulties associated with the isolation of pathogenic
Y. enterocolitica stem from the small number of
pathogenic strains in the samples and the large number
of organisms in the background flora, especially in food
and environmental samples. However, in order to get
epidemiological information, Y. enterocolitica isolates
are needed. Thus, at least one culture methods has to
be used in parallel to PCR method. Selective enrichment
is needed, especially when food samples are studied.
However, no single procedure is currently available
which will recover all bioserotypes °. However, the
detection, isolation and enumeration of Y. enterocolitica
remain problematic. The development of isolation
procedures which clearly differentiate pathogenic from
non-pathogenic variants has been difficult *°.

Y. enterocolitica and related species have been isolated
from many types of food *'**, The majority of these
food isolates differ in biochemical and serological
characteristics from typical clinical strains and are
usually mentioned 'non-pathogenic' or 'environmental'
Yersinia strains *V. It is important to determine the
pathogenic significance of the isolates. Y. enterocolitica
is thought to be a significant food-borne pathogen
although the incidence of the pathogenic isolates in
foods is low 7%

In the northeast region of Turkey, cheese, cream,
butter and ice cream are made traditionally using raw
milk. Although the consumption rate of unpasteurized
dairy products is gradually decreasing in Turkey, little no
more information about the incidence of pathogenic
Yersinia spp. has been documented. In this study, it
was aimed to evaluate the presence of pathogenic Y.
enterocolitica in some foods marketed in a part of the
northeast area of Turkey and determine of resistance of
isolates to some antibiotics.

MATERIALS and METHODS

Samples

A total of 750 samples including 150 ice cream, 150
raw milk, 150 fresh (feta) cheese, 150 chicken drumsticks
and 150 minced meat were collected from markets in
three cities (Kars, Ardahan and Igdir) located at the
Northeast of Turkey. Food samples were randomly
selected and delivered to the laboratory in an ice box at
4°C within 2 h from collection and tested immediately
upon arrival.

Isolation and Identification of Yersinia spp.

A 25 g of sample was aseptically added to 100 ml
0.01 M Phosphate Buffered Saline (PBS, pH 7.6) in a
sterile stomacher plastic bag and homogenized for 2
min. The homogenates were incubated at 25°C for 10
min. Different enrichment procedures were applied.
One of the methods was adding a 20 ml from homogenate
to 80 ml TSB (Trypticase soya broth- Oxoid CM 0129B)
and enriching at 25°C for 24 h. Another procedure was
adding a 20 ml from homogenate 80 ml PBS (Phosphate
Buffered Saline) and enriching at 4°C for 14 days (cold
enrichment). The samples were treated with KOH (0.5%
KOH in 0.5% saline) to suppress background flora after
enrichment. Subculturing on selective CIN agar plates
(Yersinia Selective Agar Base -Oxoid CM 0653B) was
applied according to the method of the FDA *. One to
five susceptible colonies of typical “bull’s eye” appearance
on the CIN agar plates, if available, were streaked onto
Tryptone Soya Agar (Oxoid CM 0131B) plates to create a
pure culture. All the isolates from pure cultures were
examined for Gram staining, utilization of Simmon’s
citrate, Kligler’s Iron agar reaction and urease activity .

Confirmation and Biogrouping of
Yersinia enterocolitica

All the isolates which were negative for utilization
of citrate, positive for urease activity and giving an
alkaline slant/acid butt without gas or H2S on KIA were
submitted to further testing. In order to identification



and biogrouping of isolates as Y. enterocolitica; activities
of oxidase, lysine decarboxylase, ornithine decarboxylase,
B-D-glucosidase, lipase and pyrazinamidase, utilization
of rhamnose, sucrose, xylose and trehalose, and salicin
were evaluated. Further analyses were also conducted
applying Esculin hydrolysis, Indole and Voges Proskauer
tests to isolates. The reference strain Y. enterocolitica O:
3 (serotype 920) used in this study were purchased from
culture collection of Refik Saydam Hygiene Center
Ankara, Turkey. Y. enterocolitica isolates were biotyped
according to the revised biogroup scheme of Wauters et
al.**, Schiemann and Wauters ? and FDA .

Testing for Pathogenicity Markers

Y. enterocolitica strains were tested for virulence by
Temp-Dependent autoagglutination (25°C-35°C) in
Methyl Red-Voges Proskauer broth (Oxoid CM 0043B),
occur of small red colonies on CR-MOX agar and Congo
red binding/crystal violet binding assays ***.

Antimicrobial Susceptibility

Determination of antimicrobial susceptibility of Y.
enterocolitica strains to antibiotics which are used to treat
of Yersiniosis was performed according to the National
Committee for Clinical Laboratory Standards (NCCLS) *
using Mueller Hinton agar (Oxoid CM 0337B) and
commercially available antimicrobial test discs (Table 2).
Results were recorded by measuring the inhibition zones
and scored as sensitive, intermediate susceptibility and
resistant according to the NCCLS * recommendations.
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RESULTS

Presence of Yersinia spp. in Food Samples

In this study, two different enrichment procedures
were applied to each sample as overnight and cold
enrichment. All of 18 strains were recovered after cold
enrichment for 14 days, but no strain was isolated from
the samples enriched at 25°C for 24 h in TSB. Out of the
750 analyzed food samples, 57 samples (7.6%) were
evaluated as positive for Yersinia spp. and 18 (2.4% in
total) of them, isolated from 6 feta cheese, 4 ice cream,
2 chicken drumsticks, 4 minced meat and 2 raw milk
samples, were evaluated as pathogenic Y. enterocolitica.
All the 18 pathogenic strains were tested for their
antimicrobial resistance. A total of 31.57% of the 57
food samples including Yersinia spp. were contaminated
by pathogenic Y. enterocolitica. Biotypes 1B, biotype 2, 3
and 4 were identified. Biotype distribution and test
applied were documented in Table 1.

Antimicrobial Susceptibility Test Results

No strain was resistant to sulphamethoxazole/
trimethoprim, ciprofloxacin, chloramphenicol and
imipenem. Six isolates were resistant to ticarcillin, 5
isolates netilmicin, and 1 isolate tetracycline whereas 17
isolates were resistant to streptomycin, 12 isolates
gentamicin, 17 isolates kanamycin, and 6 isolates
furazolidone. All of strains were resistant to clindamycin
and cephazolin (Table 2).

Table 1. Biogrouping results of Y. enterocolitica isolated from different food samples
Tablo 1. Degisik gida 6rneklerinden elde edilen Y. enterocolitica izolatlarinin biogruplart

Feta Cheese
Isolates

Icecream

Chicken

Drumsticks s

Minced Meat

=
N

4

8

9 11 12 13 14 15 16 17

4

e

SIS
1
1
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Voges Proskauer
Sucrose
Rhamnose - - = - - - _
Trehalose
Xylose
Salicin - = - - - - -
Ornithine
Lysine - - - = = - -
Oxidase - - = - - - -
B-D-Glucosidase - - = o - - -
Esculin - - = = - - -
Lipase

CR-MOX *
Autoagglutination
Pyrazinamidase - - - - - - _
Biotyping 1B

+ + +
+ + +
+ +
+
+
+ o+

4y
4n

+ o+
+ +

+ o+ o+

+ o+ o+

+ +

+

+ + +
+ + +
+ + +
+ +
+ +
+ + +
+ o+ +
+ o+
+ + +

+ +
+ +
+ +
+ +
+ +
+ +

* Small red colonies on CR-MOX agar
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Table 2. Antimicrobial susceptibility test results of pathogenic Y. enterocolitica isolated from food samples
Tablo 2. Patojenik Y. enterocolitica izolatlarinin antimikrobiyel duyarlilik test sonuclart

Antimicrobial Agent

Numbers of Isolates (%)

Susceptible Intermediate Resistant
Amikacin (30 mcg) (Oxoid CTO 107B) 7 (38.8) 3 (16.6) 8 (44.4)
Amoxycillin/Clavulanic acid (30 mcg) (Oxoid CTO 223B) 6 (33.3) 7 (38.8) 5 27.7)
Ampicillin (10 mcg) (Oxoid CTO 003B) - (0 8 (44.4) 10 (55.5)
Cefoperazone (75 mcg) (Oxoid CTO 249B) 1 (5.5 6 (33.3) 11 (61.1)
Cefotaxime (30 mcg) (Oxoid CTO 166B) 13 (72.2) 5 (27.7) - (0)
Cephazolin (30 mcg) (Oxoid CTO 011B) - (0 - (0) 18 (100)
Ciprofloxacin (5 mcg) (Oxoid CTO 425B) 18 (100) - (0) - )
Chloramphenicol (30 mcg) (Oxoid CTO 013B) 18 (100) - (0) - 0)
Clindamycin (2 mcg) (Oxoid CTO 064B) - (0 - (0 18 (100)
Furazolidone (15 mcg) (Oxoid CTO 448B) 4 (22.2) - (0) 14 (77.7)
Gentamicin (10 mcg) (Oxoid CTO 024B) 6 (33.3) - (0 12 (66.6)
Imipenem (10 mcg) (Oxoid CTO 455B) 18 (100) - (0) - 0)
Kanamycin (5 mcg) (Oxoid CTO 025B) 1 (5.5 - (0) 17 (94.4)
Netilmicin (30 mcg) (Oxoid CTO 225B) 10 (55.5) 3 (16.6) 5 (27.7)
Streptomycin (10 mcg) (Oxoid CTO 047B) 1 (5.5 - (0) 17 (94.4)
Sulphamethoxazole/trimethoprim (25 mcg) (Oxoid CTO 052B) 18 (100) - (0) - 0)
Tetracycline (30 mcg) (Oxoid CTO 041B) 15 (83.3) 2 (11.1) 1 (5.5)
Ticarcillin (75 mcg) (Oxoid CTO 167B) 7 (38.8) 5 (27.7) 6 (33.3)
Ticarcillin/Clavulanic acid (85 mcg) (Oxoid CTO 449B) 17 (944) 1 (5.5 - 0)
Trimethoprim (5 mcg) 11 (61.1) - (0) 7 (38.8)

All the 18 pathogenic strains were tested for their
antimicrobial susceptibility and some of the isolates
were found to be resistant to ticarcillin (n=6), netilmicin
(n=5), tetracycline (n=1) streptomycin (n=17), gentamicin
(n=12), kanamycin (n=17), furazolidone (n=6), clindamycin
(n=18) and cephazolin (n=18) while all of them were
susceptible to sulphamethoxazole/trimethoprim,
ciprofloxacin, chloramphenicol and imipenem.

DISCUSSION

In this study, 750 food samples were analyzed.
Pathogenic Y. enterocolitica was isolated from 18
samples (2.4%) of all the samples. Two different
enrichment procedures were applied to each sample as
overnight and cold enrichment. All of 18 strains were
recovered after cold enrichment for 14 days, but no
strain was isolated from the samples enriched at 25°C
for 24 h in TSB. A possible explanation for the very
low recovery rate after cold enrichment might be the
low number of pathogenic Y. enterocolitica strains
contaminated in food samples or high background
flora on the selective agar. In overnight enrichment at
room temperature, endogenous microflora overgrew,
suppressing the growth of Y. enterocolitica. The
psychrotrophic nature of Y. enterocolitica is unusual
among other Enterobacteriaceae; consequently,
enrichment in different solutions at 4°C for prolonged
periods has been used for isolation of Yersinia spp.®.
However, the time needed for this method is a dis-
advantage for routine analysis.

The isolation rate of Y. enterocolitica observed in
this study was close or considerably lower than that
of studies which had reported previously (Table 3).
This can be explained by differences in isolation and
identification methods, false analysis results which
might be occurred depend on methods used, different
seasons those samples obtained, and diversity of kind,
hygienic condition and also competing microflora of
samples. In this study, cheese and ice cream samples
appeared to be more noticeable samples among others.

Variety of research findings related to antimicrobial
susceptibility of Y. enterocolitica has been published
33538 Antibiotic susceptibility data for Y. enterocolitica

Table 3. Isolation of Y. enterocolitica from foods (literature data)
Tablo 3. Gidalardan Y. enterocolitica izolasyon oranlart (literatir
bilgisi)

Foods Country Inc'?ence Reference
(%)
Raw milk USA 6.1 26
Raw milk Turkey 20 16
Raw milk Iran 16 27
Raw milk Normandy 36 28
Cheese Argentina 0 29
Cheese Turkey 357 15
Cheese Morocco 4 30
Ice cream India 40.3 14
Ice cream India 0 31
Chicken meat Argentina 43 32
Chicken meat Spain 50 10
Chicken meat Austria 449 33
Minced meat German 0.5 34
Meat Spain 0 13




has been somewhat inconsistent and has validated
between concordance and nonconcordance among
different serogroups and biotypes 2. Aarestrup et al.”
reported that some of their Y. enterocolitica strains were
intermediate resistant against ampicillin although it had
been previously noted as naturally resistant. Indeed,
eight years before that study, Kwaga and Iversen * showed
that all or most of the strains were resistant against
ampicillin, clindamycin, cephazolin and amoxicillin-
clavulanic acid while 100% of them were susceptible to
sulfamethoxazole-trimethoprim, imipenem and ticarcillin-
clavulanic acid. We also found 8 (44.4%) isolates
evaluated as intermediate resistant against ampicillin in
addition to 10 (55.5%) resistant strains. Those results
are important for their role warning about ampicillin
resistance. In another study, Lyons et al.** reported that
100% of strains were resistant against tetracycline and
trimethoprim. In this study no strain was resistant
against trimethoprim and tetracycline. In another study,
Pham et al.* assessed the antibiotic susceptibility profile
of 100 clinical isolates of Y. enterocolitica. According
to their results, all the 100 isolates were uniformly
susceptible to chloramphenicol, ciprofloxacin, gentamicin,
tetracycline and trimethoprim. Our findings representing
susceptibility of all the strains investigated in this study
were parallel to those of Pham et al.*’. In an early study,
all Y. enterocolitica isolates were subjected to resistance
against tetracycline, gentamicin, kanamycin, trimethoprim
and chloramphenicol *. In this study, antimicrobial
susceptibility results of Y. enterocolitica isolates were
generally similar to that of previous ones. However, it is
difficult to predict warning signals about gaining resistance
ability of that Yersinia strain in time, investigating just 18
isolates.

Consequently, our results showed that raw and ready
to eat animal originated foods tested in this study were
contaminated with pathogenic biotype Y. enterocolitica
even though in low percentage and thereby represented
a risk to the consumers in regard to yersiniosis.
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Summary

Changes in the population numbers of Lactobacillus spp, Lactococcus + Leuconostoc spp. and yeasts in the kefirs made of
cows, ewes and goats milk were determined in this study. The highest count of Lactobacillus spp. was in ewe’s milk. There was
a slight or no difference in the goats and cow’s milk. At 24 h, one logio cfu/ml decrease was observed for Lactobacillus spp. in
cows and ewes milk. Lactobacillus spp. were more steady in goat milk with a half logio cfu/ml decrease. Lactococcus +
Leuconostoc spp. similarly reached their maximum populations in cow, ewe and goat milk at the time period of 15-24 h.
Lactococcus + Leuconostoc spp. in all milks were in parallel with the maximum populations of Lactobacillus spp. in ewe milk at
the time period of 12-15 h. Yeasts had similar numbers in cow, ewe and goat milk at the time period of 15-21 h. Some
decreases were observed in the numbers of Lactobacillus spp, Lactococcus + Leuconostoc spp, and yeasts of the kefirs kept at
4°C for 7 days. The decreases of Lactobacillus spp. in cows’ and goats’ milk kefirs were slight and similar, while one and half
logio cfu/ml decrease was counted in ewes’ milk kefir. The decrease in the numbers of Lactococcus + Leuconostoc spp. was
more pronounced than those of Lactobacillus spp. and yeasts. pH decreased during the fermentation and all remained
constant over the storage period of 7 days. The type of milk had an influence on the population development of kefirs. Ewe’s
milk supported the growth of Lactobacillus spp. and Lactococcus + Leuconostoc spp. better. This indicates that different milks
may influence the population development of kefir microflora which may affect the quality of kefir.

Keywords: Kefir, Milk, Lactic acid bacteria

inek, Koyun ve Keci Siitiinden Yapilan Kefirlerde Fermentasyon
Suresince ve Sogukta Muhafazada Laktik Asit Bakteri ve Maya
Populasyonunun Gozlemlenmesi

Ozet

Bu calismada, inek, koyun ve keci sitiinden yapilan kefirlerde Lactobacillus spp, Lactococcus + Leuconostoc spp. ve
mayalarin populasyon diizeyindeki degisim belirlendi. En yiksek Lactobacillus spp. dizeyi koyun sutinde saptandi. Kegi ve inek
sitinde ise ¢ok az veya hi¢ fark yoktu. Yirmi dérdinci saatte inek ve koyun sitinde Lactobacillus spp. i¢in bir logio cfu/ml
azalma goézlemlendi. Lactobacillus spp. keci sitlinde yarim logio cfu/ml azalma ile daha istikrarlydi. Lactococcus + Leuconostoc
spp. benzer olarak maksimum populasyonlarina inek, koyun ve keci sutinde 15-24 saatlik zaman periyodunda ulasti.
Lactococcus + Leuconostoc spp. butun sitlerde, Lactobacillus spp.’nin koyun sutinde 12-15 saatlik zaman periyoundaki
maksimum populasyonu ile parelellik icersindeydi. Mayalar inek, koyun ve keci siitiinde 15-21 saatlik zaman periyodunda
benzer diizeylere sahipti. 4°C’de 7 giin muhafaza edilen kefirlerde Lactobacillus spp., Lactococcus + Leuconostoc spp. ve maya
duzeylerinde azalmalar gézlemlendi. Lactobacillus spp.’de koyun sutl kefirinde bir bucuk logio cfu/ml azalma saptanirken, inek
ve keci sitl kefirlerindeki azalmalar az veya paraleldi. Lactococcus + Leuconostoc spp. duzeyindeki azalma, Lactobacillus spp.
ve maya'nin duzeyine gére daha belirgindi. pH fermentasyon strecinde diserken, 7 gunlik depo siresi boyunca degismeden
kaldi. Sutiln cesidinin kefirdeki populasyon gelismesine etkisi oldu. Koyun situnin Lactobacillus spp. ve Lactococcus +
Leuconostoc spp.’nin Uremesi icin daha uygun oldugu géruldi. Bu durum farkl sttlerin kefir mikroflorasinin populasyon
gelisimini etkileyebilecedine diger bir ifadeyle kefirin kalitesini etkileyebilecegine isaret etmektedir.
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INTRODUCTION

Milk has an essential role in most diets world-wide.
Consumption of milk and fermented milk products is
widespread and yet increasing. In developed countries
where there is an established dairy industry, new products
are being developed to sustain consumer interest.

In recent years, there has been more interest in
different fermented milk products known only to
particular countries with a view to adapting them for
commercial large-scale production in other parts of
world. Among the best known are yoghurt, acidophilus
milk, kefir, koumiss and yakult. In Turkey, kefir is made
traditionally at home but interest is growing and there
has been a promotion for its large-scale production due
to its health benefits *. Recently, kefir has been produced
on a commercial scale by a few dairy companies in
Turkey and available in big supermarkets. Few people,
however, recognize that these products are prepared by
bacterial and/or yeast action, and the characteristic
flavours and textures of these products are results of
these fermentations. In natural fermentations lactic acid
bacteria implement competitive characteristics which
allow them to produce good quality milk fermentations.

For the manufacture of kefir, the traditional starter
cultures are in the form of grains of variable sizes, which
resembles cauliflower florets in shape and colour ** but
also sheet-like structures * and a globular, sagy structure
resembling small pouches are exist °. These grains contain
a wide and varying microflora, such as lactic acid bacteria,
yeasts, acetic acid bacteria and moulds **, but the culture
is dominated by a Lactobacillus/yeast population. The
evidence suggest that population development in kefir
fermentation appears to be controlled and there is a
pattern of microbial succession * and compared to other
milk fermentations (e.g. yoghurt and cheese) the micro-
biology of kefir grain is less well understood *.

The majority of fermented milk products are made
from cow milk, but sheep, goat, buffalo, camel, and horse
milk can be also used *. Kefir is mainly produced from
cow milk and little information is available on kefir made
from different mammalian milk . Therefore, this paper
deals with the changes in the Lactobacillus/yeast flora
during the kefir fermentations in cow’s, ewe’s and goat’s
milk.

MATERIAL and METHODS

This study was performed at Kafkas University
Animal Research Center (HAUM) between May and June

in 2006. Milk samples of cow, ewe, and goat were
obtained from local farms in Kars city, Turkey. Kefir
grains were purchased from the Department of Dairy
Technology of Agriculture Faculty, Ege University in
Izmir, Turkey, in the sterile 0.9% NaCl solution, and were
propagated at the Department of Food Hygiene and
Technology, Faculty of Veterinary Medicine, Kafkas
University in Kars, Turkey, by daily transfer into UHT milk
at room temperature.

The milk samples were heated at 85°C for 30 min
and cooled to 25°C in a water bath before inoculation. A
liter of each sample was inoculated with 30 g active kefir
grains. Fermentation was carried out at 25°C for 21 h.
Subsequently all the fermentate was transferred to
the cold store at 4°C. Microbiological analysis for total
Lactobacillus spp., Lactococcus + Leuconostoc spp., and
yeasts were performed. Lactobacillus spp. was grown on
MRS agar at 30°C for 48 h in an anaerobic jar (Gas-pack
anaerobic system, BBL). Total number of Lactococcus +
Leuconostoc spp. was enumerated on M17 agar medium
(Oxoid). Yeasts were grown on Potato Dextrose Agar
(PDA, Oxoid).

The pH was determined electrometrically (Orion
Model 420A) and acidity by titration with N/10 NaOH in
the presence of phenolphthalein. Acidity was expressed
as per cent lactic acid (LA).

Chemical analyses were performed in accordance
with the inditacions by Oysun *,

RESULTS

The chemical composition of each type of milk is
shown in Table 1. The pH and acidity values of cows’,
ewes’ and goats’ milk kefirs during 21 h (fermentation
process) at 25°C, and 7 days storage-ripening at 4°C are
given in Table 2 and Table 3, respectively. The population
numbers of Lactobacillus spp., Lactococcus + Leuconostoc
spp. and yeasts in the kefirs made from ewe, cow and
goat milk during 21 h at 25°C fermentation, and 7 days
storage-ripening at 4°C are given in Tables 4-6 and
Tables 7-9, respectively.

Table 1. The chemical composition of cow, ewe, and goat milk
Tablo 1. inek, koyun ve kegi siitiiniin kimyasal kompozisyonu

Parameter qu Evye ant
Milk Milk Milk
Total solid (%) 120 193 13.0
Protein (%) 33 6.0 36
Carbohydrates (%) 47 54 45
Ash (%) 0.7 0.9 0.8
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Table 2. Changes in pH and acidity of each milk sample during kefir fermentations at 25°C for 21 h

Tablo 2. Yirmi bir saat siireyle 25°C'de kefir fermentasyonu stiresince her bir siit 6rnegindeki asit ve pH degisimi

Time H Cows' Acidity Cows' - Acidity Ewes' H Goats' Acidity Goats'
(h) P ik Wik pH Ewes’ Milk Mk P Ik Wik

0 7.02 017 7.03 024 7.01 017

3 6.62 0.2 6.2 027 6.72 0.22

6 6.36 0.24 6.63 031 6.52 0.25

9 6.04 0.28 6.29 0.38 6.17 0.35

12 5.70 038 5.26 0.56 58 043

15 481 0.55 5.26 0.72 53 0.64

18 456 0.68 5.06 0.94 5 0.89

21 454 12 452 121 46 0.96

Table 3. Changes in pH and acidity of each kefir sample during storage at 4°C for 7 days

Tablo 3. Yedi giin 4°Cde depolama siiresince her bir kefir 6rnegindeki asit ve pH degisimi

pH of Kefir Acidity of Kefir Made pH of Kefir Acidity of Kefir Made pH of Kefir Acidity of Kefir Made
Day Made from from Cows' Milk Made from from Ewes' Milk Made from from Goats' Milk

Cows' Milk Ewes' Milk Goats' Milk

1 441 1.34 449 1.66 451 121

2 428 0.78 442 117 433 1.04

3 4.24 0.72 437 119 4.27 1

4 422 0.85 434 113 422 1.01

5 4.12 0.83 431 112 4.2 0.99

6 4.08 0.82 43 112 4.15 0.98

7 4.02 0.81 43 112 4.03 0.97

Table 4. The counts (cfu/ml) of Lactobacillus spp. in cowss,
goat’s and ewe’s milk during kefir fermentation at 25°C for 21 h

Tablo 4. Yirmi bir saat siireyle 25°Cde kefir fermentasyonu
stirecinde inek, kegi ve koyun stitiinde Lactobacillus spp. miktart

(cfu/ml)
Time (h) Cow's Milk Ewe's Milk Goat's Milk
0 411 4.30 4,04
3 5.04 5.47 5.48
6 6.08 6.41 5.84
9 6.90 7.38 6.38
12 7.25 9.54 7.69
15 8.69 9.68 8.50
18 8.78 8.69 8.00
21 7.57 8.79 8.00

Table 6. The counts (cfu/ml) of yeast populations in cows,
goat’s and ewe’s milk during kefir fermentation at 25°C for 21 h
Tablo 6. Yirmi bir saat stireyle 25°Cde kefir fermentasyonu
stirecinde inek, kegi ve koyun siitiinde maya miktart

Time (h) Cow's Milk Ewe's Milk Goat's Milk
0 3.60 3.30 3.36
3 4.39 517 4.30
6 4.90 5.34 4.60
9 4.60 5.15 484
12 5.20 5.39 5.00
15 5.30 5.38 541
18 5.67 5.47 5.58
21 572 5.86 5.20

Table 5. The counts (cfu/ml) of Lactococcus+Leuconostoc spp.
populations in cow’s, goat’s and ewe’s milk during kefir
fermentation at 25°C for 21 h

Tablo 5. Yirmi bir saat stireyle 25°C'de kefir fermentasyonu
stirecinde inek, keci ve koyun siitiinde Lactococcus +
Leuconostoc spp. miktart (cfu/ml)

Table 7. The counts (cfu/ml) of Lactobacillus spp. populations
in kefir samples made from cow’, goat’s and ewe’s milk during
7 days storage at 4°C

Tablo 7. Dért santigrat derecede 7 glin siireyle depolamada
inek, keci ve koyun siitiinden yaptlan kefir érneklerinde
Lactobacillus spp. miktart (cfu/ml)

Time (h) Cow's Milk Ewe's Milk Goat's Milk Day Cow's Milk Ewe's Milk Goat's Milk
0 436 414 462 1 748 8.84 8.00
3 4.78 5.77 4.95 2 741 8.15 7.95
g ggg ;gg g-zg 3 7.30 7.76 747
12 7.28 8.61 8.25 4 747 747 /.69
15 8.69 9.78 9.17 5 7.17 7.23 7.60
18 8.95 9.45 9.36 6 7.04 7.28 7.54
21 9.28 9.32 8.11 7 7.00 7.23 7.51
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Table 8. The counts (cfu/ml) of Lactococcus + Leuconostoc
spp. populations in kefir samples made from cow’, goat'’s and
ewe’s milk during 7 days storage at 4°C
Tablo 8. Dért santigrat derecede 7 giin siireyle depolamada

inek, keci ve koyun siitiinden yapilan kefir érneklerinde
Lactococcus + Leuconostoc spp. miktart (cfu/ml)

Day Cow's Milk Ewe's Milk Goat's Milk
1 9.68 9.00 8.95
2 9.55 9.11 8.20
3 9.56 8.95 8.30
4 8.60 8.30 8.38
5 7.60 8.20 8.00
6 7.30 8.00 7.90
7 7.25 8.00 7.72

Table 9. The counts (cfu/ml) of Yeast populations in kefir
samples made from cow’s, goat’s and ewe’s milk during 7 days
storage at 4°C

Tablo 9. Dért santigrat derecede 7 glin siireyle depolamada
inek, keci ve koyun stitiinden yapilan kefir 6rneklerinde maya
miktart (cfu/ml)

Day Cow's Milk Ewe's Milk Goat's Milk

1 5.81 5.84 5.69
2 5.90 5.60 5.47
3 5.50 5.58 5.44
4 5.48 5.47 5.30
5 5.60 5.47 5.30
6 5.47 547 5.25
7 5.47 5.44 5.00
DISCUSSION

During the fermentation a sharpe decrease of around
2 pH units was observed but pH did not vary during
storage. This may be due to the presence of yeasts since
Collar * reported that lactic acid bacteria multiply and
produce lactic and acetic acids more slowly in mixture
with yeasts than in pure culture. pH values at 21 h
fermentation were in agreement with the average
samples pH at 22 h fermentation as reported by Guzel-
Seydim et al.*® and Cais-Sokolinska et al.*. Maximum
acidity was observed between the time period of 21 h
and the first day of storage. This showed similarity with
the results of Fontan et al.”? but was slightly higher than
the results of Beshkova et al.”.

The lactic acid bacteria and yeasts are the pre-
dominating microflora in kefir grains *. Considering the
population counts of viable Lactococcus + Leuconostoc
spp., our results are in agreement with those of Wszolek
et al.”, Simova et al.* and also Ninane et al.* who
reported that Lactococcus showed by far the greatest
variability comparing to Lactobacillus spp. and yeasts.

During the fermentation for 21 h, increases were
observed in the numbers of Lactobacillus spp., Lactococcus
+ Leuconostoc spp. and yeasts. Maximum populations of
Lactobacillus spp., Lactococcus + Leuconostoc spp. and
yeasts were reached at different time periods, and
showed variations in different milks (Table 4-6). The
highest counts of Lactobacillus spp. were observed in
ewe’s milk between 12 h and 15 h time period (Table 4).
It was 2 logio cfu/ml higher than the numbers observed
for Lactobacillus spp. in cow’s and goat’s milk at 12 h.
This may be due to variations in composition between
different types of milks (cow, ewe and goat) as ewe milk
has a higher content of protein and fat than cow and
goat milk ?. Furthermore, it contains higher levels of
vitamins, such as folic acid, pantothenic acid, riboflavin
and niacin which are considered to be essential for the
growth of some Lactobacillus spp. strains ¥, providing
perhaps the best substrate for the manufacture of a
fermented milk product *. As far as the goat and cow
milk were concerned, it was interesting to mention that
there was only a slight or no difference in the population
numbers of Lactobacillus spp. After 21 h fermentation,
there was almost one logio cfu/ml decrease in the
population numbers of Lactobacillus spp. in cow and
ewe milk, as compared to the maximum population
numbers of Lactobacillus spp. at 15 h in the same milks.
The numbers of Lactobacillus spp. were steadier in goat
milk with a half logio cfu/ml decrease comparing to the
maximum population number at 15 h in goat milk. The
maximum numbers of Lactobacillus spp. at 21 h and in
following 2 days storage at 4°C were in parallel with the
results of Irigoyen et al.*®, Wszolek et al.”, Guzel-Seydim
et al.?, Fontan et al.”?, Witthuhn et al.?, and Witthuhn et
al.®,

Unlike Lactobacillus spp., Lactococcus + Leuconostoc
spp. reached their maximum populations which were
similar in numbers in cow, ewe and goat milk but at the
different time periods of 18-21 h, 15-21 h and 15-18 h,
respectively (Table 5). The maximum population numbers
of Lactococcus + Leuconostoc spp. in cow, ewe and goat
milk were in parallel with the maximum populations of
Lactobacillus spp. in ewe milk at the time period of 12-
15 h. Likewise, yeasts had similar maximum population
numbers in cow, ewe and goat milk at the time periods
of 18-21 h, 18-21 h and 15-18 h, respectively (Table 6)
and these values were slightly lower than the values of
Guzel-Seydim et al.”® at 22 h fermentation time but our
7" day storage values showed similarity with the 7" day
values of Guzel-Seydim et al.”.

The storage and ripening of cows’, ewes’ and goats’
milk kefirs at 4°C for 7 days resulted in decreases of the
population numbers of Lactobacillus spp., Lactococcus +



Leuconostoc spp. and yeasts (Table 7-9). The decrease of
Lactobacillus spp. numbers in cows’ and goats’ milk
kefirs were slight and similar, while one and half logio
cfu/ml decrease was counted in ewes’ milk (Table 7).
Likewise, the decrease in the population numbers of
Lactococcus + Leuconostoc spp. was more pronounced
rather than in the populations of Lactobacillus spp. and
yeasts, and there were 2.43, 1.23 and 1 logio cfu/ml
difference in cows’, goats’ and ewes’ milk kefirs,
respectively (Table 8). For the yeasts, a slight decrease
was also observed in goats’ cows’ and ewes’ milk kefirs
(Table 9). These results were in parallel with the study
of Irigoyen et al.** and Oner et al.*. As expected, lactic
acid bacteria and yeasts were the predominant flora in
fresh (21 h) and stored (7 days) kefirs but some strains
decreased by 1 to 2.43 logio cfu/ml during the storage
period. Lactobacillus spp. reached the highest population
numbers in ewe’s milk while Lactococcus + Leuconostoc
spp. reached the highest population numbers in ewe’s
and cow’s milk. Yeast population numbers were not
affected largely by the type of milk used. Since these
population numbers may indicate that ewe’s milk supports
the growth of the Lactobacillus spp. and Lactococcus+
Leuconostoc spp. better, which may lead to the thought
of ewe’s milk being better choice, as compared to cow’s
and goat’s milk. Likewise, Wszolek et al.”” reported that
the firmness of the product was also influenced by the
type of milk used stating the order of ovine>bovine
>caprine. Furthermore Wojtowski et al.* claimed that
kefir produced from sheep milk can have a considerably
more advantageous effect on the health of the consumers
than kefirs produced from goat or cow milk, however
the ratings for acceptability of kefirs were ranked in the
order of kefir made from cow milk>ewe milk>goat milk.
On the other hand, Sahan *concluded that organoleptic
qualities of kefirs made from cow’s, ewe’s and goat’s
milk indicated that the best kefir could also be produced
from goat’s milk as well as the cow’s milk. Likewise,
Kaptan and Gursel * also stated that the best quality
kefir can be made from goat milk.

In conclusion, this study showed that the type of
milk has an influence on the population development of
the kefir flora. Although the differences in the population
development may influence the quality of kefir,
considering the previous studies *** it can be presumed
that the type of milk has a greater influence than the
starter cultures and their population development on
the sensory profile.
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Summary

In this study, 150 UHT milk samples were analyzed for aflatoxin Mi. They were obtained from supermarkets in Erzurum

city. The occurrence and concentration range of AFM1 in the samples were investigated by ELISA method. Fifty-nine percent of
the UHT milk samples contained AFM1. AFM1 levels in 16 (10.7%) UHT milk samples exceeded the maximum tolerable limit of
the European Community and the Turkish Food Codex. It was concluded that high AFM1 level is an important problem

threatening the public health in Turkey.
Keywords: Aflatoxin M1, UHT milk, ELISA

Turkiye (Erzurum)'de UHT Sitlerde Aflatoxin M1 Olusumu

Ozet

Bu ¢alismada toplam 150 UHT siit érnegdi AFM1 yéniinden incelendi. Ornekler Erzurum sehir merkezindeki marketlerden
temin edildi. Orneklerin AFM1 igerigi ve konsantrasyonu kompetitiv ELISA metoduyla arastirildi. UHT siit érneklerinin %59’unun
AFM1 icerdigi belirlendi. 16 numunenin (10.7%) AFMi yéninden Turk Gida Kodeksi ve Avrupa Birligi tarafindan dizenlenen
yasal limitleri astigi belirlendi. Sonu¢ olarak yiksek AFM1 diizeyi Turkiye'de halk saghigini tehdit eden énemli bir problemdir.

Anahtar sozciikler: Aflatoksin M1, UHT stit, ELISA

INTRODUCTION

Aflatoxin is common contaminant of foods. This toxins
is produced by fungal action during production, harvest,
storage, and food processing. The toxin is produced as
secondary metabolites by Aspergillus flavus and A.
parasiticus and the rare A. nomius fungi **. A. flavus
produces only B aflatoxins, while the other two species
produce both B and G aflatoxins. Aflatoxins M1 and M1
are the hydroxylated metabolites of aflatoxin B1 and Bi.
International Agency for Research and Cancer (IARC) ®of
WHO included AFB1 as primary and AFMz1 as secondary
groups of carcinogenic compounds **.

The residues of AFM1 remain stable when milk is
processed by heat or is fermented. There is no evidence

that cold storage, freezing, heat-treating, fermenting,
concentrating or drying of the contaminated milk changes
the level of AFM1 *%. AFM1 is mainly soluble in the
aqueous phase of milk or adsorbed to casein particles;
data of several studies show that a small proportion of
AFML1 in milk is carried-over to cream, and yet a smaller
proportion to butter. The remainder of AFM1 in milk,
however, remains in skim milk and buttermilk °.

Milk is a major nutrient for infants, children,
convalescents and old people. However, milk and milk
products are the most potent source of aflatoxin among
foods. To protect consumers several countries have
established legislation to regulate the levels of AFB1 in
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feeds and AFMa1 in milk and dairy products ***.

The European Community (EC) and the Turkish Food
Codex (TFC) legal limit for AFM1 in milk is 50 ng/kg **.
Despite lots of studies on AFM1 in cheese varieties *****®
only a few are concerned with UHT milk. The aim of this
study was to investigate the occurrence of AFM1 in UHT
milk and to compare the results with the maximum AFM1
tolerance limits which are accepted by the EC and TFC.

MATERIAL and METHODS

Samples: A total of 150 samples of UHT milk (whole
milk) samples were obtained randomly from supermarkets
between September 2006 and September 2007 in
Erzurum city. The samples were transported to the
laboratory in an insulated container at about 4°C and
analyzed upon arrival. All samples were analyzed before
their expiry date.

Methods: AFM1 concentrations of the samples were
analyzed by competitive ELISA (RIDASCREEN Aflatoxin
M1, R-Biopharm). The samples were evaluated according
to the RIDAVIN computer program prepared by R-
Biopharm *. According to the instructions for use of the
RIDASCREEN kit; the lower detection limit was 5 ng/kg.

Calculation of extrapolated values of AFBi
concentration in cattle feeding stuffs based on AFMz in
UHT milk samples

It has been suggested that only 1.6% of ingested
AFB1 is converted to AFM1 by the dairy cattle ****,

Table 1. Occurrence and distribution of AFM1 in UHT milk samples
Tablo 1. UHT siit rneklerinin AFM1 icerigi ve daguimt

Hence, the values of AFB1 contamination in feeding
stuffs were back calculated by using the formula:

AFMz1 (ng/kg) x 100

AFB1 (ug/kg) =
1.6 x 1000

RESULTS

In this study a total of 150 UHT milk (whole milk)
samples were analyzed for AFM1 with the competitive
ELISA. The occurrence and the distribution of AFM1
concentration in various ranges in UHT milk samples are
presented in Table 1.

As shown in Table 1, AFM1 was found above the
detectable level in 59% (89/150) in UHT milk samples.
AFM1 levels in 16/150 (10.7%) UHT milk samples were
found to be higher than the maximum acceptable limits
(milk; 50 ng/kg) of the EC ** and TFC *. AFM1 content of
positive samples were determined in UHT milk samples
as minimum 5 ng/kg, maximum 185 ng/kg, and mean
36438 ng/kg.

Earlier studies have shown that contamination of
AFM1 in milk and dairy products is a result of exposure
of AFB1 to dairy cattle through feedstuffs *. Further,
investigators have suggested that on an average 1.6% of
AFB1 fed to the lactating cattle is excreted in milk as
AFMz1 2, Using this factor, the content of AFB1 in the
dairy cattle feeding stuffs was extrapolated from AFM1
contamination in the UHT milk samples (Table 2).

Proportion . . Proportion of Samples Quantity of AFM:1
Kind of Samples of Positive Distribution of Samples * n (%) Exceeding the EC and (ng/kg)
Tested ..
Samples ) Samples TFC Legal Limit
n (%) <5* 5-25 26-50 51-100 >100 >50 ng/kg xSx Min. Max.
UHT Milk 150 89/150 (59) 61/150 R 31/150 gl 6/150 16/150 (10.7) 36+38 5 185

40.0) (28) (20.7)

6.7)

Q)

* distribution of negative samples, a: ng/kg, EC: European Community, TFC: Turkish Food Codex, (): indicates percent,

xtSx: meanztstandart deviation

* negatif érneklerin dagilimy, a: ng/kg, EC: Avrupa Birligi, TFC: Tiirk Gida Kodeksi, (): yiizde ifadesi, x+Sx: ortalama+standat sapma

Table 2. Extrapolated AFB1 concentration in cattle feedstuffs based on AFM1 contamination in UHT milk samples
Tablo 2. UHT siit érneklerin AFM1 kontaminasyonuna dayanilarak tahmin edilen AFB1 konsantrasyonlart

Kind of Samples Levesl of Plosmve Range Eé(ceeccl:lmgc Positive Samples (p/kg)
Samples Tested (n) ampes (n/kg) L e Ul .

n (%) (5 ng/kg) x+Sx Min. Max.
UHT Milk 150 89/150 (59) 0-11.6 6/150 (4) 23424 0.3 116

xxSx: meantstandart deviation, EC: European Community, TFC: Turkish Food Codex, (): indicates percent
x£S8x: ortalamazxstandat sapma, EC: Avrupa Birligi, TFC: Tiirk Gida Kodeksi, ( ): ylizde ifadesi




It can be seen from the results that the contamination
of feed with AFB1 in cattle feed may range of 0-11.6,
with an average of 2.3+2.4 ug/kg. Moreover, 4% (6/150)
of the samples exceeded the limits recommended by EC
and TFC regulations.

In some studies made on UHT milk, presence and
level of AFM1 were showed in Table 3.
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for people as well. The weighted mean concentration of
AFMz1 in milk is 0.023 pg/kg in the European-type diet,
0.022 pg/kg in the Latin American diet, 0.36 ug/kg in
the Far Eastern diet, 0.005 pg/kg in the Middle Eastern
diet and 0.002 pg/kg in the African diet. These mean
concentrations are based on a large number of milk
samples analyzed. The intake of AFM1 from milk is
calculated to be 6.8 ng/person per day for the European

Table 3. AFM1 contents of UHT milk reported in previous studies
Tablo 3. Onceki calismalarda UHT siitlerde bildirilen AFM1 icerikleri

No. of Samples Range of Samples Exceed Legal

SSple Country Positive Positive (ng/kg) Limit * ST
Turkey 75/129 (58.1) 10-543.6 61/129 (47) Unusan 2

UHT Milk Portugal 60/70 (85.7) 5-61 20/70 (2.9) Martin and Martin %
Turkey 14/24 (58.3) 10-50.5 1/24(4.2) Gurbay et al.**
Turkey 67/100 (67) 10-630 31/100 (31) Tekinsen and Eken

* Turkish Food Codex limits in UHT milk is 50 ng/kg, (): indicates percent

* Tiirk Guda Kodeksi UHT siit limiti 50 ng/kg, (): ylizde ifadesi

DISCUSSION

In our study, AFM1 was determined in 59% of the
UHT milk samples. These results are in parallel with the
findings of some previous reports **** which pointed
out the presence of AFMa in all or most of the UHT milk
samples in Turkey (Table 3).

These reports and the present findings suggest
that the milk which is processed in to dairy products
may contain a high concentration of AFM1 and/or be
contaminated with Aspergillus spp. The results confirm
the findings of Bakirci > who reported high concentrations
of the AFM1 in raw milk during spring. The AFM:1 levels
(as incidence) also were lover than the reported results
by Martin and Martin 7, Oliveira and Ferraz **. In addition,
the AFM1 level in the milk was significantly affected by
the geographical region and the country ***. Moreover,
differences in the hygiene and storage conditions at the
dairies and retail points are other key factors on the
variations of the results **.

Some of the AFM1 amounts in the UHT milk samples
were at the risk level for human health because the
AFM1 in 16 UHT milk samples (10.7%) exceeded the EC
and TFC legal limits of 50 ng/kg. In this study AFM1
incidence of exceeding legal limit in UHT milk samples
was lower than the reported results by Unusan %,
Tekinsen and Eken *, Oliveira and Ferraz ?® and were
higher than the results reported by Gurbay et al.**, Martin
and Martin 7. Very high AFM1 levels (51 - >100 ng/kg) in
10.7% of the UHT milk samples are of great importance.
Also it should be kept in mind that, total daily aflatoxin
intake from other foods could be an important risk factor

diet, 3.5 ng/person per day for the Latin American diet,
12 ng/person per day for the Far Eastern diet, 0.7
ng/person per day for the Middle Eastern diet and 0.1
ng/person per day for the African diet >*.

The content of AFB1 in the dairy cattle feeding stuffs
was extrapolated from AFMi1 contamination in the UHT
milk samples (Table 2). In a previous study, contamination
of AFB1 in Turkey cattle feedstuffs was found to be in
the range of 0-33.98 ug/kg . At the present study, AFB1
incidence of exceeding legal limit in UHT milk samples
was lower than the reported results by Unusan .

In conclusion, AFM1 is common contaminant UHT
milk can be considered to be a main concern for public
health. So the public health authorities should take
necessary measures and the producers should be
informed. Moreover the prevention of aflatoxin formation
in feeds is very important. Because the consumption of
contaminated feeds by dairy animals causes AFM1
formation in milk. So the easiest and shortest way of
reducing AFM1 amount forming in milk to minimum
focuses on the prevention of AFB1 formation in feeds.
For this, it is necessary to control well the feeds given to
dairy animals and to reduce AFB1 amount permitted to
take place in feeds to lower levels. In addition, it is
considered that food substances should be produced
and kept in convenient conditions to prevent aflatoxin
formation.
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Ozet

Bu calismada, Erzurum ili Pasinler ilce merkezi ve kdylerindeki sut sigirciligi isletmelerinden alinan misir silajlarinin
aflatoksin B1 ve bu yemi tiiketen hayvanlarin sutlerinin aflatoksin M1 icerigi ile aflatoksinin yemden sute gecis durumu
arastirildi. incelenen yem érneklerinde aflatoksin B1 miktari ortalama 361.12+94.76 ppt ve siit érneklerindeki aflatoksin M1
miktari ortalama 3.85+3.71 ppt olarak belirlendi. TUketilen yemdeki aflatoksin Bi’'in %1.07’sinin stte aflatoksin M1 olarak
gectigi saptandi. Sit numunelerinin 6 adedinde (%8.33) 6lcllebilir aflatoksin M1 tespit edilemedi. 66 érnekte (%91.67) ise
Tirk Gida Kodeksi'ne gére kabul edilebilir sinirlarin altinda aflatoksin M1 belirlendi. Incelenen 72 yem érneginin 3 adedinde
(%4.16) aflatoksin B1 saptanmadi. Diger drneklerde ise standartlarda belirtilen sinirin altinda aflatoksin B1 saptandi. incelenen
yem 6rneklerinde saptanan aflatoksin Bi1 miktari ile sit érneklerindeki aflatoksin M1 miktart arasinda ¢cok énemli iliski (P<0.01)
ve pozitif korelasyon (+0.329) oldugu belirlendi. Siit ve Urtnlerindeki aflatoksin M1 miktarinin minimum dizeyde tutulabilmesi
icin, modern uretim teknikleri uygulanmali, siit hayvanlarina verilen yemlerin depolanma kosullari uygun hale getirilmeli, gerekli
kontroller yapilmali ve sut ureticileri bu konuda bilin¢lendirilmelidir. Gida maddeleri ve yemler her asamada aflatoksin yéniinden
analiz edilmeli ve kabul edilen sinirlardan fazla icerenlerin tiketimine izin verilmemelidir. Yem ve besinlerde kuf bulasmasini ve
dolayistyla aflatoksin olusumunu énlemek icin etkili, ekonomik ve uygulanabilir calismalarin yapilmasi gerekKlidir.

Anahtar soézciikler: Aflatoksin Bi, Aflatoksin M, Sut, Silaj, Yem, ELISA
Aflatoxin B1 in Corn Silage and Its Probability Passing in Milk

Summary

The aim of this study was undertaken to determine the levels of aflatoxin Bi contamination in corn silage samples and
aflatoxin M1 in milk samples collected from cow dairy farms in Pasinler (Erzurum, Turkey) region. Average amount of aflatoxin
B1 in feed and aflatoxin M1 in milk were found 361.12+94.76 ppt and 3.85+3.71 ppt respectively. It was found that, 1.07%
aflatoxin B1 passed to milk as a aflatoxin Mi1. Aflatoxin M1 was not found in 6 samples (8.33%) of the milk. Aflatoxin M1 was
found in 66 samples (91.67%) of the examined milk samples. None of the samples had aflatoxin M1 greater than the
maximum tolerance limit accepted by Turkish Food Codex. Aflatoxin B1 was not found in 3 samples (4.16%) of the silage.
Aflatoxin B1 was found in 69 samples (95.84%) of the examined silage samples. None of the samples had aflatoxin B1 greater
than the maximum tolerance limit accepted by Turkish Standard. In the statistical analysis, there was positive correlation
(P<0.01) between aflatoxin M1 in the silage samples and aflatoxin M1 in the examined milk samples. To achieve minimum
levels of aflatoksin M1 in milk and milk products, modern production techniques should be employed, the animal feed storage
conditions should be well- maintained and inspected, milk producers should be well-informed. Food and feed items should be
analyzed for the presence of aflatoxin at every level the consumption of the ones that contain aflatoxin in amounts higher than
the tolerable limits valid in our country should not be permitted. In order to prevent mould growth, and consequently, forming
of aflatoxin on animal feed and food, effective, economical and applicable chemical materials should be researched and field
investigations should be conducted for confirmation of the applications.

Keywords: Aflatoxin Bi, Aflatoxin M1, Milk, Silage, Feed, ELISA
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GIRiS

En yaygin bilinen mikotoksin aflatoksindir. Aflatok-
sinler, Aspergillus flavus, Aspergillus paraciticus,
Aspergillus nomius ile bazi Penicillium ve Rhizopus
tarleri tarafindan sentezlenen, insan ve hayvanlarda
akut ve kronik zehirlenmelere neden olan metabolitler
olup, aflatoksin Bi1, B2, G1, G2, M1 ve M2 olmak lzere
baslica alti ana bilesikten olusur **.

Aflatoksinler, karsinojenik, mutajenik ve teratojenik
etkileri yaninda, 1sil islemlere de direncli olmalari nede-
niyle saglk agisindan 6nem tasirlar *’. Aflatoksinler,
kaflu gidalarda goridlmesine karsin dogrudan insan
tiketimine sunulan gidalarda da olusabilir. Bu toksinlerin
cesitli isleme yontemleri ile tamamen ortadan kaldirila-
madigl ve hayvan yeminde bulunabilecek aflatoksinlerin
¢ok az bir oranda da olsa et, sit ve yumurta gibi gidalara
gecerek insan sagligi agisindan risk olusturabilecegi ifade
edilmektedir *°. Aflatoksin M1 ve M2 toksinleri aflatok-
sijenik kifler tarafindan direkt olarak sentezlenmeme-
tedir. Bu toksinler, aflatoksin B1 ve B2 iceren yemlerle
beslenen hayvanlarin bunlari metabolize ederek sitle-
rine gecirmeleri sonucunda olusmakta ve siitten izole
edilmeleri nedeniyle de ‘M’ harfiyle simgelendiril-
mektedir *°.

Aflatoksin sentezleyen Aspergillus tirleri bitin
diinyada yaygin bir sekilde bulunur ve her tirla iklim
kosulunda kolayca ureyebilir. Cevre sicakliginin 24-45°C
oldugu ortamda {irlin ¢esidine gére %9-14 arasi veya
daha yiksek oranlarda rutubet iceren besinler 3-4
glinde bile agir bir sekilde kuflenebilir. Aspergillus tirid
kufler birgcok besin maddesinde (6rn, misir, pamuk
tohumu kispesi, aygicegi kiispesi, soya fasulyesi unu,
findik, yerfistig, ceviz, yagh tohumlar ile balik ve et-
kemik unu, karma yem hazirlanmasinda kullanilan ham-
maddeler) ¢ok yaygin bir sekilde ve tehlikeli diizeylerde
kiiflenme olusturdugu bilinmektedir.

Dinyada cesitli Glkeler aflatoksinler igin izin verile-
bilecek maksimum limitleri belirlemislerdir. Turkiye'de
ise Turk Gida Kodeksi; ¢ig sit, isil islem gérmis sit, sit
bazli Grinlerin Gretiminde kullanilan st igin kabul
edilebilir maksimum limiti 50 ppt olarak kabul etmistir *.
Yemlerdeki kabul edilebilir maksimum aflatoksin B1
miktari ise 20.000 ppt’dir .

Kifler, tarimsal Griinlerin Gretimi, islenmesi, depolan-
masi ve tiiketimi sirasinda Urinleri kontamine etmek su-
reti ile bozulmalara sebep olmaktadir. Siit isletmelerinde
kiflere siklikla rastlanabilmektedir. Aspergillus tiri
kufler hayvan yemlerine bulasabilmekte ve daha sonra
da sit ve drinlerine gegebilmektedir. Son yillarda Erzu-
rum ve cevresinde silaj tiketiminin artmasi nedeniyle

yemlerde ve sitte aflatoksinin daha fazla bulunabilecegi
distniulmektedir. Bu nedenle bu ¢alisma ile hayvan
yemlerinde ve bu yemleri tiiketen hayvanlarin sitlerinde
aflatoksin igeriginin belirlenmesi amaglanmistir.

MATERYAL ve METOT

Materyal

Bu arastirmada Erzurum ili Pasinler ilce merkezi ve
koylerindeki 72 adet sit sigircihgl isletmesinden alinan
misir silajlari (72 adet) ve bu yemi tiiketen hayvanlarin
sutleri (72 adet) numune olarak kullanilmistir.

Metot
Orneklerin Toplanmasi

Erzurum’da musir silaji Gretiminin yogun yapildigi
Pasinler ilce merkezi ve koylerinden 72 adet 250 g misir
silaji 6rnegi uygun posetlere ve 72 adet 250 ml sit
ornegi de steril kavanozlara alindi. Alinan bu 6rnekler
soguk muhafaza altinda laboratuara getirilmis ve analiz
yapilincaya kadar 4+1°C’de muhafaza edildi.

Aflatoksin Analizi

Bu calismada aflatoksin M1 ve B analizi igin ELISA
yontemi kullanilmistir ** (r-biofarm RIDASCREEN afla-
toksin M1 test kitleri kullanild).

- Aflatoksin M1 Analizinin Yapihsi

Siit Orneklerinin Hazirlanmasi: Sut drnekleri, yagin
uzaklastirilmasi icin 3500 devir/20 d/10°C’de santrifij
edildi. Santrifiij isleminden sonra, Ustteki krema tabakasi
pastor pipeti ile ¢cekilerek alindi. Ayrilmis st testte
direkt olarak kullanildi (her kuyucuga 100 pl).

Analizin Test Prosediirii: Standartlar ve 6rnekler icgin
yeterli sayida kuyucuk pleyte yerlestirildi. Standart ve
ornek pozisyonlari bir kenara not edildi. Standart solis-
yonlardan ya da hazirlanmis 6rnekten 100 ul alip kuyu-
cuklara ilave edildi. Oda isisinda, karanlik ortamda 60
dak. inkubasyona birakildi. Kuyucuklardaki sivi disari
bosaltildi. Kuyucuklar 250 ul distile su ile yikanarak
tekrar bosaltildi ve ayni islem bir kez daha tekrar edildi.
Kuyucuklara 100 pl diliie edilmis enzim konjugat ilave
edildi ve oda isisinda tekrar 60 dak. inkubasyona bira-
kildi. inkubasyondan sonra kuyucuklardaki sivi bosalti-
larak tekrar 2 kez yikama islemi yapildi. Daha sonra her
bir kuyucuga 50 pl substrat ve 50 ul kromojen ilave edi-
lerek iyice karistirildi ve 30 dak. oda isisinda karanlikta
inkubasyona birakildi. inkubasyon sonunda her bir kuyu-
cuga 100 pl stop soliisyonu koyularak iyice karistirildi ve
absorbansi 450 nm’de ELISA okuyucu ile okundu.



Sonuglar hesaplanirken kalibrasyon egrisi lizerinden
elde edilen konsantrasyonlar dilusyon faktorleri ile
carpildi (Dilusyon Faktori: 1).

- Aflatoksin Bi1 Analizinin Yapihsi

Yem Orneklerinin Hazirlanmasi: 5 g yem numune-
sine 25 ml %70 lik metanol eklendi. Yaklasik 3 dak.
karistirildi. Whatman No:1 filtreden stzildi. Temiz cam
tipe 1 ml filtrat alindi. Uzerine 1 ml distile su ilave edil-
di. Hazirlanan bu karisimdan her kuyucuga 50 pul testte
direkt olarak kullanildi.

Analizin Test Prosediirii: Standartlar ve érnekler icin
yeterli sayida mikrotitler kuyucuk pleyte yerlestirildi.
Standart ve 6rnek pozisyonlari bir kenara not edildi.
Standart solUsyonlardan ve hazirlanmis 6rneklerden 50
ul alip kuyucuklara ilave edildi. Kuyucuklara 50 ul diltie
edilmis enzim konjugat ilave edildi ve oda isisinda 30
dak. inkubasyona birakildi. inkubasyondan sonra kuyu-
cuklardaki sivi bosatilarak yikama islemi yapildi. Daha
sonra her bir kuyucuga 100 pl substrat/kromojen ilave
edilerek iyice karistirildi ve 15 dak. oda isisinda karan-
likta inkubasyona birakildi. inkubasyon sonunda her bir
kuyucuga 100 ul stop soliisyonu koyularak iyice karis-
tirildi ve absorbansi 450 nm’de ELISA okuyucu ile okundu.
Sonuglar hesaplanirken kalibrasyon egrisi lizerinden elde
edilen konsantrasyonlar dilusyon faktorleri ile carpildi
(Dilusyon Faktoru: 10).

istatistik Analizleri

Calismanin istatistiki analizleri SPSS 10.0 paket ista-
tistik programi ile korelasyon analizi yapild.

BULGULAR

Yapilan galismada, toplam 72 adet yem 0Ornegi afla-
toksin B1 yoniinden ve 72 adet st 6rnegi de aflatoksin
M1 yéniinden incelendi.

incelenen yem 6rneklerinde aflatoksin B1 miktari
ortalama 361.12+94.76 ppt ve siut drneklerindeki
aflatoksin M1 miktari da ortalama 3.85%3.71 ppt olarak
belirlendi. Tiketilen yemdeki aflatoksin B1’in %1.07’sinin
sute aflatoksin M1 olarak gectigi saptandi.

Yem orneklerinde tespit edilen aflatoksin B1 miktar-
larinin dagilimi Tablo 1’de ve siit 6rneklerinde tespit
edilen aflatoksin M1 miktarlarinin dagilimi da Tablo 2'de
gosterilmistir.

incelenen 72 yem 6rneginin 3 adedinde (%4.16)
aflatoksin B1 saptanmadi. Diger 6rneklerin timunin
aflatoksin B1 icerigi yemler icin izin verilen yasal limit-
lerin * altinda bulundu.
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Tablo 1. Yem 6rneklerinin AFB1 icerigi ve dagilimt

Table 1. Occurrence and distribution of AFB1 in corn silage
samples

Orneklerde Tespit Edilen Aflatoksin B1*

Saptanamadi <20 >20°
Sayi Oran Sayi Oran Sayi Oran
3 %4.17 69 %95.83 0 %0

* ppb, © Yem yénetmeliginde * belirtilen yemler icin en st limit
aflatoksin BI degeri (20 ppb=20.000 ppt)

* ppb, © The maximum tolerance limit accepted by Turkish Standard
2.(20 ppb=20.000 ppt)

Tablo 2. Siit rneklerinin AFM1 icerigi ve daguumt
Table 2. Occurrence and distribution of AFM1 in milk samples

Orneklerde Tespit Edilen Aflatoksin M1*

Saptanamadi <5 5-10 10-50 >50°
Savi Oran Savi Oran Savi Oran Savi Oran Savi Oran
' Y @ Y @) Y ) Y %)

6 833 44 6111 15 1283 7 972 - 0

* ppb, ° Tiirk Gida Kodeksindell siitler icin en Ust limit aflatoksin
M1 miktart (0.05 ppb=50 ppt)

* ppb, * Proportion of samples exceeding the Turkish Food Codex
Legal limit 11 (0.05 ppb=50 ppt)

Yapilan gcalismada, 72 sit orneginden hig birisinde
aflatoksin M1 miktarinin Tirk Gida Kodeksine ** gore
kabul edilebilir sinirlarin tGzerinde (50 ppt) olmadigi
saptandi.

Sut numunelerin 6 adedinde (%8.33) ol¢llebilir afla-
toksin M1 tespit edilemedi. 66 6rnekte (%91.67) ise Tiirk
Gida Kodeksine ** gore kabul edilebilir sinirlarin altinda
aflatoksin Mz belirlendi. incelenen yem &rneklerinde
saptanan aflatoksin B1 miktari ile st drneklerindeki
aflatoksin M1 miktari arasinda ¢ok 6énemli iliski (P<0.01)
ve pozitif korrelasyon (+0.329) oldugu belirlendi.

TARTISMA ve SONUC

Bu calismada, Erzurum ili Pasinler ilce merkezi ve
koylerindeki 72 adet sit sigircihgi isletmesinden alinan
misir silajlarinin aflatoksin B1 ve bu yemi tiiketen hay-
vanlarin sitlerinin aflatoksin M1 icerigi yoniinden
incelendi ve aflatoksinin yemden siite gegis durumu
arastirildi. Kifler tarim Grunlerinin Uretimi, islenmesi,
depolanmasi ve tliketimi sirasinda Urilinleri kontamine
etmek sureti ile bozulmalara sebep olmaktadir. Son
yillarda Erzurum ve c¢evresinde silaj tiketiminin artmasi
nedeniyle yemlerde ve siitte aflatoksin daha fazla bulu-
nabilecegi diisiinlilmektedir. Bu nedenle ¢alismada hay-
van yemleri ile ve bu yemleri tiiketen hayvanlarin siit-
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lerinde aflatoksin iceriginin belirlenmesi amaglanmistir.

Aflatoksin M1, slt ve Urlnlerinde besin hijyeni agi-
sindan ciddi sorunlar olusturmaktadir. Stitten kremanin
ayrilmasi islemi sirasinda aflatoksin M1’in bir kismi
kremaya gecer, geri kalan kismi kazeine baglanma
ozelliginden dolayi sttte kalir ***¢,

Yemlerde aflatoksin miktarini belirlemeye yonelik
yapilan galismalar mevcuttur. Tayland’daki misirlarin
%35’inde, Filipinler’deki misirlarin %97’sinde ve
Uganda’daki misirlarin %40’inda Aflatoksin B1 tespit
edilmistir . Amerika Birlesik Devletleri’nde 644 misir
ornegi aflatoksin yéniinden analiz edilmis ve sonugcta
orneklerin %1.6’sinda ortalama 300 ppb dizeyinde
aflatoksin tespit edilmistir *.

Bu calismada ise incelenen 72 yem 6rneginin 3
adedinde (%4.16) aflatoksin B1 saptanmamistir. Diger
orneklerde ise Yem Yoénetmeligi’'nde ** belirtilen sinirin
altinda aflatoksin B1 saptanmistir. Bu arastirmada yem-
lerde belirlenen aflatoksin B1 diizeyi bazi arastirmala-
rin *** bulgulariyla benzerlik arz etmektedir.

Bu calismada tiketilen yemdeki aflatoksin B1’in
%1.07’si aflatoksin M1 olarak siite gectigi saptandi. Bu
durum bazi ¢alismalar *? ile uyumlu bir sonugtur. Stt
hayvanlarinin aflatoksin B1 iceren yemlerle beslenmeleri
sonucunda siitlerinde aflatoksin M1’e rastlanabilir. Afla-
toksin B1’in metaboliti olan aflatoksin M1 siit hayvanla-
rinin karacigerlerinde metabolize olarak sit bezleri ile
site salgilanir *. Sit veren hayvanlarin yemlerle beraber
aldiklari aflatoksin B1’in hangi oranlarda aflatoksin Mi’e
donilstiglint saptamak amaciyla yapiimis cesitli ¢alis-
malar bulunmaktadir. Bu galismalarin birgogunda genel
bir yargi olarak tiketilen yemdeki aflatoksin B1’in %0.35-
5’i arasinda degisen oranlarda sitte aflatoksin M1 olarak
goruldigi belirtilmektedir **%, Yapilan bu ¢alismalarda,
aflatoksin B1’'in aflatoksin Mi’e donlisiim oraninin hay-
vandan hayvana, glinden giine, bir siit verme dénemin-
den digerine, sagim zamanina hatta sagim araligina ve
hayvanin siit verim diizeyine gore degistigi rapor edil-
mistir. Ayrica yemlerle beraber alinan aflatoksin B1
diizeyinin de donlsliim oranina etkili olabilecegi bildiril-
mektedir *.

Yapilan calismada incelenen 72 sit érneginden hig
birisinde aflatoksin M1 miktarinin Turk Gida Kodeksine *
gore kabul edilebilir sinirlarin Gzerinde olmadigi sap-
tandi. Altmisalti st 6rneginde (%91.67) aflatoksin M1
belirlenirken 6 adedinde (%8.33) olgllebilir aflatoksin
M1 tespit edilemedi. Bu arastirmada sitlerde belirlenen
aflatoksin M1 diizeyi birgok arastirmacinin **?* bulgu-
lariyla benzerlik gostermektedir.

Calismada yem ve siitlerde aflatoksin bulunmasi,

Erzurum cevresinde tiketilen et, sit ve Grlinlerinin kro-
nik saglik sorunlarina neden olabilecegini disindur-
mektedir. Yemin, ozellikle silajin, liretim ve depolama
esnasinda sartlar uygun oldugu takdirde toksijenik kif
kontaminasyonu, dolayisiyla aflatoksin bulasma riski her
zaman gozoniinde tutulmalidir. Bu nedenle silajin Greti-
minden tiiketimine kadar tiim islemler, kif gelisimini en
aza indirecek sekilde gergeklestirilmelidir. Bu amagla
modern Uretim teknikleri uygulanmali, uygun bicimde
depolanmali ve strekli olarak kontrol edilmelidir. Afla-
toksin olusumuna uygun sartlar olusturulmamalidir.
Uygun sartlar altinda bigimi yapilan silajlik materyalin
silolama islemi yapilirken; yemlerin arasinda fazla oksi-
jen kalmayacak sekilde silolara doldurulmalidir. Siloya
doldurulan materyalde oksijen yaklasik 6 saat icerisinde
kullanilarak anaerobik ortam olusur. Bu ortamda laktik
asit bakterileri treyerek laktik asit miktarini artirir. Eger
anaerobik sartlar iyi bir sekilde devam ettirilirse, pH 4
civarinda kalir ve 6nemli bir kif gelisimi gézlenmez.
Fakat herhangi bir sekilde anaerobik sartlarda degisiklik
olmasi durumunda (6rn. silo icerisine hava ve su girmesi),
silajda kufler Greyerek aflatoksin olusumuna yolaga-
bilirler.

Yemlerde aflatoksin Bi1 ve siitlerde de aflatoksin
Mz1’in kontrolii ve detoksifikasyonu goz dnilinde bulun-
durulmasi gereken bir olgu olarak ortaya ¢itkmaktadir.
Yem ve sltlere periyodik kontrol programlari uygula-
narak kontrol altinda tutulmal ve yiksek dizeyde afla-
toksin iceren urlnlerin kullaniimalari 6nlenmelidir. Ayri-
ca, silaj tretiminde hijyene ve teknolojiye 6zen gosteril-
mesinin gerekliligi de ortaya ¢ikmistir.

Aflatoksin B1’in yaklasik %1'nin siite aflatoksin M1
olarak gectigi dikkate alindiginda yemlerde yasal olarak
izin verilen aflatoksin B1 limitinin (20.000 ppt) yiksek
oldugu kanisina varilmaktadir. Bu nedenle yasal miktarin
azaltilmasi gerektigi duslintilmektedir.

Arastirma, Pasinler ilgesindeki yem ve sitlerde afla-
toksin bulundugunu ortaya koymustur. Bu durum, Erzu-
rum cevresinde aflatoksinden kaynaklanan kronik saglik
sorunlarinin olabilecegini gostermektedir.
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Summary

The objective of this study was to find out the distribution of major virulence determinants asai, gelE, cylA, esp, and hyl by
multiplex PCR in 132 Enterococcus faecium and 67 Enterococcus faecalis isolates originated from chicken neck skin samples at
slaughterhouse and faeces samples from intensive broiler enterprises and rural poultry establishments. In the study, 31.2%
(62/199) of the enterococcal strains harbored at least one virulence determinant. The gelE gene was the predominant (30.2%)
virulence trait among the enterococci investigated followed by asai (15.6%). Both gelE and asa1 genes were significantly higher
in E. faecalis than E. faecium. The hyl, esp and cylA genes were detected with percentages of 1.5%, 1.5% and 0.8% in E.
faeciurn isolates. None of the E. faecalis strains harbored cylA, esp and hyl genes. The results indicate that a clear difference was
observed in the kind of virulence factor present in strains between faecal samples and skin samples. Also, E. faecium strains
isolated from both chicken skin samples and faeces presented lower pathogenicity potential than did E. faecalis.

Keywords: Chicken, Enterococcus faecalis, E. faecium, multiplex PCR, Virulence genes

Enterococcus faecium ve Enterococcus faecalis Tavuk Boyun Derisi
ve Diski Izolatlarinin Viriilens Gen Profillerinin Karsilastiriimasi

Ozet

Bu calismada, mezbahada tavuk boyun derisinden, entansif broyler ciftlikleri ve kdylerde aile igletmelerindeki tavuklarin
diski 6rneklerinden izole edilen 132 Enterococcus faecium ve 67 Enterococcus faecalis'in bagslica virllens genleri olan asaf, gelE,
¢ylA, esp ve hyl genlerinin multipleks PCR ile tespiti amaclanmistir. Enterokok izolatlarinin %31.2’sinin en az bir virilens genine
sahip oldugu belirlenmistir. gelE geninin dominant (%30.2) virtlens faktéru oldugu ve bunu %15.6 ile asaf’in takip ettigi
saptanmistir. Hem gelE hem de asa1 genlerinin E. faecalis'te E. faecium’a oranla énemli él¢tide ylksek oldugu tespit edilmigtir.
E. faecium izolatlarinin %1.5, %1.5 ve %0.8’inde sirasiyla hyl, esp ve cylA genleri belirlenmigstir. E. faecalis izolatlarinin
hicbirinde cylA, esp ve hyl genleri belirlenememistir. Calisma bulgulari, tavuk digki érneklerinden izole edilen enterokoklar ile
boyun derisi érneklerinden izole edilenler arasinda virllens faktorleri agisindan énemli bir fark oldugunu ifade etmektedir.
Ayrica, hem tavuk boyun derisinden hem de digkisindan elde edilen E. faecium izolatlarinin E. faecalis'e oranla daha disuk
patojenite potansiyeline sahip olduklari ortaya konulmustur.

Anahtar soézcikler: Tavuk, Enterococcus faecalis, E. faecium, multiplex PCR, Virulence genleri

INTRODUCTION

Genetical similarities between animal and human
originated enterococci have been reported and role of
natural transmission of enterococci from food animals
and contaminated foods to human tract can not be
ruled out *. Enterococci can cause food intoxication
through production of biogenic amins and worrisome
opportunistic infections because of the virulence traits 2.

Some strains are resistant to many antibiotics, but
antibiotic resistance alone cannot explain the virulence
of enterococci *. The differentiation of apparently safe
and non-safe enterococcal strains is not simple,
especially because of effective horizantal gene transfer
mechanisms *’. Enterococcus faecalis and E. faecium are
the most relevant species of Enterococcus genus with
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regard to clinical aspects. Also, virulence of Enterococcus
spp. may be linked to these species *.

A number of genes encoding for virulence factors
including asal, esp, hyl, gelE, and cyl in E. faecalis and E.
faecium have been described and their effects have been
shown in human and animal studies **. Aggregation
substance (AS), a surface protein adhesin encoded by the
gene asal has a contribution to virulence together with
cytolysin ¢, facilitates the aggregation of the donor and
recipient bacteria for efficient transfer of transmissible
conjugative plasmids *’. Another enterococcal adhesin is
the “enterococcal surface protein” (ESP), encoded by esp
gene that plays a role in biofilm formation and adherence
to abiotic surfaces *. Hyaluronidase, which is expressed
by the hyl gene, acts on hyaluronic acid and increases
bacterial invasion . The gelE gene encodes for an
extracellular Zn-metalloendopeptidase that is capable of
hydrolysing gelatin, collagen, casein, hemoglobin and
other biological peptides °. The cytolysin (Cyl) is a cellular
toxin and capable of lysing a range of prokaryotic and
eukaryotic cells *°.

Although chicken meat consumption is estimated
around a million tone *, there is a lack of information on
virulence genes of enterococci from poultry in Turkey.
Therefore, the objective of this study was to investigate
and compare the distribution of major virulence
determinants cylA, hyl, asal, esp, and gelE in E. faecalis
and E. faecium strains isolated from neck skin samples
and faeces of chicken.

MATERIAL and METHODS

Bacterial Strains

A total of 199 Enterococcus including 132 E. faecium

and 67 E. faecalis strains were investigated. Faecal
strains consisted of 36 E. faecium and 41 E. faecalis from
intensive broiler enterprises, and 56 E. faecium and 10
E. faecalis from rural poultry establishments in Kirikkale
district **. Additionally, previously PCR verified 40 E.
faecium and 16 E. faecalis strains that were isolated
from chicken neck skin samples at slaughter in Ankara *
were included.

Reference strains that were used in multiplex PCR
assays were E. faecalis MMH594 (gelE*, asal*, esp* and
cylA’), E. faecalis ATCC 29212 (gelE* and asal’), E.
faecium C68 (hyl" and esp*), E. faecium C38 (esp*) and E.
faecalis 217 (gelE, asal’, esp” and cylA’). Enterococcus
faecalis MMH594, E. faecalis 217, E. faecium C68, and E.
faecium C38 were kindly provided from Vanessa
Vankerckhoven from University of Antwerp, Vaccine and
Infectious Disease Institute Medical Microbiology,
Antwerp, Belgium.

Species Verification of Faecal E. faecium
and E. faecalis Strains By Multiplex PCR Assay

Faecal E. faecium and E. faecalis strains previously
isolated from intensive broiler enterprises and rural
poultry establisments were verified by multiplex PCR.
The extraction of DNA from the isolates was done with
Chelex-100 (Bio-Rad, Hercules, CA, USA) resin based
technique ®. Resulting supernatant was used as template
DNA for amplification procedures in the multiplex PCR
assays. For the verification of E. faecium and E. faecalis,
primer pairs (Alpha DNA, Montreal, Canada) and
multiplex PCR protocol of Kariyama et al.* was used
(Table 1).

Detection of Virulence Genes By Multiplex PCR

The extraction of DNA was done as mentioned

Table 1. Primer sequences used in this study for verification of Enterococcus species and virulence determinants

Tablo 1. Enterokok tiirlerinin dogrulanmasinda ve viriilens genlerinin tespitinde kullanian primer dizileri

Target Oligonucleotide Sequence (5'-3°) Product Size Reference
. ddIE1- ATCAAGTACAGTTAGTCTTTATTAG
Celll5 sl ddIE2- ACGATTCAAAGCTAACTGAATCAGT 941 bp 14
) ddIF1- TTGAGGCAGACCAGATTGACG
ddL E. faecium ddIF2- TATGACAGCGACTCCGATTCC 658 bp 15
wsal ASA11- GCACGCTATTACGAACTATGA 375 b g
ASA12- TAAGAAAGAACATCACCACGA P
ol GEL 11- TATGACAATGCTTTTTGGGAT 136 g
g GEL 12- AGATGCACCCGAAATAATATA P
CYT I- ACTCGGGGATTGATAGGC
@ CYT IIb- GCTGCTAAAGCTGCGCTT e 16
» ESP 14F- AGATTTCATCTTTGATTCTTGG S10b 1
P ESP 12R- AATTGATTCTTTAGCATCTGG P
hyl HYL n1- ACAGAAGAGCTGCAGGAAATG 276 bp g

HYL n2- GACTGACGTCCAAGTTTCCAA




above. Virulence genes specific primers (Alpha DNA)
(Table 1) were used in the multiplex PCR according to
the Vankerckhoven et al... However, different from
Vankerckhoven et al.*s protocol, 2.5 U Taq polymerase
(Bioron GmbH, Ludwigshafen, Germany) and 1 x PCR
Buffer [10 mmol I* Tris-HCI (pH 8.3), 50 mmol I KCl,
0.01% Tween-20] (Bioron) were used and initial
denaturation time was decreased from 15 to 5 min. In
every multiplex PCR analysis positive controls were used
in order to eliminate false negative results.

Electrophoresis of the Multiplex PCR Products

A 20 pl aliquot of each PCR products stained with 6x
loading dye (Promega, Madison, USA) were analyzed by
agarose gel (1.5% Agarose-Basica LE, Prona, Spain)
electrophoresis (CSL MSMixi-Duo, Corston, UK), stained
with 0.1 pg ml* ethidium bromide (BioChemica GmbH,
Darmstadt, Germany), at 85 V for 1.5 h and visualized by
a gel documentation and analysis system (Sygene
Ingenius, Cambridge, UK).

Statistical Analysis

Comparison between E. faecalis and E. faecium
isolates from the incidence of virulence genes including
asal, gelk, cylA, esp and hyl were analyzed with Fisher
Exact statistical analysis *.

RESULTS

A total of 199 Enterococcus including 132 E. faecium
and 67 E. faecalis originated from intensive broiler

213 bp - gelE
276 bp - Ayl
375 bp - asal
510 bp - esp

688 bp - grid

Fig 1. Major virulence genes of E. faecium and E. faecalis
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enterprises, rural poultry establishments and chicken
neck skin samples at slaughter level were analyzed for
the presence of virulence genes cylA, hyl, asal, esp and
gelE (Fig. 1). Virulence gene distributions of E. faecium
and E. faecalis strains from intensive broiler enterprises,
rural poultry establishments and chicken neck skin
samples are shown in Table 2.

In the present study, the percentage of enterococci
harboring at least one virulence determinant was 31.2%
(62/199) and was significantly (P<0.0001) high in E.
faecalis (33/67, 49.3%) than E. faecium (29/132, 22.0%).
Statistically, the E. faecium strains of intensive broilers
(18/36, 50.0%) were significantly more virulent than the
E. faecium strains of either rural establishments (9/56,
16.1%) (P<0.0001) or slaughter level (2/40, 5.0%)
(P<0.0001). No significant difference was observed
between the virulent strain percentages of E. faecium
strains isolated from rural establishments and neck skin
samples. E. faecalis strains of intensive broiler origin
(15/41, 36.6%) were significantly (P<0.0001) less virulent
than E. faecalis strains originated from neck skin samples
(16/16, 100.0%) while, were significantly (P=0.0079)
more virulent than strains of rural establishments (2/10,
20.0%). A significant (P<0.0001) difference was observed
between the virulence gene distributions of E. faecalis
(16/16, 100.0%) and E. faecium (2/40, 5.0%) strains from
neck skin samples. Additionally, no significant difference
was found in virulence gene prevalences between the
strains of E. faecalis and E. faecium isolated from rural
establishments (P=0.4624) and intensive broilers
(P=0.0946).

(Lanes 1 and 13: 100 bp DNA marker; 2: E. faecalis MMH 594; 3: E. faecalis ATCC 29212; 4: E. faecium C68; 5: E. faecium C38; 6: negative
control; 7: gelE, asal and esp positive E. faecium isolate; 8: gelE and asal positive E. faecalis isolate, 9: gelE and asal positive E. faecium
isolate; 10: gelE and hyl positive E. faecium isolate; 11: gelE positive E. faecalis isolate; 12: asal positive E. faecalis isolate)

Sekil 1. £ faecium ve E. faecalis'in baslica virllens genleri

(Sira 1 ve 13: 100 bp DNA cetveli; 2: E. faecalis MMH 594; 3: E. faecalis ATCC 29212; 4: E. faecium C68; 5: E. faecium C38; 6: negatif kontrol; 7:
gelE, asal ve esp pozitif E. faecium izolati; 8: gelE ve asal pozitif E. faecalis izolati, 9: gelE ve asal pozitif E. faecium izolati; 10: gelE ve hyl
pozitif E. faecium izolati; 11: gelE pozitif E. faecalis izolati; 12: asal pozitif E. faecalis izolati)
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Table 2. Sources and virulence gene distributions of E. faecium and E. faecalis
Tablo 2. E. faecium ve E. faecalis'lerin orijinleri ve viriilens gen dagtlimlart

Enterococcus faecium

Enterococcus faecalis

Origin of q Virulence gene Origin of . Virulence gene
Strains * nofiStrains Profile (n) (%) Strains * nofistrains Profile (n) (%)
gelE (4) (11.1)
I 36 gelE + asal (11) (30.6) I a1 gelE (9) (22.0)
gelE + hyl (2) (5.6) gelE + asal (6) (14.6)
gelE + asal + esp + cylA (1) (2.8)
gelE (4) (7.1)
R 56 gelE + asal (4) (7.1) R 10 gzg f’a(;gcz’l) 100)
gelE + asal + esp (1) (1.8) g :
gelE (9) (56.3)
CNS 40 gelE (2) (5.0) CNS 16 asal (2) (12.5)

gelE + asal (5) (31.3)

* I: intensive broiler enterprise; R: rural poultry establishment; CNS: chicken neck skin samples

The gelE gene was the predominant (60/199, 30.2%)
virulence trait among the enterococci investigated
followed by asal (31/199, 15.6%). Both gelE (P<0.0001)
and asal (P=0.0498) genes were significantly higher in
E. faecalis (31/67, 46.3% for gelE; 14/67, 20.9% for asal)
than E. faecium (29/132, 22.0% for gelE; 17/132, 12.9%
for asal).

While none of the E. faecalis strains harbored cylA,
esp and hyl genes, E. faecium strains harbored the hyl,
esp and cylA genes as 1.5% (2/132), 1.5% (2/132) and
0.8% (1/132), respectively.

DISCUSSION

Since chicken meat and products are highly consumed
and influx of virulence genes from enterococci of
chicken origin to human intestinal tract is a possible
route, this study has an impact on understanding the
distribution of major virulence genes among E. faecium
and E. faecalis of chicken origin.

According to the results of present study, E. faecium
strains isolated from both chicken neck skin samples and
faeces have lower potential pathogenicity than E.
faecalis. However, virulence genes in E. faecium isolates
presented more variable genotypes than did E. faecalis
strains, as none of the hyl, esp or cylA genes were
detected in E. faecalis isolates. On the other hand, the
gene gelE and asal were present in both analyzed
species. A clear difference was observed in the kind of
virulence factor present in strains between faecal samples
and neck skin samples. Franz et al.* previously reported
that the presence of virulence factors is a strain specific

character. In the present study, gelE gene was determined
as the predominant (30.2%) virulence trait among all of
the enterococcal strains, and especially in E. faecalis.
Similarly, the high distribution of the gelE gene in E.
faecalis reported by Franz et al.” and Poeta et al.*®* for
the faecal poultry samples. Also, results of the present
study show that the prevalence of gelE and asal genes
were higher in E. faecalis than E. faecium. Similarly
some researchers stated that gelE appear to be relatively
frequent among E. faecalis strains coming from various
sources **,

In the present study, the hyl, esp and cylA genes
were detected with percentages of 1.5% (2/132), 1.5%
(2/132) and 0.8% (1/132) in E. faecium strains,
respectively. Moreover, all strains of E. faecium harboring
hyl were also harboring gelE. Also, none of the E.
faecalis strains harbor the hyl, esp and cylA genes. Poeta
et al.* reported 30% cylA positivity for E. faecalis and E.
faecium strains of poultry origin. The results of the
present study for the esp negativity in E. faecalis is in
compliance with previous reports ****, According to the
literature review, we could not find any previous report
about esp gene in E. faecium strains of poultry faeces
origin.

Consequently, the results indicate that, a clear
difference was observed in the kind of virulence factor
present in strains between faecal samples and neck skin
samples. Also, E. faecium strains isolated from both
chicken neck skin samples and faeces have lower
pathogenicity potential than E. faecalis. Therefore, E.
faecium strains of poultry origin may play no or only a
minor role in this increasing virulence trend.
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Summary

The present study was aimed at the determination of the rate of infection with intestinal parasites in children cared for
at the Nigde Orphanage, and the demonstration of the distribution of infection in these children for age and gender. Faecal
samples collected from 110 children, aged 13 to 18 years, were examined by the native method using physiological saline. Of
the 110 faecal samples examined, 41 (37.3%) contained intestinal parasites, and of the samples containing parasites, 25
(61%) contained helminths and 16 (39%) contained protozoa. The number of faecal samples identified to contain a single
parasite species was 39 (95%), while 2 (5%) samples contained more than one parasite species. As regards the distribution of
the intestinal parasites for gender, it was ascertained that of the 75 females 30 (40%) individuals and of the 35 males 11
(31.5%) individuals were infected with intestinal parasites. The difference between the two sexes was considered to be
insignificant. Faecal examination revealed the presence of the following parasite species at the indicated rates: Ascaris
lumbricoides (34.1%), Entamoeba histolytica (29.3%), Taenia saginata (17.1%), Giardia intestinalis (9.8%), Enterobius
vermicularis (7.3%) Trichuris trichiura (2.4%). The present study demonstrated that the environment of the orphanage was
favourable for autoinfection and the spread of infection by direct contact. Furthermore, it was determined that the rate of
parasitic infection was higher in the age group of 13 to 14 years, compared to the age group of 15 to 18 years.

Keywords: Intestinal parasites, Children, Orphanage, Nigde

Nigde Yetistirme Yurdunda 13-18 Yas Grubunda Goriilen Barsak
Parazitlerinin Yasa ve Cinsiyete Gore Dagilimi

Ozet

Bu calismada yurt cocuklarinda barsak parazitlerinin yol actigi infeksiyon oranlarinin ve bu oranlarin cocuklarda yas ve
cinsiyete gére dagiimin belirlenmesi amaglanmistir. Nigde Yetistirme Yurdunda yaslari 13-18 arasinda degisen 110 ¢ocuktan
alinan diski érnekleri, serum fizyolgjik (nativ - salin) yontemi kullanilarak incelenmistir. incelenen 110 diski 6rneginden 41’ inde
(%37.3) barsak parazitleri belirlenmis, bunlardan 25’ inin (%61) helmint, 16’sinin (%39) protozoon oldugu gérilmustir. Tek
tlr parazit goérilenler 39 (%95), birden cok parazit gérilen 2 (% 5) olarak tespit edilmistir. Parazit gérilenlerin cinsiyet
dagiimi, 75 kizdan 30’unda (%40), 35 erkekte ise 11(%31.5), olmustur. Cinsiyetler arasindaki fark, énemsiz olarak kabul
edilmigtir. Parazit turleri ise sirasiyla; Ascaris lumbricoides (%34.1), Entamoeba histolytica (%29.3), Taenia saginata (%17.1),
Giardia intestinalis (%9.8) Enterobius vermicularis (%7.3) Trichuris trichiura (%2.4)olarak belirlenmistir. Bu calisma ile yasanilan
yurt ortaminin oto-enfeksiyon ve direkt temasla bulasmaya elverisli olup parazitlenmenin 13-14 yas grubunda, 15-18 yas
grubuna oranla daha fazla oldugu tespit edilmistir.

Anahtar sézclikler: Barsak parazitleri, Cocuk, Yetistirme yurdu, Nigde
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INTRODUCTION

Various factors, including the temperate climate of
the country, unfavourable environmental conditions,
inadequate sanitary services and education, and
insanitation result in predisposition to the establishment
and spread of intestinal parasites *.

In humans, infection with intestinal parasites is a
major phenomenon in regions characterized by
unfavourable nutritional and climatic conditions, where
hygiene is poor and the socioeconomic level is low *®.
Furthermore, inadequate sanitation and health checks
in environments of collective residence or education, such
as student dormitories, lead to the spread of infection "**.

Parasitic infections of the gastrointestinal tract are
very common across the world, and gastrointestinal
parasites are reported as major causes of morbidity and
mortality ***.

Intestinal parasitosis, which still constitute a major
problem in developing countries, are known to cause
physical and mental retardation, difficulty in adaptation
to the environment, insomnia, fatigue, anaemia and
psychological disorders in children *.

The prevalence of intestinal parasites in a community
is a phenomenon closely related to public health, and
which is considered to be an indicator of the development
level of the community **. Parasitic diseases have a
significant share in the causes of death in children under
the age of five throughout the year across the world.
Similarly, in Turkey, intestinal parasites are a major health
problem, and it is reported by various researchers that
intestinal parasitosis are very common in nurseries, infant
schools and schools, where children reside collectively ***.

In @ multitude of studies conducted in different
regions of Turkey, the prevalence (proportion of number
of individuals in a population having disease) and
incidence (number of new cases of a disease occurring
during a certain time period) of parasitic infections, and
thereby, the significance of these infections, have been
demonstrated **.

The present study was aimed at the determination of
the rate of infection with intestinal parasites in certain
age groups in children cared for at the Nigde Orphanage,
and the demonstration of the distribution of the
determined infection rates for age and gender.

MATERIAL and METHODS

Faecal samples collected from 110 children, cared for

at the Nigde Orphanage, constituted the material of the
study. The age and gender of the children were recorded
on the container of each faecal sample. For the collection
of faecal samples, sterile, capped containers, which
were identified with numbers, were given to the
children. The samples collected were transferred to the
laboratory for examination. The samples were subjected
to both macroscopic and microscopic examination. For
this purpose, after native examination using Lugol’s
solution, the formol-ethyl acetate concentration technique
was applied. The specimens prepared for native
examination with Lugol’s solution were examined with
standard light microscopy under x40 magnification,
while the specimens prepared for the formol-ethyl
acetate concentration technique were examined with
standard light microscopy under x10 magnification.
Faecal samples were recorded as positive when one or
more parasites were observed with light microscopy
under x40 magnification *%.

For the detection of E. vermicularis, the children
were applied the cellophane tape method, and the
slides were examined with standard light microscopy
under x10 magnification. Another method used for
diagnosis was the preparation of faecal smears and their
staining with trichrome. These smears, which were
stained with permanent stains, were examined with
standard light microscopy under x100 magnification 7.
Statistical analyses were performed using the Pearson
chi-square test.

RESULTS

Of the 110 faecal samples examined with the native
method using Lugol’s solution, 41 (37.4%) contained
intestinal parasites. Of the 41 intestinal parasites detected,
25 (61%) were identified as helminths and 16 (39%)
were identified to be protozoa. Two students were
concurrently infected with two helminth species. The
results of faecal examination and distribution for gender
are given in Table 1, while the results for the distribution
of the parasite species identified are presented in Table
2. The distribution of children diagnosed with intestinal
parasites for gender is given in Table 3, and the

Table 1. The results of faecal examination and distribution for
gender

Tablo 1. Diskt incelemesi sonuclart ve cinsiyet daguimt

. . Parasites
I s, WereNot Toul X P
Established
Girl 30 45 75
Boy 11 24 35 0.750 0.258
Total 41 69 110




Table 2. The distribution of the parasite species
Tablo 2. Parazitlerin tiirlerine gére dagulumt

Parasite Species Number %

Ascaris lumbricoides 14 341
Entamoeba histolytica 12 293
Taenia saginata 7 17.1
Giardia intestinalis 4 9.8
Enterobius vermicularis 3 7.3
Trichuris trichiuradi 1 24
Total 41 100

distribution of parasites for age groups is presented in
Table 4. Of the children diagnosed with parasitic
infection, 30 (73.2%) were female and 11 (26.8%) were
male. Of the children determined to be infected with
intestinal parasites, 10 (24.3%) were aged 13 years,
while 13 (31.8%) were aged 14 years, and 8 (19.5%)
were aged 15 years. Furthermore, 5 (12.2%) were 16
years old, 3 (7.3%) were 17 years old, and finally, 2
(4.9%) were of the age 18.

Table 3. The distribution of diagnosed parasites for gender
Tablo 3. Parazit tespit edilenlerin cinsiyete gére dagilimt

Gender Number %

Girl 30 73.2
Boy 11 268
Total 41 100

Table 4 . The distribution of parasites for age groups
Tablo 4. Yas gruplarina gdre parazitlerin dagilimt

The Group of Ages Number %

13 10 243
14 13 318
15 8 19.5
16 5 12.2
17 3 7.3
18 2 49
Total 41 100

DISCUSSION

In cases of intestinal parasitosis, factors directly
affecting the incidence of infection are level of
education, food habits, traditions and customs, and
socioeconomic and medicosocial living standards. In
addition, geography, climate, meteorology and infra-
structure are other factors influential on parasitosis. The
above mentioned factors are highly variable in Turkey,
and thereby, naturally, cases of parasitosis vary between
different regions of the country *. It has been reported
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that the prevalence of intestinal parasitosis ranges from
10% to 96% in the community, and that the socio-
economic level of provinces and parasite incidence are
inversely proportional to each other ®°. Similar to reports
on the insignificance of the difference between females
and males in parasite distribution for gender in foreign
countries, no statistical significance has been reported
in Turkey for parasitic infections in females and males,
yet, it has been pointed out to the rates of infection
being close to each other in the two sexes ¥. The present
study investigated and demonstrated the distribution of
intestinal parasites for gender, yet, it was determined
that no statistically significant difference existed between
females and males.

Previously conducted research has shown that the
prevalence of intestinal parasites in children in Turkey
ranges from 13% to 66% *. Furthermore, surveys
conducted for parasitosis in primary school children in
Turkey has demonstrated that the incidence ranges
from 11.1% to 98.8% *.

In a study, in which 607 primary school students, 307
(48.5%) of which were girls and 300 (51.5%) were boys,
were applied the cellophane tape method, it was
determined that 16.14% were infected with E.
vermicularis *.

In another study conducted in patients, who were
referred to the clinics of the Faculty of Medicine of
Cumbhuriyet University with diarrhoea, the prevalence
of intestinal protozoa was determined as 26% *.
Furthermore, of 2351 faecal samples examined at the
Parasitology Laboratory of the Faculty of Medicine of
Kocaeli University, 257 (10.93%) contained parasites *.

In a study conducted in Burdur province for the
investigation of the species, prevalence and socio-
demographic and behavioural patterns of intestinal
parasites in primary school children, the researcher
collected 172 answers to a questionnaire, cellophane
tape specimens and faecal samples from schools. The
prevalence of intestinal parasites in the children
included in the study was determined as 8.1%. The most
frequently observed parasite species were E. vermicularis
and G. intestinalis. The total rate of infection was 12.1%
in boys and 3.7% in girls. The highest prevalence of
intestinal parasites was observed in the children aged 11
years. Gender, average age and number of rooms were
determined to be markedly correlated with parasitosis *.

In a study carried out in the Mother and Child Health
and Family Planning Centre of Isparta province, 566
faecal samples (277 of which were taken from girls and
289 from boys) were examined for the presence of
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parasites. Parasites were detected in 383 of the samples
(121 of which belonged to girls and 262 to boys). Two
hundred and sixty two of the cases of parasitic infection
were in preschool children aged 0-6 years, and the most
common parasite species was E. vermicularis *.

Of the 3628 patients, who were referred to the
clinics of the Faculty of Medicine of Dokuz Eylul University
in the year 2003, 237 (6.53%) and of the 4084 patients,
who were referred to the clinics in the year 2004, 258
(6.31%) were diagnosed with parasitic infection 7.

In a study conducted in primary school children in
the city centre of Malatya province, of the 1838 students
examined, 415 (22.5%) were diagnosed with parasitic
infection. The most common parasite species was E.
vermicularis (10.6%) *.

In a study carried out in 110 higher education students
in Van province, 34 (30.9%) were determined to be
infected with at least one parasite species *.

Dogan et al, in a study carried out at two different
orphanages in children aged 0-6 years and 7-12 years,
reported the prevalence of parasitic infection to be 51%
and 54% in the 0-6 and 7-12 age groups, respectively *.

Durmaz et al.” in a study in which they investigated
the prevalence of intestinal parasites in primary school
and orphan children in Malatya province, examined
faecal samples belonging to 94 orphan children and 560
primary school children aged 7-11 years. Of the orphans,
89.4% were diagnosed with parasitic infection and the
most frequently observed parasite was E. vermicularis.
The rate of intestinal parasitosis was 77.1% in the primary
school children with the most common parasite species
being G. lamblia.

Yilmaz et al." reported that of the 3505 children
aged 0-13 years, who were referred to the Parasitology
Laboratory of the Faculty of Medicine of 100. Yil
University in the year 1996, 779 were diagnosed with
parasitic infection. The researchers determined that the
most common parasites species were E. histolytica and
A. lumbricoides.

In Nigde province, Topgu and Ugurlu * have reported
on the species associated with parasitic infection in
primary schools with different conditions, and have also
demonstrated the distribution of thse parasites for age,
gender and socioeconomic level.

In the present study the incidence of parasitosis in
children cared for at the Nigde Orphanage was
determined as 37.1%. In particular, due to the
cellophane tape method not being able to be used for

the diagnosis of E. vermicularis infections, it is
considered that values lower than the actual parasitosis
incidence may have been obtained. In the present study,
61% of the parasitosis cases were determined to be
caused by protozoa, while 39% were ascertained to be
caused by helminths.

As observed in the present study, differences in the
aforementioned factors influence the incidence and
prevalence of parasitosis. The species A. lumbricoides,
which is very common in Eastern, South-eastern and
Central Anatolia, was also determined at a high rate in
this study. Factors, which determine the occurrence of
parasites, are frequently observed in locations where
people reside collectively, such as orphanages. In such
places, age is observed to be a more influential factor.
In view of the wealth of information gained to date, for
the community to overcome this problem, it is
essential that public awareness is raised and each
individual takes responsibility. Appropriate sanitation
and food habits should be established and maintained.
Medical staff appointed for such services should be
well-educated. The significance of preventive
medicine should be communicated to the public.
Accordingly, to achieve this target, the relationship
between medical staff and families should be
strengthened. Furthermore, all departments, units,
institutions and organizations involved in public service
should fulfil their responsibilities with a high level of
awareness. In view of the fact that the source of many
parasites is humans and that cysts excreted in the faeces
are transmitted by the faecal-oral route, adequate
importance should be attached to infrastructure and
environmental health services. Responsible institutions
and organizations should cooperate in harmony.
Prevailing infections should be eliminated and prevented
through the treatment of infected persons and the
improvement of environmental conditions. In other
words, treatment and prevention should be implemented
together. In locations, where prevalence and incidence
rates are already high or are expected to be high, people
should be subjected to regular health checks, surveys
should be conducted and people should be educated
with a view to raise public awareness. In terms of
preventive medicine and treatment, the education of
the public and the raising of public awareness bear great
significance.
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Summary

This study examined 1478 tick samples taken from humans who applied to the hospitals with tick bites in the provinces of
Tekirdag, Kirklareli and Edirne in Thrace region of Turkey between May and November, 2007. The samples were evaluated in
terms of species, developmental stage, gender, season and locality. The ticks were identified as Hyalomma spp. (76.05%),
Rhipicephalus spp. (11.71%), Ixodes spp. (10.55%), Haemaphysalis spp. (1.48%), Dermacentor spp. (0.07%), Ornithodoros
spp. (0.07%), and Argas spp. (0.07%). Majority of the tick samples were Hyalomma aegyptium nymphs (68.54%). According to
the hospital application dates, tick bite cases occurred in August at most (30.11%). Tick bites by Ixodes spp. were abundant in
the Black Sea coasts of the region. Based on localities, majority of the cases were reported from the urbanized areas (61.30%).

Keywords: Tick, Thrace, Turkey, Human

Trakya illerinde insanlari1 Tutan Kenelerin Degerlendirilmesi

Ozet

Bu calismada, 2007 yili Mayis ve Kasim aylari arasinda, Trakya Yoéresindeki Tekirdagd, Kirklareli ve Edirne illerinde kene
tutunma sikayeti ile hastanelere bagvuran insanlardan alinan 1478 kene érnegi incelenmistir. Ornekler tir, gelisim dénemi,
cinsiyet, tutunma zamani ve bélgesi ydoninden degerlendirilmistir. Teshis edilen keneler Hyalomma spp. (%76.05),
Rhipicephalus spp. (%11.71), Ixodes spp. (%10.55), Haemaphysalis spp. (%1.48), Dermacentor spp. (%0.07), Ornithodoros
spp. (%0.07) ve Argas spp. (%0.07)’dir. En fazla Hyalomma aegyptium nimflerine (%68.54) rastlanmistir. Hastaneye basvuru
zamani bakimindan, kene tutunma olgulart en ¢cok Agustos ayinda (%30.11) gerceklesmistir. Ixodes spp. kaynakli olgular
bélgenin Karadeniz kiyisinda yogunlagmustir. Olgularin biyik cogunlugu (%61.30) sehirsel alanlardan gelmistir.

Anahtar sozciikler: Kene, Trakya, Tlirkiye, Insan

INTRODUCTION

Distributed worldwide, there are some 899 respectively), 10% of which significantly impact human
described tick species (Argasidae, Ixodidae and and animal health, by transmitting pathogens of around
Nuttalliellidae consisting of 185, 713 and 1 species, 200 diseases **.
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Ticks exhibit varying degrees of host selection,
depending on species and developmental stages.
However, they use different animals as host when they
could not quest for their own appropriate host. Although
there is not a known tick species which tends to
complete its life cycle on humans, it is reported that
around 200 tick species, can attach to and feed on
humans. Among these, 28 species can play a direct role
in transmission of several diseases **.

Risk of tick attachment and related tick-borne diseases
in a given region are certainly related to vector tick
abundance and human activities. Also, geographic and
climatic conditions, and presence and habitat preferences
of host animals are closely related with the risk factors **.

In the present study, tick bite cases were evaluated in
terms of tick species, seasonal activity and characteristics
of locality in Thrace region between May and November,
when the most tick species were active, in 2007.

MATERIAL and METHODS

Description of the Study Area

Thrace region constitutes the European part of Turkey.
It is bounded on the west by Greece and Bulgaria, on
the east by Bosphorus strait, on the north by the Black
Sea, on the south by the Sea of Marmara, and on the
southwest by the Aegean Sea. Of the study provinces,
Tekirdag is situated on the northern coast of the Sea of
Marmara, Kirklareli is located along the Bulgarian border
and on the west coast of the Black Sea, and Edirne which
is in Eastern Thrace bordering the Aegean Sea to the
south, Bulgaria to the north and Greece to the west.
Large plains and hilly surfaces occupy the interior and
south parts of the region. Thrace has high mountains to
the north, which run parallel to the Black Sea, and are
densely forested. The second largest longos forest in
Europe is in this region. Vegetation is composed of steppe
predominantly, and maquis in places, and forests in
highlands, while the interior and south parts of the region
contain cultivable areas. The diverse and transitional
weather conditions are the results of the interplay of
the different climatic zones in the region; coasts are
affected by the climate of the sea nearby, whereas inland
exhibits continental climate to some degree. The summers
are generally hot (average temperature 27°C) and
moderately rainy, except the Black Sea coast receiving high
precipitation. The winters are cold (average temperature
4°C) and rainy, especially inland experiencing heavy snow
and freezing temperatures below 0°C in places. Total
population of the region is 1.502.358 (Tekirdag: 521.554;
Edirne: 262.039; Kirklareli: 218.071), and population

density is 79.23 per km’ (Tekirdag: 122.09 per km?;
Edirne: 64.72 per km?; Kirklareli: 51.44 per km?) in 2008.
The percentage of the total population living in urban
areas is 66.67%, while rural population is 33.33%.

Tick Collection and Identification

Ticks were obtained from humans who applied to
the regional hospitals with complaints of tick bites
between the dates of 01.05.2007 and 30.11.2007. Ticks
were removed from the patients by the physicians and
sent to our laboratory for identification. Adult ticks were
identified to the species level, while larvae and nymphs to
the genus level with the exception of Hyalomma
aegyptium nymphs which could be identified to the
species level. Identification was done using taxonomic
keys ™.

Determination of Seasonal and Regional
Distribution of Tick Bites

Tick bites were recorded for each case, based on
species and developmental stage of the tick, and date
and place of the attachment. From the anamnesis
records, possible attachment localities were further
determined, and those localities were classified as rural
and urban areas.

RESULTS

Data on Tick Species and Developmental Stages

A total of 1478 tick samples were obtained from the
overall tick bite cases. Based on developmental stages
and numbers, distribution of the species is given in
Table 1. In most cases, ticks were in the nymphal stage
(74.77%), while adults (23.54%) and larvae (1.69%)
succeeded respectively (Table 1).

Data on Localities Where Tick Bites Occurred

Of 1478 cases, 572 were reported from rural areas
including villages, farms, grasslands and picnic sites
(38.70%), whereas 906 from urban areas (61.30%).
While H. aegyptium nymphs led to cases of bites in the
latter mainly (72.26%), adults of H. marginatum, H.
aegyptium, R. bursa and |. ricinus, and nymphs of Ixodes
spp. bite humans in rural areas (76.67%, 53.57%,
68.18%, 71.43% and 71.43%, respectively). The number
of biting cases by Rhipicephalus sanguineus group ticks
(R. sanguineus and R. turanicus) was almost the same
for urban and rural areas (51.46% and 58.54%
respectively). Tick species, of which number of samples
was less than 25, were not taken into account for this
evaluation (Table 2).
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Table 1. Species, developmental stages and numbers of the ticks detached from humans

Tablo 1. insanlardan toplanan kenelerin tiir, gelisme dénemi ve sayilart

Total Number Number of Number Total
of Larvae Nymphs of Adults

Hyalomma spp. 16 - - 16
H. marginatum - - 60 60
H. aegyptium - 1013 28 1041
H. detritum - - 7 7
Ixodes spp. 9 84 - 93
I. ricinus - 63 63
Rhipicephalus spp. - 4 - 4
R. sanguineus gr. - - 103 103
R. bursa - - 66 66
Haemaphysalis spp. - 4 - 4
H. parva - - 15 15
H. punctata - - 2 2
H. sulcata - - 1 1
Dermacentor marginatus - - 1 1
Ornithodorus sp. - - 1 1
Argas sp. - - 1 1
Total 25 1105 348 1478

Of the 156 Ixodes spp. collected, 120 (76.92%)
occurred in Kirklareli located on the west coast of the
Black Sea, whereas 29 (18.59%) and 7 (4.49%) in
Tekirdag and Edirne, respectively, the former being
situated on the coast of the Sea of Marmara, and the
latter being in the inner of the region. Table 2
summarizes the related data.

Table 2. Cases of tick bites by species, type of locality and provinces
Tablo 2. Tiir, tutunma yeri tipi ve illere gére kene tutma olgulart

Seasonal Distribution of Cases

During the period from May to November, cases of
tick bites were reported each month. Most cases were
occurred between June and September, reaching to a
peak with 445 cases (30.11%) in August. Larval
infestations of Hyalomma spp. were occurred between
May and September, mostly in June and July with the

Tick Numbers

Tick Species Type of Locality The Provinces
Rural Area Urban Area Tekirdag Kirklareli Edirne

Hyalomma spp. (Larvae) 6 10 9 5 2
H. marginatum 46 14 13 24 23
H. aegyptium (Nymph) 281 732 558 236 219
H. aegyptium 15 13 9 12 7
H. detritum 3 4 1 4 2
Ixodes spp. (Larva) 6 3 3 6 0
Ixodes spp. (Nymph) 60 24 11 68 5
I. ricinus 45 18 15 46 2
Rhipicephalus spp. (Nymph) 2 2 1 3 0
R. sanguineus gr. 50 53 48 38 17
R. bursa 45 21 29 27 10
Haemaphysalis spp. (Nymph) 1 3 2 2 0
H. parva 8 7 11 3 1
H. punctata 1 1 2 0 0
H. sulcata 1 0 1 0 0
Dermacentor marginatus 0 1 0 1 0
Ornithodorus sp. (Adult) 1 0 0 1 0
Argas sp. (Adult) 1 0 0 1 0

572 906 713 477 288

Total (1478)

(38.70%) (61.30%) (48.24%) (32.27%) (19.49%)
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case numbers 6 and 7, respectively. Infestations with H.
aegyptium nymphs were reported between May and
October, and there was a peak in August (394 cases) and
September (391 cases), while adults of this species were
recorded between June and September with a peak of
13 cases in June. H. marginatum adults were seen
between May and August, and July showed a peak with
29 cases. Little cases by nymphs of Haemaphysalis spp.
were occurred between July and September. Fifteen
(15) cases of H. parva infestation were seen
predominantly in autumn months, October being the
month in which 7 cases occurred. Rhipicephalus spp.
were recorded between May and September, especially
in June and July. Adults of /. ricinus infestations were
recorded each month during the study period, and both
adults and nymphs were predominant in June and July.
Table 3 summarizes the related data.

Table 3. Cases of tick bites by months
Tablo 3. Aylara gére kene tutma olgular

host selectivity, or they do not tend to bite humans. The
degree of host selection of B. annulatus, a one-host tick
found most often on cattle, is known to be high *. Thus,
it is more likely that this species prefers their primary
host, cattle which are abundant in the study area, rather
than humans and other animal hosts.

Each tick species possesses a special activity season,
and activity period may differ partly, depending on
weather conditions and geographical characteristics.
Species of Dermacentor and Haemaphysalis are active in
early Spring and late Autumn, while Rhipicephalus spp.
appear in humid and warm months, and Ixodes species
become active in cool and humid months *. This study
revealed that most of tick biting cases occurred in hot
summer months, especially in August. Overlap of periods
in which a given tick species is active and humans enter

Tick Numbers by Months

Tick Species
May June July August  September October = November

Hyalomma spp. (Larva) 1 6 7 1 1 0 0
H. marginatum (Adult) 3 22 29 6 0 0 0
H. aegyptium (Nymph) 1 25 148 394 391 54 0
H. aegyptium (Adult) 0 13 9 4 2 0 0
H. detritum (Adult) 1 3 1 2 0 0 0
Ixodes spp. (Larva) 1 0 5 3 0 0 0
Ixodes spp. (Nymph) 9 41 32 2 0 0 0

1. ricinus (Adult) 6 37 8 4 3 2 3
Rhipicephalus spp. (Nymph) 0 1 1 1 1 0 0
R. sanguineus gr. (Adult) 11 60 23 8 1 0 0
R. bursa (Adult) 1 23 24 16 2 0 0
Haemaphysalis spp. (Nymph) 0 0 1 2 1 0 0
H. parva (Adult) 1 1 0 1 1 7 4
H. punctata (Adult) 0 0 0 0 2 0 0
H. sulcata (Adult) 0 0 0 0 1 0 0
D. marginatus (Adult) 0 0 0 1 0 0 0
Ornithodorus sp. (Adult) 0 1 0 0 0 0 0
Argas sp. (Adult) 0 0 1 0 0 0 0
Total (1478) 35 233 289 445 406 63 7
(%) (2.37) (15.76) (19.55) (30.11) (27.47) (4.26) (0.47)

DISCUSSION the habitat of that tick is one of the most important

Throughout Turkey, 32 tick species (28 ixodids and
four argasids) have been found so far; of these, 20
species are found in Marmara Region involving Thrace *.
However, the present study reported 13 tick species
from three provinces in Thrace. Boophilus annulatus (R.
annulatus) and Hyalomma anatolicum which are known
to frequently attach to livestock in the study area * were
not encountered in biting cases evaluated with this
study. This may suggest that these species indicate high

factors which determines the possibility of human-tick
contact. When considering that humans occupy
grasslands, pastures and picnic sites in warm seasons, it
is clear why Hyalomma species which are active in hot
months cause most of biting cases.

According to the species, and even developmental
stage, most of the ticks prefer a certain group of hosts.
In contrast to adults larvae and nymphs exhibiting less
host selectivity and readily attach to rodents and birds ***,
With regard to developmental stages, nymphs were



found to be dominant in this study (74.77%), and
succeeded by adults and larvae (23.54% and 1.69%,
respectively). Additionally, tendency of each species,
even each developmental stage to bite human is quite
different from each other. While 28 H. aegyptium adults
were found infesting humans, the number of its’ nymphs
found on humans was 1013. Similarly, Ixodes spp.
nymphs found outnumbered the adults (84 and 63,
respectively). On the other hand, adults of Rhipicephalus
and Haemaphysalis were numerous, and there were no
nymphs of H. marginatum. Considering the biology of
the latter which is a two-host tick, it is not surprising
that there were no nymphs at all. But, one cannot say
the same thing for Rhipicephalus and Haemaphysalis
species which are three-host ticks, since there may be
several different factors affecting the attachment of
immature forms of these ticks to humans. 1013 H.
aegyptium nymphs constituted the biggest portion
(68.54%) of total ticks collected during the study.
However, adults of this species were less in number (28
adults composing 1.89% of total ticks). Another
interesting finding is that nymphs were mostly from
urban areas (72.26%), whereas adults from rural areas
(53.57%). It is reported that H. aegyptium, a three-host
tick, uses turtles, other reptiles and mammals as
host 2, turtles are the primary host of each of three
developmental stages *, being the first preference of
the adults *. Larvae and nymphs may prefer also other
reptiles, mammals and birds rather than turtles 2,
Conserving natural structure to some extent (eg. small
city parks, cemetaries), urban areas in the study area
possess turtles overly. This situation and the current
literature may explain the abundance of H. aegyptium
nymphs leading to human infestations. Yet, outnumbered
nymphs compared to adults may be correlated to the
density in environment and flexibility in host selection.
However, these cannot be explanation for the adults
causing biting cases in rural areas. Our observations
showed that turtles in urban areas tend not to leave their
limited habitat. Thereby, instead of attempting to find
different hosts, huge and crawling Hyalomma adults **°
readily find turtles, which travel wide distances, to feed
on. But, larvae and nymphs are not easy to find a host,
and use the first animal which they find as host without
showing host selection. Nevertheless, these assumptions
cannot explain why biting cases caused by larvae of both
H. aegyptium and other species were less in number,
compared to the nymphs. On the other hand, larvae
possibly prefer small animals rather than humans as
host since it will be difficult for them to crawl up bigger
hosts. In addition, due to their small size, larvae attached
to human body might be overlooked.

Although R. bursa caused more biting cases in rural
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areas (68.18%), the number of the cases by R. sanguineus
group was almost the same in rural and urban areas
(48.54% and 51.46% respectively). The reason for this
may be related to the fact that ticks of R. sanguineus
group are three-hosted and prefer dogs and some other
animals ®, and population of stray dogs is enough in both
areas to support population of these ticks. On the other
hand, R. bursa is a two-host species preferring ruminants,
and its biology is mostly restricted to rural areas.

Hyalomma marginatum is the known vector of
Crimean-Congo hemorrhagic fever in Turkey Y. This
species was reported not to prefer humid areas, and to
feed on animals, exhibiting a tendency to use humans as
host *. Our results also showed that H. marginatum is
abundant in relatively dry and rural parts of the study
area.

Ixodes spp. were seen to be abundant mainly in
Kirklareli where rainy Black Sea climate prevails, and
partially in neighboring Tekirdag. In fact, this situation is
quite accordant with the known bioecological
characteristics of the ticks in the genus Ixodes which is
well adapted to rainy and cooler geographical areas *.
Unlike to the fact that nymphs of Ixodes spp. are widely
seen in Autumn in the regions where these ticks are
commonly found *, both adults and nymphs of Ixodes
spp. were observed mainly in June and July in our study.
Considering that the present study was a passive survey,
rather than the actual annual distribution of this tick,
the situation can be related to the dense human activity
in the natural habitat of this species in summer months.

66.67% and 33.33% of the people live in urban and
rural areas respectively in the study area, and the
percentages of biting cases were 61.30% for urban and
38.70% for rural areas. As seen from the data, the
population density and tick bite cases in the study area
are quite parallel to each other.

Factors such as temperature, humidity, precipitation,
vegetation and altitude affect activities of ticks
substantially **. Furthermore, tick infestation, vector
potential of the relevant ticks and the accompanying
problems are closely connected to some factors
including host species, habitat and geographic
conditions ***, In conclusion, our findings confirmed by
current literature reveal that there are many factors
which determine level of risk to humans resulting from
tick attachment and tick-borne diseases.
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Ozet

Arastirma, Ege ve Marmara Denizi'nden avlanilan midye ve istiridyelerde fel¢ yapici ve ishal yapict kabuklu su urinu
toksinlerinin bulunup bulunmadigini, varsa insan ve hayvan saghdi agisindan risk olusturacak duzeylerde olup olmadigini, hangi
bélgelerde ve hangi mevsimlerde rastlanildigini ortaya koymak amaciyla yapildi. Analizler Mayis, Temmuz ve Kasim aylarinda
toplanan 72 grup midye ve istiridye 6rnegi tzerinde yapildi. Yontem olarak bu tip zehirlenmelerin tespitinde en gtivenilir test
olarak kabul edilen “fare biyolojik metot” kullanildi. Analiz sonuglarina gére ishal yapict kabuklu su Urunu toksinlerine hig
rastlanmadig, felg yapici kabuklu su tiriini toksinlerinin ise izmir ve Balikesir'de ilkbahar sonu ve yaz aylarinda bulunabilecegi,
ancak insan ve hayvan sagligi acisindan risk olugturacak miktarlarda olmadigi gérulda.

Anahtar sozciikler: Dinofisistoksin, Fare biyolgjik metot, Istiridye, Midye, Okadaik asit, Saksitoksin

The Investigation of The Presence of Paralytic and Diarhetic Shellfish
Toxins in Commercially-Cought Mussels and Oysters from Aegian and
Marmara Seas

Summary

The aim of this study was to research whether there were paralytic and diarhetic shellfish toxins in mussels and oysters
that were commercially-cought from Aegian and Marmara Seas, and in case of presence, to evaluate whether these toxins
were hazardous for human health, and to assert the seasons and regions in which these toxins were abundant. Samples from
72 group of mussels and oysters which were collected in May, July and October were analyzed in the study. ‘Mouse Biological
Method’, which was accepted as the most certain test for such toxication tests, was used as the main method. The data
showed that diarhetic shellfish toxins were not found in any region, but paralytic shellfish toxins may be found in izmir and
Balikesir during summer and at the end of spring. In addition, the amount of toxins did not carry risk for human health.

Keywords: Dinophysistoxin, Mouse biological method, Mussel, Oyster, Ocadaic acide, Saxitoxin
GiRiS

Dinoflagellate tirleri, ¢ok degisik tiirde dogal toksin  kabuklu su Griini zehirlenmesi (NKZ), amnezik kabuklu su
Uretebilir. Algler tarafindan da tretilebilen bu toksinlerle  Grlini zehirlenmesi (AKZ), ishal yapici kabuklu su Griini
kontamine kabuklu su irinlerinin tiiketilmesi sonucu, fele  zehirlenmesi (iKZ), ciguatera balik zehirlenmesi ve
yapici kabuklu su Grini zehirlenmesi (FKZ), nérotoksik  azaspirasid kabuklu su Griini zehirlenmesi meydana gelir *.
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Kontamine kabuklu su driinlerini tiiketen insanlarda
gorilen zehirlenmeler sonucunda FKZ toksinleri tespit
edilmistir . Ayni toksinler tath su siyanobakterilerince de
Uretilmekte olup *?, bu toksinlerle kirlenmis sulari icen
insan ve hayvanlarda da saglik agisindan istenmeyen
etkiler meydana getirmektedir ®. Tum dinyaya dagilim
gostermis olan bu organizmalar igme su kaynaklarinda
da yaygin olarak bulunmaktadir. Zehirli toksinlerin igme
sularindaki diizeyleri kabuklu su Griinlerindekinden daha
dusaktdr 2.

FKZ toksinleri; 1siya ve soguga *, asit ortama, pisirme
ve haslama islemlerine dayanikli, bazik ortamda ise da-
yaniksizdir. Tetrodotoksin gibi guanidium bilesigidirler >°
ve tetrohidropurin yapisi igerirler 2. Protogonyaulax tiriu
dinofilagellatalardan orijin alan saksitoksin, gonyatoksin
1, gonyatoksin 2, gonyatoksin 3, gonyatoksin 4 °,
gonyatoksin 5, gonyatoksin 6, gonyatoksin 7 ve neo-
saksitoksin olarak anilan dokuz farkli tip izole edilmistir.
En zehirlileri saksitoksin ve gonyatoksin 3’diir #*%, Oldii-
ricli dozlari tire ve canlinin agirligina gore degisir *2.
Toksinler, sinir ve kas hiicre zarlarinda sodyum kanalla-
rini bloke ederek sodyum gecisini *****® ve cevresel sinir
iletimini engellerler . Solunum felcine **, solunum
glgllgine, yuz felcine *ve kan basincinin diismesine
sebep olurlar 7.

Kabuklu su driinleri, toksin tGreten mikroorganiz-
malari tasimak suretiyle zehirlenmeye sebep olurlar .
insanlardaki 6ldiriicii dozu 0.3-1 mg kadardir *°%2 Sy
Urlinlerinin yenilebilir et kismi i¢in belirlenen en dusik
saksitoksin miktari 80 ng/100 g’dir >,

iKZ’leri gida zehirlenmelerinin 6zel bir tipidir. Bu
zehirlenmeyle ilgili Dinophysis tiri dinoflagellatalardan
orijin alan Y okadaik asit, dinofisistoksinler ve pekteno-
toksinler ve yessotoksinler olarak anilan 4 farkl toksin
grubu saptanmistir %,

Bu grup toksinler, mide bagirsak ve iskelet sistemi
Uzerine etkilidirler *°. Farelere periton ici yolla uygulanan
pektenotoksinlerin karaciger nekrozuna, yessotoksin-
lerin ise kalp kasinda hasar yaptigl tespit edilmistir.
Azaspirasidler dahil %, toksinlerin timi mide-bagirsak
kanali belirtileriyle karakterize ishal yapici kabuklu su
UrlinG zehirlenmesine sebep olurlar *. Tolerans dizeyi
0-60 nug/100 g'dir .

Fare biyolojik metot, toksisitenin belirlenmesi igin
kullanilan en gilvenilir testtir ve bu test bir kontami-
nanttan daha fazlasinin degerlendirilmesini de saglar.
Antikor 6lciimlerine dayanan testleri de icine alan diger
bircok metot, dontsim faktorlerini kullanarak hesap-
lanan toksisitenin hangi toksin yogunluklarinda oldu-
gunun tahminini saglamaktadir *. Etik ve teknik neden-

ler fare deneylerine alternatif olarak yeni tekniklerin
bulunmasini tesvik etmistir. Fakat antikor ve saksitoksin
cipleri kullanilarak yapilan yeni testlerin ¢ok fazla is yiki
getirdigi belirtilmistir . Kabuklu deniz Grinlerinde
FKZ toksinlerini izleme su anda uluslararasi akredite
“Association of Official Analytical Chemists (AOAC)” fare
biyolojik metodu kullanilarak yapilmaktadir. Fare biyo-
lojik metodunun FKZ toksinlerinin analizleri igin kullanil-
masinin gerekliligi Avrupa Komisyonu direktiflerinde de
belirtilmistir *,

FKZ toksinlerinin fare biyolojik metotla analizlerinde
sonuglar; 100 g kabuklu su Uriinu etinde pg saksitoksin
olarak hesap edilir ve saksitoksin tespiti icin elde edilen
stzlintlinlin fareye enjeksiyonundan sonra bir saat slrey-
le fare 6lumlerinin gozlenmesi ile degerlendirilir 2%,
Stzuntl islemi genellikle 0.1 N HCI ile gergeklestirilir ve
pH degeri tercihen 2.5-3’e ayarlanir. PH ayarlamasi igin
HCI asit (5N HCI) ve NaOH (0.1 N NaOH) kullanihr. Ornek
5 dak kaynatilir, sonra sogutulur ve tekrar pH ayarlamasi
yapilir **. ishal yapici kabuklu su Griini toksinlerinin
fare biyolojik metotla analizlerinde sonuglar; kabuklu su
Urind etinden elde edilen stzlintilerin farelere enjek-
siyonundan sonra 24 saat sireyle fare 6limlerinin goz-
lenmesi ile degerlendirilir ***,

Bu calisma ile, Ege ve Marmara Denizi’nden avlanilan
midye ve istiridyelerde fel¢ yapici ve ishal yapici kabuklu
su Urldnd toksinlerinin bulunup bulunmadiginin, varsa
insan ve hayvan saghgi agisindan risk olusturacak diizey-
lerde olup olmadiginin, hangi bolgelerde ve hangi mev-
simlerde rastlanildiginin ortaya konulmasi amaglandi.

MATERYAL ve METOT

Calismada, 1999 yilinda Ege ve Marmara Denizi’'nden
avlanilan midye ve istiridyeler kullanildi. Midye ve isti-
ridye &rnekleri, Ege Denizi’nin izmir, Balikesir (Ayvalik)
ve Canakkale sahilleri ile Marmara Denizi’nin Canakkale,
Balikesir (Bandirma) ve istanbul sahillerinden, Mayis,
Temmuz ve Kasim aylarinda ikiser defa olmak lzere her
noktadan toplam alti kez toplandi. Kis mevsiminde mid-
ye ve istiridye avlanilamadigi i¢cin ornek toplanmadi.
Toplanan her grup ornek en az elliser adet olmak Uizere
toplam 36 grup midye ve 36 grup istiridye 6rnegi
toplandi.

Toplanan bu 6rnekler, 18°C’de muhafaza edilerek
analizleri 1999 yil icerisinde tamamlandi ve yerel etik
kurul ilkelerine uyuldu.

FKZ Toksin Tespiti

Midye ve istiridye 6rneklerinin ayiklanan 150 g kadar
et kismi parcalandiktan sonra, 100 g 6rnek bir behere



tartildi. Uzerine 100 ml 0.1 N HCI asit ilave edilerek iyice
karistirildi. Karisim, pH metre ile pH’si 2.5’a ayarlandi.
Hafif ateste bes dakika kaynatildi. Oda sicakligina kadar
sogutuldu. pH’sI tekrar 2.5’a ayarlandi. Karisim, dereceli
kaba aktarilarak distile su ile 200 ml’'ye tamamlanarak
karistirildi. Santriftj tiplerine bir miktar alindi ve 3000
devirde bes dakika santrifiij edildi. Her stzlintliden, 18-
21 agirhgindaki Gg adet test faresine periton ici yolla
birer ml enjekte edildi. Fareler birer saat gdzlem altinda
tutuldu. Olim gériilen érneklerde 0-80 pg/100 g mik-
tarlarinda FKZ toksinlerinin bulundugu tespit edildi.

iKZ Toksin Tespiti

Midye ve istiridye 6rneklerinin i¢ kisimlarindan 20-25
g bir cam balona tartildi. Ornek, bir parcalayicida par-
¢alandi ve sonra 20 g tartildi. Tartilan 20 g 6rnek (izerine
100 ml aseton ilave edilerek, karistirici vasitasiyla bes
dakika karistirildi. 500 ml’lik bir balon icerisinde Ustteki
sivi kismi stizge¢ kagidi yardimiyla stzilerek alindi. Bu
islem ¢ defa yapildi. Elde edilen stiziintii (yaklagik 300
ml) 40-50°C’de bir evaporatorda buharlastirildi. Asetonik
faz tamamen buharlastirildiktan sonra 15 ml distile su ile
tekrar siispanse edildi. 100 ml’lik ayirma hunisinde 50
ml etil eter ile stzlintl islemi gergeklestirildi. Eter ile su
fazinin siizlintl islemi 2 kez tekrar edildi. Eter stizln-
tileri 1 balon iginde toplandi. Evaporatorda buhar-
lastirildi. Son kalintiya 4 ml %1’lik Tween 60 ilave edi-
lerek, %1’lik Tween 60 icinde ¢ozdirildu. Her si-
ziintliden, 18-21 g agirhgindaki ¢ adet test faresine
periton ici yolla birer ml enjekte edildi. Fareler, 24 saat
gdzlem altinda tutuldu. Olim gériilen 6rneklerde 0-80
nug/100 g miktarlarinda iKZ toksinlerinin bulundugu
tespit edildi.
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BULGULAR

FKZ toksini bulunup bulunmadiginin ortaya konul-
masi icin; Ege Denizi, izmir kiyilarindan Temmuz ayinda
toplanan 2 grup midye ve Mayis ayinda toplanan ikinci
grup istridye 6rneginden elde edilen sliziintilerin fare-
lere enjeksiyonu sonucunda her 1 gruptan birer fare
olima gorildi. Balikesir kiyilarindan, Mayis ayinda ikinci
defa toplanan midye ve Temmuz ayinda toplanan birinci
grup istiridye orneginden elde edilen slzintinin fare-
lere enjeksiyonu sonucunda birer fare olimi goéralda.
Canakkale kiyilarindan toplanan midye ve istiridye
orneklerinin analizinde hicbir fare 6lima gorilmedi.
Marmara Denizi, Balikesir kiyillarindan Temmuz ayinda
toplanan birinci grup midye ve istiridye 6rneklerinden
elde edilen slzuntdilerin farelere enjeksiyonu sonucunda
birer fare 6limi gorildi. Toplanan diger midye ve
istiridye orneklerinden elde edilen stzlintilerin farelere
enjeksiyonu sonucunda higbir fare 6limi gorilmedi
(Tablo 1).

iKZ toksini bulunup bulunmadiginin ortaya konulmasi
icin; midye ve istiridye 6rnekleri tizerinde yapilan analiz-
lerde farelere yapilan enjeksiyonlar sonucunda higbir
fare 6lim gorulmedi (Tablo 2).

TARTISMA ve SONUC

Kabuklu su Griini zehirlenmesi tim dinyanin bir
problemidir. Diinya genelinde proteinli besin maddesi
ihtiyacinin artmasi ile su Uriinlerine yonelimin hiz kazan-
mas! nedeniyle bu zehirlenmelere maruz kalma riski de
artmaktadir. Ciddi planlama, diizenli olarak kabuklu su

Tablo 1. Ege ve Marmara Denizi'nden toplanan midye ve istiridye 6rneklerindeki saksitoksin bulgulart (6len fare sayisi/stiziintii

uygulanan fare sayist)

Table 1. Paralytic shellfish toxin findings in mussel and oyster samples obtained from Aegian and Marmara Seas (died mouse

number/mouse number processed extraction)

. & Ege Denizi Marmara Denizi
Ornek Cesidi Oanek - - Toplam
o Izmir Balikesir  Canakkale Canakkale  Balikesir Istanbul
Mayis-1 0/3 0/3 0/3 03 0/3 0/3 0/18
) o Mayis-2 0/3 1/3 0/3 0/3 0/3 0/3 1/18
uo'ezlgar::{] S;‘azrint“ Temmuz-1 13 0/3 0/3 0/3 1/3 0/3 2/18
N Temmuz-2 13 0/3 0/3 0/3 0/3 0/3 1/18
y Kasim-1 0/3 0/3 0/3 03 0/3 0/3 0/18
Kasim-2 0/3 0/3 0/3 0/3 0/3 0/3 0/18
Mayis-1 0/3 0/3 0/3 03 0/3 03 0/18
) o Mayis-2 13 0/3 0/3 0/3 0/3 0/3 1/18
S'eﬁﬁéiﬁ S;‘azrint“ Temmuz-1 0/3 1/3 0/3 0/3 1/3 0/3 2/18
o an Temmuz-2 0/3 0/3 0/3 0/3 0/3 0/3 0/18
y Kasim-1 0/3 0/3 0/3 03 0/3 03 0/18
Kasim-2 0/3 0/3 0/3 0/3 0/3 0/3 0/18
Toplam 12 3/36 2/36 0/36 0/36 2/36 0/36 7/216
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Tablo 2. Ege ve Marmara Denizi'nden toplanan midye ve istiridye érneklerindeki IKZ toksin bulgulari (Olen fare/Siiziintii uygulanan

fare)

Table 2. Diarhetic shellfish toxin findings in mussel and oyster samples obtained from Aegian and Marmara Seas (Died mouse

number/Mouse number processed extraction)

. Ornek Ege Denizi Marmara Denizi

Ornek Cesidi e - - Toplam
ayst Izmir Balikesir  Canakkale Canakkale Balikesir Istanbul

Midye 6 0/18 0/18 0/18 0/18 0/18 0/18 0/108

Istiridye 6 0/18 0/18 0/18 0/18 0/18 0/18 0/108

Toplam 12 0/36 0/36 0/36 0/36 0/36 0/36 0/216

Urinlerinde toksin diizeylerinin izlenmesi ve yaygin halk
saglig programlari ile bu tir zehirlenmelerin 6niine
gegcilebilir *.

FKZ toksinlerinin tespitinde kullanilan ELISA, yiizey
plazmon rezonans biosensor deneyleri ve fare deneyleri
gibi testlerin kullanimi, son kullanicinin amaglarina yone-
lik olarak secilip kullanilmalidir ¥. Kromatografik metot-
lar her zaman toksisitenin givenilir indikatori degildir.
Fare deneyi AB direktiflerinde kabuklu su Grtnlerinin ana-
lizlerinde kullanilan gegerli metot olarak yer almistir .

iKZ toksinlerin identifikasyonu amaciyla 2002, 2006
ve 2007 yillarinda zehirlenme olgularinda toplanan
numunelerde fare deneyi, yiiksek performansh likid
kromatografisi ve protein fosfataz 2A inhibisyon testleri
kiyaslanmis ve uygulamalar sonrasi bu testler arasindaki
korelasyonlarin ¢ok yiksek oldugu saptanmistir **°,

Ham iKZ toksinleri Gizerinde 1978-1982 yillarinda
Osaka’da meydana gelen zehirlenmelerde rol oynayan
deniztaragindan asetonla ekstraksiyon yapilarak izole
edilen dinofisistoksin 1, dinofisistoksin 3, pektenetoksin
1 ve okadaik asit gibi toksinlerle siit emen fare ve tav-
sanlar lGzerinde ¢esitli calismalar yapilmis, ince bagirsak
incelemesinde epitelyum hasari ve lamina propriada
o6dem gorilmastar *.

Bu tip zehirlenmelerin daha ¢ok Mayis ve Eylil aylari
arasinda ve kirmizi renk degisikligi (red-tide) olayinin
meydana geldigi denizlerde goruldigi bildirilmekte-
dir #**% Shanghai’da yapilan bir ¢alismada kontamine
orneklerin hep Mayis, Haziran ve Temmuz aylarinda
oldugu tespit edilmistir **.

Ornekleme planinda kabuklularin zehirliligi ihmal
edilebilir bir diizeyden oldiirici bir diizeye bir haftadan
daha kisa siirede cikabilecegi géz 6niinde bulundurul-
malidir. Midyeler icin bu siire 24 saatten bile kisa olabilir.
Zehirlilik seviyesi hayvanin yasadigi cografik bolgeye, su
akintisina ve denizdeki renk degisikligi olaylarina gore
degisiklik gosterir .

Ege ve Marmara Denizi kiyillarinda, literatiir kayitla-
rinda belirtildigi gibi diinyanin gesitli bolgelerinde
meydana gelen kirmizi renk degisikligi olaylari pek
fazla gorilmemektedir. Sadece izmir Kérfezi’'nde
Protogonyaulax tamarensis’in sebep oldugu varsayilan
renk degisikligi az da olsa meydana gelmektedir *.

Tablo 1 ve 2'de goruldiugu sekilde FKZ toksini bulu-
nup bulunmadiginin ortaya konulmasi igin yapilan ¢alis-
malarda, Ege Denizi kiyillarindan toplanan midye ve isti-
ridye 6rneklerinin analizi sonucunda sadece Mayis ve
Temmuz aylarina ait 4 grupta (2 grup midye ve 2 grup
istiridye) birer fare 6lumi ve Marmara Denizi kiyilarin-
dan toplanan midye ve istiridye orneklerinin analizi
sonucunda sadece Temmuz ayina ait 2 grupta birer fare
6lumu gorilmus ve FKZ toksin varligl yoninden tim
sonuglar negatif olarak degerlendirilmistir. IKZ toksini
bulunup bulunmadiginin ortaya konulmasi icin ilkbahar,
yaz ve sonbahar mevsimlerinde toplanan 36 grup midye
ve 36 grup istiridye 6rneginden elde edilen sizintilerin
farelere enjeksiyonu sonucunda fare 6limui gorilmemis
ve tiim sonuglar iKZ toksin varligi yéniinden negatif
olarak degerlendirilmistir.

Sonuc¢ olarak Marmara ve Ege Denizi’'nden temin
edilen midye ve istiridye drneklerinin hig birinde Kz
toksin bulunmadigi, ayni bélgelerden alinan érneklerden
yapilan analizler sonucunda 6rneklerin bir kisminda FKZ
toksin bulunabilecegi, ancak bu dizeylerin insan saghgi
acisindan risk olusturacak diizeyde olmadigl sonucuna
varildi. FKZ toksin varhgi ydniinden, bolgesel olarak izmir
ve Balikesir kiyilari ile mevsimsel olarak da ilkbahar ve
yaz mevsimi dikkat cekmektedir.

Midye ve istiridyelerin degisik zaman dilimlerinde
farkli miktarlarda toksin icermeleri, bazilarinin sadece
gelisme donemlerinde toksin tasimalari ve bunu kisa
slire icerisinde viicutlarindan atmalari, bazilarinin ise
toksini uzun yillar biinyelerinde tasiyabilmeleri nede-
niyle ozellikle sahillerimizden temin edilen balik ve
kabuklu su Urtnleri tiiketimi asamasinda meydana gele-
bilecek zehirlenmelerin iyi takip ve kontroli icin, renk



degisikligi olayi gorilen sahillerin tespiti ve toplum
saghgl icin etkin izleme programlari kapsaminda bu
toksinlerin analizleri yapiimalidir.
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Summary

The aim of this work was to analyze Chamelea gallina harvested in the Sea of Southern Marmara in terms of heavy metal,
biotoxin, and microbiological contents. Samples were collected seasonally from five stations which were determined to be their
natural habitats in the between February 2008 and January 2009. Heavy metal contents of the samples revealed statistically
significant (P<0.05) differences between seasons and stations. In two stations, Pb and Zn content of the clams were
determined to exceed legal limits imposed by Turkish Fisheries Regulation and EC Shellfish Hygiene Directive (91/492/EEC).
Biotoxin was not detected in any sample analyzed and the counts of Escherichia coli and fecal coliform bacteria of the samples
were lower than the legal limits. Salmonella spp. was not detected in the sampling stations, whereas Vibrio parahaemolyticus
was isolated in two stations. In conclusion, clams harvested in the southern Marmara Sea, excluding Gelibolu and Karabiga
stations, were found suitable for human consumption.

Keywords: Chamelea gallina, Heavy metals, Biotoxin, Microbiological quality, Marmara Sea

Marmara Denizi’'nin Gliney Kiyilarindaki Chamelea gallina’larin
Kimyasal ve Mikrobiyolojik Kalitesi

Ozet

Bu calismada, giiney Marmara Denizi'nden toplanan Chamelea gallina'larin agir metal, biyotoksin ve mikrobiyolojik icerikleri
tespit edilmistir. Ornekler Subat 2008-Ocak 2009 tarihleri arasinda dogal yataklarin bulundugu toplam 5 istasyondan
mevsimsel olarak temin edilmistir. Orneklerin agir metal icerikleri, mevsimler ve istasyonlar arasinda istatistiksel olarak énemli
derecede farklilik géstermis olup (P<0.05), iki istasyonda, Pb ve Zn iceriklerinin Tirkiye Su Uriinleri Yénetmeligi ve AB Kabuklu
Hijyen Direktifi (91/492/EEC)’'ne gére, limit degerlerin Gzerinde oldugu belirlenmistir. Hi¢cbir érnekte biyotoksin tespit
edilmemistir. Mikrobiyolojik analiz sonuclarina gére, érneklerin Escherichia coli ve fekal koliform bakteri iceriklerinin yasal
sinirlarin altinda oldugu saptanmistir. Salmonella spp. érnekleme istasyonlarinda saptanamamis, Vibrio parahaemolyticus ise iki
istasyondan izole edilmistir. Sonug olarak, Marmara Denizi'nin glineyinden toplanan beyaz kum midyeleri, Gelibolu ve Karabiga
istasyonlari harig, tiim istasyonlarda insan tiiketimine uygun bulunmustur.

Anahtar soézciikler: Chamelea gallina, Agir metaller, Biyotoksin, Mikrobiyolgjik kalite, Marmara Denizi

INTRODUCTION

Chamelea gallina, also known as ‘striped venus’, is Marmara Sea ** and commercial use began in 1986 2. As
one of the most harvested and demanded species of the demand increased, Turkey became the leading
bivalves and spreads across the coasts of the Black and  producer country in 2007, producing 58.3% of the world’s
Mediterranean Seas . In Turkey, striped venus exists total production *. Turkey was followed by ltaly, Spain,
mostly in the coasts of the western Black Sea and the and France *.
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There are some risks affecting production quality of
bivalves. These risks are mostly caused by the natural
accumulation of heavy metal, biotoxin, and micro-
organisms in bivalves due to their filter-feeding system *%.

Heavy metals, biotoxins and microorganisms were
naturally present in waters *° and their amounts could
increase as a result of direct or indirect effects of human
activities °. Heavy metal concentration of water is
generally affected by the waste products of industry,
mining and shipping operations; however, micro-
organism concentration of water is affected by household
and industrial wastes. Biotoxins are generated by the
metabolic activities of single-celled algae ****. Although
these toxins are not harmful to bivalves, they could be
led to serious diseases such as Amnesic Shellfish Poisoning
(ASP), Azaspiracid Shellfish Poisoning (AZP), Diarrhetic
Shellfish Poisoning (DSP), Paralytic Shellfish Poisoning
(PSP), Neurotoxic Shellfish Poisoning (NSP) and even
death in human *****2, Presence of algae species that
produce biotoxins in Turkish seas was reported *;
however, no biotoxin event except for DSP was reported
from the Marmara Sea *.

Mentioned risk factors must be lower than the
national and international legal limits for the production
and consumption of clams *.

In this study, seasonal samplings were made in
Marmara Sea, one of the most important habitats for
striped venus, to analyze heavy metal, biotoxin and
microbiological contents of striped venus, and their
suitability for human consumption was evaluated.

MATERIAL and METHODS

Sample Collection

Striped venus samples were collected from pre-
determined stations on the Northern coast of the Sea of
Marmara and were located, from east to west direction,
in Karabiga, Kemer, Sevketiye (Anatolian side), Bolayiralti
and Gelibolu (European side), respectively (Fig. 1).
Samples were collected using dredge from 5 to 10 m of
the littoral zones in the above mentioned stations
between February 2008 and January 2009. For each
sampling, 5 kg of samples were collected from the
stations and carried at +4°C in a cool box to the laboratory.

Heavy Metal Analysis

For heavy metal analysis, seasonally collected
samples were stored in polyethylene bags at -18°C in
laboratory. To represent each station, 10 units were
randomly taken from samples. Selected samples were
separated from their shells and dried at 105°C. Dried
samples were ground and 0.5 g portions were put into
Teflon tubes; then, they were turned into soluble forms
in microwave (CEM Mars X-press) with 10 ml
concentrated nitric acid (65% w/v) (Merck, Germany)
addition. After the application of organic digestion
process, samples were filtered and diluted with deionized
water (Millipore, USA) *. Before heavy metal analysis,
nonstandard dilutions were prepared, and ICP-AES
device was calibrated. Blind sample was prepared and
measured for every 5 sample to determine the effects of

Fig 1. Sampling stations in the
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used reagents. Heavy metal (Cd, Cu, Pb, Zn, Fe, and Cr)
analysis was applied using Varian Liberty AX Sequential
ICP-AES v. Results of the all analysis were first compared
to the standard results obtained with metal salts and
then measured as mg kg™ of wet matter.

Biotoxin Analysis

Shells of the samples used for biotoxin analysis were
properly cleaned. Hepatopancreases of the clams were
removed aseptically after shucking the clams. Diarrhetic
shellfish poison (DSP) analysis was performed using
mouse assay (Mus musculus var. albinus) as described by
Yasumoto *®. For this purpose, hepatopancreases were
first homogenized (Ultra-Turrax; IKA Yellow line, Germany)
in acetone (Merck, Germany) followed by intraperitoneal
(IP) injection of the homogenized 1 ml into three mice
weighing 16-20 g each. Mice were observed for 24 h,
and symptoms were recorded. The amount of the toxin
which killed a mouse in 24 h after injection was defined as
one mouse unit (MU g*digestive gland) *. In the paralytic
shellfish poison (PSP) analysis, clam tissue homogenized
in Ultra-Turrax (IKA Yellow line, Germany) was made acidic
with 0.1 N HCI (Merck, Germany) addition, centrifuged
by boiling and cooling, and then 1 ml injected to three lab
mice, supernatant weighs of which were recorded. After
the injection, mice were observed for 1 h to record their
death time, and toxin amounts were calculated with
Sommer's table %. In the amnesic shellfish poison (ASP)
analysis, prepared extract was filtered in a membrane filter
(Millex-HV, Millipore, U.S.A) of 0.45 um *, and the amount,
calibration curve of which was drawn with standard
domoic acid solution (DACS-1B Reference Standard, NRC,
Halifax, Canada), was determined using HPLC (Shimadzu
Corporation, Kyoto, Japan) with UV detector %.

Microbiological Analysis

Shells of the samples taken for microbiological analysis
were washed, scraped free of dirt, shucked with a sterile
knife and then tissue and shell fluids of the samples
were weighed in the predetermined amounts ** and
homogenized by mixing them in bag mixer (Stomacher
400, A.J. Seward-London) for 2 min. Homogenized
samples were diluted to 10° for the analysis of total
mesophilic bacteria.

The counts of the total aerobic mesophilic bacteria
was performed using Plate Count Agar and incubating
plates at 35°C for 48 h %. Total coliform, fecal coliform,
E. coli counts were made according to the three tube most
probable number method (MPN) using Lauryl Sulphate
Tryptose broth (35°C, 24 h), Brilliant Green Bile broth
(35°C, 48 h), EC broth (44.5°C, 24 h), respectively. The
counts of Salmonella spp. analysis was carried out on 25
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g of blended clams which were added to 225 ml and
incubated for 24 h at 35°C. After incubation second step
of enrichment were performed using RVS and TT broth
and incubated for 24 h at 42°C and 24°C, respectively. A
loopful of both medium was streaked onto Xylose Lysine
Deoxycholate Agar and incubated for 24 h at 35°C %. The
count of Vibrio parahaemolyticus was made according to
Colakoglu et al.** using Thiosulfate Citrate Bile Salts
Sucrose Agar and incubating plates at 37°C for 24 h.

Statistical Analysis

The descriptive statistics (mean, standard error (SE)
and range) of the findings of the chemical composition
and heavy metal content and microbiological analysis
and also the one-way variance analysis (ANOVA) of the
interactions between seasons and stations were
calculated using Microsoft Office Excel 2007 software
(Seattle, USA). Significance was established at P<0.05 .

RESULTS

Heavy Metals

The clams meat was analyzed for the determination
of 6 metals, ie. Cd, Cu, Pb, Zn, Fe, Cr as summarized in
Table 1. The mean concentrations (mg kg* wet weight)
of trace minerals in tissues of C. gallina were the
following: Cd, 0.04-0.69; Cu, 0.71-5.30; Pb, 0.18-3.24;
Zn, 13.08-77.76; Fe, 2.46-89.73; Cr, 0.08-1.25. According
to the results of the statistical analysis, heavy metal
contents showed significant variation between seasons
and stations (P<0.05).

Biotoxins

In present study PSP, DSP, and ASP toxins were not
detected in the samples seasonally collected from the
research stations.

Microbiological Analysis

The striped venus meat was also analyzed for the
determination of total coliform, fecal coliform, E. coli,
Salmonella spp, and V. parahaemolyticus. The highest
value (P<0.05) of total aerobic organisms was found as
2.0x10* CFU/g in summer, and the lowest (P<0.05) was
found as 2.1x10? CFU/g in winter. Total amount of
coliforms and fecal coliforms was found to reach its
maximum level (P<0.05) in summer and autumn (Fig. 2).
Fecal coliform content was lower than coliform content,
and the total coliform amount in these seasons was
found to be dense (1100 MPN/100 g) in Sevketiye and
Kemer stations. Maximum E. coli level (107 MPN/100 g)
was determined in summer, and minimum E. coli level (2
MPN/100 g) was determined in winter (Fig. 2).


http:0.08-1.25
http:2.46-89.73
http:13.08-77.76
http:0.18-3.24
http:0.71-5.30
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Table 1. Seasonal variation of heavy metals concentration (mg kg™) in different stations in striped venus

Tablo 1. Beyaz kum midyesinin farklt istasyonlarda agir metal konsantrasyonlarinin (mg kg*) mevsimsel dagilimt

Seasons
Metals Stations
April’'08 July’'08 October’'08 January’'09
Gelibolu 0.07 0.15 < 0.08 A8 0.24®
Bolayiralti 0.31°® 0.04 ° 0.05 ® 0.52 *=
Cd Sevketiye 0.61 * 0.24 = 0.10 0.18 Bete
Kemer 0.16 ° 0.05 P 0.07 Aebe 0.08 ®
Karabiga 0.22 < 0.69 # 0.08 A&d 0.14 <=
Gelibolu 2.24 " 2.58 B 1.80 « 2.07 «
Bolayiralti 221" 4.27 % 0.71° 211¢
Cu Sevketiye 1.23° 239¢@ 2.03 % 2.00 ®
Kemer 1.82 ¢« 218" 2.00 ® 2.21°
Karabiga 2.02 & 1.98 & 4.87 5.30 %
Gelibolu 3.01% 2.51 ~ 2297 3.24 %
Bolayiralti 0.78 & 0.90 < 0.18 * 140«
Pb Sevketiye 0.42 ® 0.27 ™ 1.09°® 140«
Kemer 0.84 & 0.91 « 121« 136«
Karabiga 0.69 « 1.10 * 1.71°¢® 2.35¢%
Gelibolu 18.88 ®* 18.65°4 19.73 < 23.54¢®
Bolayiralti 17.68 = 25.76 13.08 16.33 &
Zn Sevketiye 27.39 " 26.10 < 21.45 ® 17.37
Kemer 2235 14.61 19.12 ® 36.91 *
Karabiga 77.76 % 44.02 * 22.48 4 17.94 <«
Gelibolu 246 470 * 89.73 4 27.85 ™
Bolayiralti 18.81 ®« 114.22 % 17.89 © 2073 «
Fe Sevketiye 17.00 « 3282 51.56 ® 17.46 &
Kemer 16.52 ° 46.06 & 26.65 > 17.64 ®
Karabiga 21.39 M 23.47 * 3949 « 28.36 %
Gelibolu 032 0.19 ® 0.76 * =
Bolayiralti =% 0.40 ® 0.21° 0.20 ¢
Cr Sevketiye 0.27 © 0.53 0.47 = 1.25 %
Kemer 0.46 " 0.23 ™ 0.34 <« 1.13°
Karabiga 0.37 ® 0.35¢< 0.08 = 0.21<

* : not detected

Means with different superscript capital letters in the same row and lowercase letters in the same column for each metals indicate

significant differences (P<0.05)

It was observed that there was no statistically
significant difference (P>0.05) of E. coli between seasons
in Sevketiye station. Seasonal changes of the amount of
total aerobic, total coliform and fecal coliform organisms
were significant difference (P<0.05).

Salmonella spp. was not detected and V.
parahaemolyticus was isolated two times in summer
(Sevketiye) and autumn (Karabiga).

DISCUSSION

Metal density, natural components of sea, might be
increased as a consequence of human activities, and
they could be remained in dangerous concentrations in
the ecosystem for a long time ?*°. Heavy metals,
though in low concentrations, are accumulated in the
meat of bivalve, therefore, consumption of bivalve meat
containing excessive concentrations of these metals
could be endangered human health *. Lead amounts in
the meat of bivalve collected from Gelibolu station were

found as 1.5 mg kg*, which was higher than the legal
limits imposed by both Turkish Fisheries Regulation and
European Commission for all seasons (P<0.05). In
addition, lead content *** was observed to be higher
than the legal limits in Karabiga station in autumn (1.71
mg kg*) and winter (2.35 mg kg*) (P<0.05). Also, high
level (77.76 mg kg*) of zinc content (Table 1) was detected
in spring samples of Karabiga Station (P<0.05), which
was higher than the alert levels of Turkey and NNSP
(National Shellfish Sanitation Program) **,

Heavy metal contents (Cd, Cu, Pb, Zn, Fe, and Cr) of
the samples collected from other stations was determined
to be lower than the national and international limit
values **., In the studies made on heavy metal contents
of striped venus in Marmara Sea, findings have been
reported similarly to be lower than the limit values so
far 3, It is thought that the high levels of lead and
zinc determined in this study could be related to the
contaminated streams that converge to Black Sea, which
is known to be polluted by many rivers; River of Danube
being the most polluted among all .
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In bacteriological examinations of bivalves, total
amount of aerobic bacteria was detected around 10%-10*
CFU/g in all stations (P<0.05) (Fig. 2). Intensive amounts
of coliform bacteria (1100 MPN/100 g) were found in
Sevketiye and Kemer stations (P<0.05). Fecal and E. coli
levels were found to be lower than the limit values (300
MPN/100 g for fecal coliform and 230 MPN/100 g for E.
coli) imposed by the Turkish Fisheries Regulations and
EC Shellfish Hygiene Directive (91/492/EEC) ***** (Fig. 2).
These bacteria reached their maximum levels in summer
months (P<0.05). Salmonella spp. was not detected in
any sample; however, V. parahaemolyticus was detected
two times in Sevketiye and Karabiga stations. The
members of Vibrio were frequently defined as
opportunistic and potential pathogenic bacteria of the
water bodies especially in warm climate zones **¥.
Nevertheless from the public health perspective, the
occurrences of these bacteria have caused concerns for
authorities. However, the presences of some Vibrio
species were also reported off Dardanelles coast in
Turkey ** and some European countries coasts’ **%.
Bacteria levels of clams in northern Marmara Sea were
found to increase in summer, and Salmonella spp. was
detected four times between May and August “. Bacteria
levels of the clams increase in summer because of the
increase in human recreational activities, as well as the
increase in industrial and household wastes in these
months. In addition, it was reported that increasing
temperature of sea water, wind effects, nutrient increase

and currents could also be effective in the increase of
bacteria amounts ***.

In conclusion, many of the parameters studied in this
work seasonally and locally fluctuated. In particular, the
microbiological; Vibrio parahaemolyticus and metal
content; Pb and Zn did not meet the legal requirements
imposed Turkish Fisheries Regulation and European
Commission standards for its quality trademark. This could
be related to the contaminated streams that converge to
Black Sea, which is known to be polluted by many rivers;
River of Danube being the most polluted among all. Due
to these risks of the striped venus in Marmara Sea,
continuously monitoring should be conducted.
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Summary

In this study; the levels of aflatoxin M1 (AFMi1) in 80 butter samples were determined. They were obtained from
supermarkets in city center of Erzurum. The presence and concentration range of AFMi in the samples were investigated by
competitive enzyme-linked immunoabsorbent assay (ELISA) method. AFMi was found in 66 (82.5%) samples at levels ranging
from 10 to 121 ng/kg with mean concentration of 30.4+23.9 ng/kg. The levels of AFM1 in 13 (16.3%) samples were higher
than the maximum legal limit accepted by Codex Alimentarious Commission (CAC). None of the contaminated butter sample
exceeded the legal limit regulated by Turkish Food Codex (TFC) for AFM1. The results indicated that contamination of the
butter samples with AFM1 in high level could be a potential hazard for public health.

Keywords: Aflatoxin M1, Butter, ELISA

Erzurum’da Tiiketime Sunulan Tereyaglarinda Aflatoxin M:
Duzeyinin Belirlenmesi

Ozet

Bu calismada 80 tereyag érnegdinde Aflatoksin M1 (AFM1) seviyesi belirlendi. Ornekler Erzurum sehir merkezindeki
marketlerden temin edildi. Orneklerin AFM1 icerigi ve konsantrasyonu kompetitiv ELISA metoduyla arastirildi. AFM1 seviyesi 66
ornekte 10 ile 121 ng/kg arasinda degismekte olup ortalama 30.4+23.9 ng/kg olarak bulundu. 13 numunede (16.3%)
belirlenen AFM1 dizeyinin Kodeks Alimentarius Komisyonu (CAC) tarafindan diizenlenen yasal limitleri astigi belirlendi.
Kontamine tereyagi érneklerinin hi¢ birinde Turk Gida kodeksi limitlerini asan numuneye rastlanmadi. Bu sonuclar,
tereyagindaki yuksek AFM1 duizeyinin halk sagligi acisindan risk olusturabilecegini géstermektedir.

Anahtar sozciikler: Aflatoksin M1, Tereyag, ELISA

INTRODUCTION

Aflatoxin is a family of highly toxic and carcinogenic
fungal metabolites produced by Aspergillus flavus and
Aspergillus parasiticus and the rare A. nomius fungi **.
A. flavus produces only B aflatoxins, while the other two
species produce both B and G aflatoxins. Aflatoxin M1
(AFMa1) is the principal hydroxylated aflatoxin metabolite

in the milk of dairy cows fed contaminated feed with
aflatoxin B1 (AFB1). These toxins show a serious risk for
animal and human health, particularly for children, who
are the major milk consumers. It has been reported
several effects of aflatoxins on health such as hepato-
toxic, genotoxic, carcinogenic, teratogenic, immuno-
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suppressive and antinutritional *.

AFMz1 is mainly soluble in the aqueous phase of milk
or adsorbed to casein particles; information of several
studies show that a small ratio of AFM1 in milk is carried-
over to cream, and yet a smaller proportion to butter.
The remainder of AFM1 in milk, however, remains in
skim milk and buttermilk *.

To protect consumers, several countries have
established legislation to regulate the levels of myco-
toxins **. Several factors may influence the establishment
of mycotoxin limits and regulations. These include
scientific factors such as the availability of toxicological
data and survey data, knowledge about the distribution
of mycotoxin in commodities,and analytical methodology.
Economical and political factors such as commercial
interests and sufficiency of food supply have their
impact as well . The Codex Alimentarious Commission
(CAC) 7 has set a limit of 50 ng/kg for AFM1 in milk
products while the Turkish Food Codex ® prescribed the
maximum level for AFM1 in milk products 10-fold higher
(500 ng/l) than the current level in the CAC.

Dairy products have been produced and consumed
widely in Turkey. Owing to the common presence and
harmful effects of aflatoxin contamination, there is a
need for detection and measurement of AFM1 in dairy
products. Ascribed to scientific literature, very few
studies **** have been published on the presence and
level of AFM1 in milk and dairy products in Turkey. The
present study has been designed to investigate the
presence of AFM1 in butter and to compare the results
with the maximum AFM1 tolerance limits which are
accepted by the CAC and TFC.

MATERIAL and METHODS

Samples

A total of 80 butter samples were obtained randomly
from supermarkets between September 2007 and
September 2009 in Erzurum city. The samples were
transported to the laboratory in an insulated container
at about 4°C and analyzed upon arrival.

Analysis of AFM: by ELISA

The quantitative analysis of AFM1 in the butter
samples was performed by competitive enzyme
immunoassay using RIDASCREEN Aflatoxin M1 30/15
(Art. No: R1111, R-Biopharm, Darmstadt, Germany) *
test kit. Immunoaffinity column (Rida Aflatoxin Column
Art. No: R5001/5002) * were used to run ELISA analyses.

Aflatoxin Column

Sample preparation procedures were performed
according to the instructions of the test kit (Rida Aflatoxin
Column Art. No: R5001/5002) ** manual. 25 ml of
methanol (70%) was added to 5 g of butter. Afterwards,
the solution was extracted by mixing gently for 10 min
at room temperature. The extract was filtered through a
paper filter and 15 ml of distilled water were added to 5
ml of filtered solution. 0.25 ml Tween 20 were added
and stirred for 2 min, followed by entire amount of the
sample solution (20 ml) passing over the column. Clean
up procedure was performed according to the kit’s
manual. Eluate containing toxin was diluted 1:9 with
the sample dilution buffer (supplied with the test kit)
and used 100 pl per well in the assay.

Test Procedure of AFM:

One-hundred microliter of standard solutions and
prepared samples were added into separate microtitre
wells and incubated for 60 min at room temperature
(22-25°C) in the dark. The liquid was then poured out
and the wells were washed with washing buffer (250 pl)
twice. In the next stage, 100 pl of the diluted enzyme
conjugate was added to the wells, mixed gently by
shaking the plate manually and incubated for 15 min at
room temperature in the dark. Again, the wells were
washed twice with washing buffer. Afterwards, 100 pl of
substrate/chromogen was added, mixed gently and
incubated in the dark at room temperature for 15 min.
Finally, 100 ul of the stop reagent (1 N H2504) was added
into the wells and the absorbance was measured at
k=450 nm in ELISA plate reader (ELx800, Bio-Tek
Instruments, USA) within 10 min.

Evaluation

The samples were evaluated according to the
RIDAVIN computer program prepared by R-Biopharm.
According to the instructions for use of the RIDASCREEN
kit; the lower detection limit was 5 ng/kg.

RESULTS

In this study, a total of 80 butter samples were
analysed for AFM1 with the competitive ELISA. The
presence and the distribution of AFM1 concentration in
various ranges in butter samples are presented in Table
1. As shown in Table 1, AFM1 was detected in 66 of 80 of
the butter samples above the detectable level of 5
ng/kg. In total 16.3% of AFM1i-contaminated samples
exceeded the CAC regulation (50 ng/kg). However, none
of the contaminated butter sample exceeded the limit
(500 ng/kg) reported by TFC for AFM1. Quantity



(concentration) of AFM1 in butter samples ranged from
10 to 121 ng/kg while the mean value was 30.4 ng/kg
(Table 1).

Table 1. Presence and distribution of AFM1 in butter samples
Tablo 1. Tereyag 6rneklerinin AFM1 icerigi ve dagilimt
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differences in the methods of analysis *°. Moreover,
differences in the hygiene and storage conditions at the
dairies and sales department are other factors on the

Proportion of Proportion of

Proportion . Quantity of AFM1
c Samples e Distribution of Samples * n (%) Samples Samples
g::: T:s Tested o;:r::ﬂlt:;e Exceeding the Exceeding the (ng/kg)
P (n) - (!,2) CAC Legal Limit TFC
<5* 5-25 26-50 51-100 >100 >50ng/kg  >500ng/kg  xisx  Min. Max.
Butter 80 (825)  (17.5) (28.8) (37.5) (150 (1.3) (16.3) ND 3044239 10 121

* distribution of negative samples, a: ng/kg, CAC: Codex Alimentarious Commission, TFC: Turkish Food Codex, ( ): indicates percent,

ND: Not Detected, x+Sx: mean+standart deviation

* negatif 6rneklerin dagiimi, a: ng/kg, CAC: Kodeks Alimentarius Komisyonu, TFC: Tiirk Gida Kodeksi, ( ): yiizde ifadesi, ND: Saptanmad.,
x*S8x: ortalamazstandat sapma

Table 2. Aflatoxin M1 contents of butter reported in previous studies
Tablo 2. Onceki calismalarda tereyadinda bildirilen AFMa icerikleri

No. of Samples

Sample Country

Range of Samples

2 G References

Positive Positive (ng/kg) Limit *
Turkey 92/92 (100) 10-7000 26/92 (28.3) Tekinsen and Ucar **
Butter Turkey 5/5 (100) 13.5-16.6 0/5 (0) Bakirci *
Turkey 52/61(81) ND 10/61 (16.4) Aycicek et al. *
Turkey 25/27 (92.6) 1-100 10/27 (3.7) Aycicek et al.*®

* CAC limits in butter is 50 ng/kg, ND: Not Detected, (): indicates percent
* Kodeks Alimentarius Komisyonu tereyagi limiti 50 ng/kg, ND: Saptanmadi, (): ytizde ifadesi

DISCUSSION

Dairy products play a significant role in human diet
since they are rich sources of bioavailable calcium and
proteins. However, many of the previous studies indicate
the presence of AFM1 at high concentrations in dairy
products ***,

A few studies in Turkey have addressed the issue of
AFM1 contamination of butter. AFM1 levels determined
in the butter consumed in Turkey by previous reports
are indicated in Table 2.

As shown in Table 1, AFM1 was detected in 82.5% of
the butter samples. These results are in parallel with the
findings of Aycicek et al.***. In present study the
contamination level of AFMi(as incidence) in butter
samples was found to be low as compared to the results
of earlier studies in the same area **. In a study by
Tekinsen and Ucar *, the number of AFM1 positive
butter samples as well as the maximum AFMz level is
higher than the values reported in our study. These
differences might be due to the differences in the AFM1
levels in the milk from which the butter is produced *
and in the processing method of milk or due to the

variations of the results ***?, |n addition, the AFM1 level
in the milk was signigicantly affected by the geographical
region and the country . The lower incidence of AFM1
found in butter samples may due to the number of
samples analysed than other researches done in Turkey.

In this study, AFM1 concentration in contaminated
butter samples exceeding CAC legal limit was lower than
the results reported by Tekinsen and Ucar ** and were
higher than the results reported by Bakirci  and Aycicek
et al.*®. Similarly, results reported by Aycicek et al.*
indicated that 10/61 (16.4%) samples had levels higher
than CAC regulation.

The TFC has updated the maximum allowable AFM1
limit as 500 ng/kg for the foodstuff that has a potential
to contain aflatoxin. This limit have been 50 ng/kg in the
previous years. In the previous studies, the number of
samples exceeding the Turkish legal limits has been high
owing to that reason. The fact that no samples exceeding
the legal limits regulated by the TFC encountered in our
study is partially due to that reason. The recent limits
put forward by the latest regulations are thought to be
considerably high (10 times higher than that of the CAC
limits) and a re-consideration of this arrangement is
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thought to be required.

Shortly, the results of this study show that there is a
risk from butter produced from milk obtained from
animals fed with contaminated animals feed with
aflatoxins, since all the age groups including infants and
children consume milk and dairy products daily. The
AFM1 level of butter samples is closely related to the
aflatoxins concentration in milk used for butter
production and other related factors. Therefore the
prevention of aflatoxin formation in feeds is very
important. Avoiding contamination appears to be the
only practical way to ensure the safety of milk and milk
products for human consumption. For this reason, it is
considered that food substances should be produced
from healthy raw material and kept in convenient
conditions to prevent aflatoxin formation.
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Summary

Enterobacter sakazakii has been caused foodborne illnesses through consumption of a variety of foods such as milk
powder, cheese, sausage, particularly infant foods. In this study, the presence of E. sakazakii were investigated in 60 milk
powder, 50 whey powder and 50 white cheese. ISO/TS 22964 (IDF/RM 210) method was used for detection E. sakazakii. E.
sakazakii was identified from milk powder 5% (3/60), white cheese 4% (2/50). E. sakazakii was not detected in whey powder.
According to Commission Regulation (EC) and Turkish Food Codex Microbiological Criteria Communique E. sakazakii must not
present in infant formulae, formulae for special medical purposes and follow-on formulae. Also in many countries, E. sakazakii
infections associated with most of the milk-based products that have been reported. In conclusion, the results indicate that
milk powder and white cheese produced some dairy plants in Konya presents a risk in terms of human health and the
necessary precaution will have to be taken to carry out effective sanitary practices in the plants.

Keywords: E. sakazakii, Milk powder, Whey powder, White cheese

Konya'da Uretilen Siit Tozu, Peynir Alt1 Suyu Tozu ve Beyaz Peynirde
Enterobacter sakazakii Varliginin Arastiriimasi

Ozet

Enterobacter sakazakii sut tozu, peynir, sucuk ve 6zellikle bebek mamalari gibi gesitli gidalarin tiketilmesiyle gida kaynakl
hastaliklara neden olmaktadir. Bu calismada 60 sut tozu, 50 peynir alti suyu tozu ve 50 beyaz peynir E. sakazakii varligi
yoninden arastirildl. E. sakazakiinin tespiti icin ISO/TS 22964 (IDF/RM 210) metodu kullanildi. Sit tozu 6rneklerinin %5
(3/60)’inde ve beyaz peynir érneklerinin %4 (2/50)'inde E. sakazakii identifiye edildi. Peynir alti suyu tozu érneklerinde ise E.
sakazakii tespit edilemedi. Commission Regulation (EC) ve Tirk Gida Kodeksi Mikrobiyolojik Kriterler Tebligi'ne gére bebek
mamalari, 6zel tibbi amach formuller ve devam mamalarinda E. sakazakii bulunmamasi gerektigi belirtiimekte, pek cok ulkede
E. sakazakii enfeksiyonlarinin cogunlukla sut bazh trunler ile iligkili oldugu rapor edilmektedir. Sonug olarak, bulgular Konya'da
bazi isletmelerde Uretilen stt tozu ve beyaz peynirin insan sagligi agisindan risk olusturdugunu ve isletmelerde etkili sanitasyon
uygulamalarinin gerceklestirilebilmesi icin ilgili tedbirlerin alinmasi gerekKliligini ortaya koymaktadir.

Anahtar soézcikler: E. sakazakii, Stt tozu, Peynir alti suyu tozu, Beyaz peynir

INTRODUCTION

The ubiquitous microorganism Enterobacter sakazakii,
a gram-negative, non-spore-forming, rod-shaped,
oxidase, lactose and sorbitol negative, facultative
anaerobe, motile by peritrichous flagella bacterium, is a
member family **. This organism was known as ‘yellow

pigmented Enterobacter cloacae’ until 1980, afterward it
was designated as E. sakazakii due to differention of
biochemical characteristic from E. cloacae *. E. sakazakii
is an opportunistic pathogen in new-born. E. sakazakii
infections are important cause of life-threatening cases of
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meningitis (58%), sepsis (17%), and necrotizing
enterocolitis (29%) in premature and full-term infants.
Mortality rates of 40-80% have been described and
survivors often suffer from neurological sequelae *°.

Food and food ingredients may be contaminated with
E. sakazakii under unsuitable conditions of hygiene and
contaminated equipment ’. Powdered milk formula is
important source of E. sakazakii infections %%, This
bacterium is resistance to drying and acid pH, heat,
biofilm formation and persistence on food preparation
surfaces. Due to new-born infections E. sakazakii is
noticed as associated with infant formula and milk
powder *°. Infant formula is produced from ingredients
that may include milk, milk derivatives, soy protein
isolates, carbohydrates, fats, minerals, vitamins and
some food additives *°. Formula preparation equipment
contaminated by E. sakazakii has been demonstrated
to have caused two outbreaks ***?, but the original
source of E. sakazakii was not determined in either
case. Environmental swabbing of formula preparation
areas in the course of outbreak investigations has not
demonstrated E. sakazakii in the general environment.
E. sakazakii has been identified in the environments
of milk powder production facilities and other food
production facilities, as well as in households ®. Not all
infants with E. sakazakii infection have been exposed to
powdered infant formula, and E. sakazakii infections can
also occur in adults ®. Thus, although an environmental
source of E. sakazakii infection other than infant formula
has not been strictly identified, other sources undoubtedly
exist *°.

E. sakazakii has been isolated from a range of foods
including cheese, fermented bread, tofu, sour tea, cured
meats, minced beef and sausage meat *. According to
Commission Regulation (EC) *and Turkish Food Codex *,
Microbiological Criteria Communique E. sakazakii must
not present (0/10 g and 0/25 g, respectively) in infant
formulae, formulae for special medical purposes and
follow-on formulae. The objective of this study was to
investigate the presence of E. sakazakii in milk powder,
whey powder and white cheese produced in Konya.

MATERIAL and METHODS

Samples

In this study, total of 160 samples from three different
milk products (60 milk powder, 50 whey powder and 50
white cheese) were used. The samples were obtained
different retail market and dairy products factory in Konya
and transported to the laboratory in insulated cooler
boxes immediately. Samples were stored at 4°C until

analyses. The presence of E. sakazakii were examined in
milk powder, whey powder and white cheese.

Detection of E. sakazakii

ISO/TS 22964 (IDF/RM 210) ** method was used for
detection E. sakazakii. To prepare the pre-enrichment
dilution, 25 g sample was added to 225 ml Buffered
Peptone Water (BPW). Pre-enrichment dilution was
incubated at 37+1°C for 18+2 h. After incubation of the
inoculated pre-enrichment medium, 0.1 ml of the
obtained culture was transferred into 10 ml Modified
Lauryl Sulphate Broth (mLST) (Oxoid CM 1133)/
Vancomycin (Oxoid DR 595) medium. This medium
was incubated at 44+0.5°C for 2442 h. After incubation
of the inoculated mLST-Vancomycin medium, a
loopful (ca. 10 n) was streaked onto the surface of the
ChromoCult® Enterobacter sakazakii Agar (Merck
1.0087). The plate was incubated 44+1°C for 24+2 h.
Five typical turquoise colonies was streaked on Tryptone
Soya Agar (TSA) (Oxoid CM 131) and TSA plates was
incubated at 25+1°C for 48+4 h *. After incubation, one
yellow colony which selected from each TSA plate was
confirmed with API 20 E kit ¥ and VITEC 2 compact GN
card according to the manufacturer's instructions **
(Fig. 1).

Sample preparation/pre-enrichment:
Weigh x g of the test portion in 9 times x ml BPW

Incubation at 37°C for 1842 h

Selective enrichment in mLST/vancomycin medium:
Transfer 0.1 ml from the cultured BPW into 10 ml
mLST/vancomycin medium

Incubation at 4440.5°C for 2442 h

Isolation on selective chromogenic agar:
Streak from the cultured mLST/vancomycin medium one loopful
On the ChromoCult® Enterobacter sakazakii Agar in petri dishes

Typical turquoise colonies on the chromogenic agar can be
considered as presumptive E. sakazakii

I
Incubation at 44+1°C for 24+2 h

Confirmation: Production of yellow pigment
Select five typical colonies and streak on TSA plates

Incubation at 25+£1°C for 4844 h
4
Confirmation:

Select one yellow colony from each TSA plate
Biochemical characterization with APT 20 E kit and
VITEC 2 compact GN card
4

| Interpretation of results

Fig 1. Identification method flow scheme of E. sakazakii
Sekil 1. E. sakazakii'nin identifikasyon metodu akis semasi



RESULTS

In this study, three different milk products total 160
samples (60 milk powder, 50 whey powder and 50 white
cheese) were tested. E. sakazakii was isolated from 3/60
(5%) milk powder, 2/50 (4%) white cheese. But none of
the samples contained E. sakazakii in whey powder. The
summarized results of presence of E. sakazakii in milk
powder, whey powder and white cheese are shown in
Table 1.

Table 1. The results of presence of E. sakazakii in milk powder,
whey powder and white cheese

Tablo 1. Siit tozu, peynir altt suyu tozu ve beyaz peynirde
E. sakazakii analiz bulgular

Samole No. of No. of Positive
P Sample Sample
Milk Powder 60 3 (5%)
Whey Powder 50 ND
White Cheese 50 2 (4%)

Figures in parentheses are the percent of samples
ND: Not detected

Table 2. Presence of E. sakazakii in some food products and plants

Tablo 2. Bazi guda iriinlerinde ve isletmelerinde E. sakazakii varligt
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been the most common vehicles implicated in neonatal
E. sakazakii infections and also in many countries, E.
sakazakii infections associated with most of the milk-
based products that have been reported . Presence of
E. sakazakii in some food products and plants are shown
Table 2.

At the present study, presence of E. sakazakii was
determined in milk powder, whey powder and white
cheese which are produced in Konya city of Turkey. As
depicted in Table 1. E. sakazakii was detected in 5% of
the milk powder samples and in 4% of the white cheese
samples, respectively. But E. sakazakii was not detected
in whey powder samples.

These results are in parallel with the findings of some
previous reports *?*?? which pointed out the presence of
E. sakazakii in 4% of the milk powder, 3% cheese
products and 2-6% milk-based products (infant formula
powder, infant milk formula) samples (Table 2). The
present findings suggest that the milk which is processed
into dairy products may be contaminated with E.
sakazakii. The presence of E. sakazakii in these products

No. of

No. of Positive

Sample Sample Sample Country References

Infant formula powder 40 1(3) Netherland Heuvelink et al.**
Infant milk formula 82 2(2) United Kingdom Iversen and Forsythe 2
Infant milk formula 8 2 (25) Jordan Shaker et al.?

Infant milk formula 50 7 (14) South Africa Cawthorn et al.
Infant milk formula 35 2 (6) Egypt El-Sharoud et al.?
Dried infant foods 49 5(10) United Kingdom Iversen and Forsythe 2
Infant food formula 15 2 (13) Jordan Shaker et al.?

Milk powder 170 7 4) Netherland Heuvelink et al.*

Milk powder 72 34) United Kingdom Iversen and Forsythe 2
Full-fat milk powder 10 - Jordan Shaker et al.?

Full-fat milk powder 15 - Egypt El-Sharoud et al.?
Skimmed milk powder 37 5(14) Egypt El-Sharoud et al.?
Stored Domiatti cheese 10 - Egypt El-Sharoud et al.?
Fresh Domiatti cheese 10 4 (40) Egypt El-Sharoud et al.?

Ras cheese 10 - Egypt El-Sharoud et al.
Kariesh cheese 10 - Egypt El-Sharoud et al.?
Cheese products 62 2(3) United Kingdom Iversen and Forsythe 2
Milk powder factory 23 209 Switzerland Kandhai et al.**

Milk powder factory 26 9 (35) Switzerland Kandhai et al.**

Milk powder factory 11 19 Switzerland Kandhai et al.**

Milk powder factory 8 2 (25) Switzerland Kandhai et al.**
Environmental, Milk factory 14 6 (43) South Africa Cawthorn et al.
Environmental, Milk factory 1 1 (100) Egypt El-Sharoud et al.?

Figures in parentheses are the percent of samples
* From different factory

DISCUSSION

E. sakazakii has been isolated from a wide range of
environmental sources and from several foods of animal
and plant origin. Infant formula and milk powder have

is unlikely since the liquid milk is normally pasteurized.
It has been reported that pasteurization treatment is
effective in the elimination of this pathogen ®. Nazarowec-
White and Farber * found that E. sakazakii was more
heat-sensitive than other pathogenic organisms like
Listeria monocytogenes. The results confirm the findings
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of some researchers **** who reported a high occurrence
of E. sakazakii in enviroment of milk factory and milk
powder factory. Thus, as seen on Table 2 a number of
researchers > reported a higher occurrence in some
milk-based products (infant milk formula, dried infant
foods, infant food formula), skimmed milk powder and
fresh Domiatti cheese samples. On the other hand Shaker
et al.®> and El-Sharoud et al.”? could not be detected E.
sakazakii in full-fat milk powder and some cheese kinds
(stored Domiatti, Ras and Kariesh cheeses). The variations
on the findings may be attributable to the fact that milk to
be processed may contain different levels of E. sakazakii
according to different processing techniques and analysis
methods. Moreover, differences in the hygiene and
storage conditions at the dairies and retail points are other
key factors on the variations of the results *>**%.

E. sakazakii was not isolated from any samples of
whey powder (Table 1). Although it is not detected in
whey powder samples, each sample must be evaluated
on itself. Cross contamination must be recognized; either
directly or via surface and equipment from raw milk 3.

In conclusion, this study showed that E. sakazakii
was found in milk powder and white cheese samples
produced some dairy plants in Konya. The results indicate
that the milk powder and white cheese represents a
potential hazard for consumer. Thus the necessary
precaution will have to be taken to carry out effective
cleaning of tools and equipment and personal hygiene
practices in the plants.
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Summary

The almost worldwide distribution of Borrelia burgdorferi sl spirochaetes promotes the association with different tick

species and thus different epidemiological pattern can be observed. Seven B. burgdorferi genospecies are currently recognized
in Europe. Two of them (B. bissettii and B. spielmani) are still poorly characterized and most details about distribution are
ignored. This paper reports the PCR detection of B. spielmani in a tick in the city of Istanbul (Turkey) collected while biting a
human. This genospecies was previously known from The Netherlands, Germany, France, Hungary and Slovenia. This finding
contributes to the further knowledge of the distribution of the different genospecies of B. burgdortferi sl.

Keywords: B. burgdorferi sl, Tick, Turkey
Tiirkiye'de Ik Borrelia spielmani Bulgusu

Ozet

Borrelia burgdorferi sl. grubundaki spiroketlerin diinyadaki yayilisi farkli kene turleri ile iliskilidir ve bu nedenle farkl
epidemiyolojik 6zellikler gésterir. Avrupa Ulkelerinde bugtine kadar yedi farkli B. burgdorferi genotipi bildirilmistir. Bunlardan B.
bissettii ve B. spielmani heniiz yeterince tanimlanmarmistir ve yayilislari bilinmemektedir. Bu yazida, Istanbul'da bir insani
tutmus olan kene érneginde PCR ydntemi ile saptanan B. spielmani bulgusu sunulmustur. Bu genotip daha énce Hollanda,
Almanya, Fransa, Macaristan ve Slovenya’dan bildirilmistir. Bu bulgular, B. burgdorferi sl. genotipleri ve vektérlerinin yayiliglari

ile ilgili bilgilere katkida bulunmaktadir.

Anahtar soézciikler: B. burgdorferi sl., Kene, Tlirkiye

INTRODUCTION

Lyme borreliosis (LB), a tick-transmitted, systemic
disease produced by Borrelia burgdorferi sensu lato (sl)
exists as a zoonosis in Europe, North America, Asia and
North Africa. In Europe, the presence of the agent has
been reported in at least 26 countries *. Up to now, 12
Borrelia genospecies have been described under the
broader name B. burgdorferi sl. Among them 3 are
recognized as pathogenic for humans: B. burgdorferi
sensu stricto (ss), B. afzelii and B. garinii. It appears that

these three species cause different clinical manifestations
in humans % In North America, three Borrelia species
have been reported, B. burgdorferi ss, B. andersonii and
B. bissettii. In Asia, B. burgdorferi ss seems to be absent
but B. garinii, B. afzelii, B. valaisiana, B. japonica, B.
tanukii, B. turdii and B. sinica have been isolated. The
distribution of the last four species is restricted to Asia.
In North Africa, B. lusitaniae, B. garinii and B. burgdorferi
ss have been described in Ixodes ricinus > In Europe, 5
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species of B. burgdorferi sl have been reported in ticks:
B. burgdorferi ss, B. garinii, B. afzelii, B. valaisiana and B.
lusitaniae. In addition, two other genospecies have been
obtained from patient tissues. B. bissettii, a species
present in North America, has been also isolated from
patients in Slovenia . A novel B. burgdorferi sl genospecies
(A14S) was cultured from patients with Erythema
Migrans in The Netherlands, Hungary, Germany, and
Slovenia *” and from ticks in Ukraine, Germany and
France **°. B. spielmani was proposed as name for this
spirochete *°. Further species have been described from
Spain ** and Turkey **. The former has not yet been
characterized. The later (named B. turcica) was isolated
from Hyalomma aegyptium, a hard tick infesting tortoises,
and formed a different cluster within the relapsing-fever
spirochaetes ****. For that last species, further micro-
biological, clinical and epidemiological studies are
necessary to determine implications for human health.
However, the high incidence of H. aegyptium biting
humans in the same area where B. turcica was detected
has been already reported *.

CASE HISTORY

Ticks were passively surveyed in Istanbul since
2006 from human patients applying hospitals and
reporting tick bites. After adequate determination of
the ticks, pathogens were determined in these samples.
A 30 years-old female who claimed to be bitten in
Belgrad forest picnic area (30 km north of Istanbul)
applied to the hospital as soon as she noticed the tick in
her leg on May, 2007. For detection of B. burgdorferi sl.
species, DNA was extracted from the tick using a
commercial DNA extraction kit (Nucleospin tissue Kkit,
Macherey Nagel, Germany). Primers (OSPA FW1: ttg gga
ata ggt cta ata tta gc, OSPA FW2: atg yaa gca aaa tgt
tag c, BOR R: act aat gtt ttv cca tct tc) amplifiying a 247
bp long part of outer surface protein A (ospA) of B.
burgdorferi sl were used with a nested protocol. The
reactions were performed in a final volume of 50 pl,
comprising 0.5 uM each primer, 10 mM Tris-HCl, 1.5
mM MgClz2, 50 mM KCI (pH 8.3), 0.2 mM each deoxy-
nucleoside triphosphate (Fermentas®, Lithuania), and
1.25 U of Tag DNA polymerase (Fermentas®, Lithuania)
and 10 pl of DNA template. Mixture was subjected to an
initial denaturation at 94°C for 2 min followed by 50
cycles of denaturation at 94°C for 1 min, annealing at
50°C for 1 min and extension at 72°C for 2 min. Final
extension was performed at 72°C for 10 min. For the
second round amplification, 3 pl of the first round
product was added to the 47 pul reaction mixture with
the same concentrations and thermal cycling conditions
of the first round mixture. The amplification products

were visualized on 1.5% agarose gel electrophoresis
under UV-light. After purification with a commercial
PCR product purification kit (Roche®, Germany), the
second round PCR products were subjected to the cycle
sequencing using big-dye terminator kit (ABI®, USA).
Following the cleaning-up procedure through sephadex-
G50 fine columns the cycle sequencing products were
run on an automated sequencer (ABI®, 310). The obtained
sequence was edited and aligned using lasergene (DNA
Star®) and Bioedit software packages ** and was compared
against data available in GenBank. The detected pathogen
had a 99.59% of identity with the ospA sequences of B.
spielmani (AY 995900, AF 102057) according to the
molecular study results. The sequence was deposited in
to the GenBank under the accession number EU545183.

DISCUSSION

In endemic areas in Europe, 6 B. burgdorferi sl
genospecies may circulate between vertebrate hosts
and ticks. Interestingly, in North Africa ?, B. lusitaniae is
very frequent and greatly exceeds the other geno-
species in ticks, whereas B. lusitaniae is only sporadically
reported in ticks from other areas in Europe. The fact
that B. lusitaniae is by far the dominant species in /.
ricinus ticks in Portugal, Morocco and Tunisia indicates
that the genospecies diversity of B. burgdorferi sl
decreases towards the southern margin of its European
distribution. B. spielmani has till now been detected in
The Netherlands, Germany, France, Hungary, Ukraine
and Slovenia *****°, Previous reports of B. burgdorferi sl
in western Turkey including the city of Istanbul referred
to B. valaisiana, B. afzelii, B. garinii, B. lusitaniae and B.
burgdorferi sl *. Thus, the record of B. spielmani in the
region considerable expands the geographical range of
that spirochaete.
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Summary

Cronobacter sakazakii has emerged as a rare cause of neonatal meningitis, septicemia and enterocolitis. Contaminated
infant milk formula (IMF) has been identified as one infection route. Currently no agreed standardized typing protocol has been
developed to trace Cronobacter sakazakii. This review article aims to inform the readers about the agent’s taxonomy, isolation
and typing, epidemiology, incidence in foods, and behavior in powdered infant formula.

Keywords: Cronobacter sakazakii, Enterobacter sakazakii, Powdered infant formula, Neonatal meningitis

Cronobacter sakazakii (Enterobacter sakazakii): Sadece Bebeklerin
Problemi mi?

Ozet

Cronobacter sakazakii, neonatal meningitis, septisemi ve enterokolitis hastaliklarinin ana etkenlerinden biri olarak
bildirilmektedir. Kontamine toz formiil bebek mamalari ise 6nemli bir kontaminasyon kaynagidir. Cronobacter sakazakiinin izini
siirmek icin kullanilan standardize edilmis bir izolasyon ve identifikasyon prosedirii bulunmamaktadir. Bu derlemede, etkenin
taksonomisi, izolasyon ve tiplendirilmesi, epidemiyolojisi, gidalardaki insidensi ve formul bebek mamalarindaki davraniglari

hakkinda okuyuculara bilgi verilmesi amag¢lanmisir.

Anahtar sézciikler: Cronobacter sakazakii, Enterobacter sakazakii, FormUl bebek mamalari, Neonatal meningitis

INTRODUCTION

Cronobacter sakazakii (C. sakazakii) is an opportunistic
pathogen causing meningitis, septicaemia and enterocolitis
in neonates *>. Preterm, low-birth-weight or immuno-
compromised infants exposed to C. sakazakii are at
particular risk ®. Mortality rates of 10-80% have been
described and survivors often suffer from neurological
sequel **. Clinical outbreaks of infection in neonatal
intensive care units associated with contaminated infant
milk formula (IMF) have been reported *’ .

C. sakazakii is a ubiquitous organism %, The source of
C. sakazakii and vehicle of transmission is not always clear
however infant formula has been epidemiologically
implicated as the source of C. sakazakii in several clinical
cases ”°. The source of contamination of IMF is thought

to include a broad range of dry blended raw material,
together with possible environmental sources associated
with the production environment. To minimize possible
contamination of IMF both the raw materials and the
production environment must be constantly monitored.

Molecular subtyping has been applied as a useful
tool to facilitate surveillance, tracing routes from a
source to an infected individual. Importantly, this
approach makes it possible to distinguish a persistent
environmental strain that could intrinsically contaminate
IFM from extrinsic isolates introduced post-manufacturing.
Generally methods based on phenotype analysis are
acknowledged to be unreliable due to the unstable
expression of the corresponding marker(s). For this
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reason DNA-based protocols offer an attractive alternative.
Furthermore, DNA fingerprinting allows for a direct
comparison of isolates in outbreaks. Previously, non-
standardized DNA fingerprinting protocols have been
applied to C. sakazakii *°. Reported methods used
include ribotyping, pulsed-field gel electrophoresis
(PFGE) and random amplification of polymorphic DNA
(RAPD) *. These molecular tools facilitate the trace
back of outbreak isolates from clinical sources to the
contaminated batch of powdered infant milk formula
and/or the manufacturing environment. In addition,
they are useful tools to target control strategies and
reduce the risk of transmission. The only comparison
between various molecular subtyping protocols in the
literature was reported by Nazorowec - White and
Farber *.

In this paper it is aimed to inform the readers about
C. sakazakii, which is a very important food borne
pathogen that causes serious infections at almost all
different age groups but especially neonates.

TAXONOMY and CHARACTERIZATION

Taxonomy, classification and nomenclature of genera
in the family Enterobacteriaceae have evolved over
the years based on various distinctions in serology,
morphology, biochemical traits and genetic characteristics.
There are 14 species or biogroups in the genus
Enterobacter !, however, for the recent years, the agent
has been included in Cronobacter genus and this genus
currently consists of 6 different species; C. sakazakii, C.
malonaticus, C. dublinensis, C. muytjensii,C. turicensis
and C. genomospecies **. This recently defined
nomenclature is the result of a polyphasic taxonomic
investigation aimed at re-defining this group of organisms.
Cronobacter spp. are described as opportunistic pathogens,
causing bacteremia, necrotizing enterocolitis (NEC), and
meningitis in immunocompromised neonates **. More
recently it has also emerged that Cronobacter spp. may
cause infections among immunocompromised adults, in
particular, elderly. Due to their ubiquitous nature,
Cronobacter spp. have been isolated from a wide variety
of foods. While primary reservoir of Cronobacter has yet
to be defined, plant material is believed to be the likely
source ****. Major differences between C. sakazakii and
other Enterobacter species have been traditionally
thought to be its inability to ferment d-sorbitol and its
ability to produce an extracellular deoxyribonuclease * .
However, some strains of C. sakazakii more recently
have been shown to ferment d-sorbitol **.

Based on DNA-DNA hybridization showing yellow-
pigmented strains to have less than 50% homology with

non-pigmented strains ¢, suggested that yellow-
pigmented E. cloacae should comprise a new species.
Phenotypic characterization and differentiation based
on biochemical traits, serotyping, bacteriophage typing
and antibiotic resistance are frequently among the first
steps used to distinguish characteristics of isolates "%,
Some have suggested using phenotype tests (eg,
biotyping, bacteriocin typing, serotyping and phage
typing) to differentiate Enterobacter species; however,
none of these tests has proven effective in distinguishing
strains within the species, nor can they be used for all
species of Enterobacter ***. Iversen et al.”, investigated
the phylogenetic relationships of C. sakazakii using 16S
ribosomal DNA and hsp60 sequencing. They found that
strains were distributed among four clusters, indicating
taxonomic heterogeneity. The type strain 16S rDNA
sequence was 97.8% similar to that of Citrobacter roseri
and 97.0% similar to that of E. cloacae. Studies have
shown that both Enterobacter and Cronobacter genus
are polyphyletic *'. Strains currently classified as C.
sakazakii fall into two distinct groups which can be
further subdivided based on hsp60 sequences. Both
genotypes include clinical strains and do not correspond
to biochemical profiles.

Farmer et al.", extended the work of Brenner ** and
Brenner et al.” by further distinguishing 57 strains of
yellow-pigmented C. sakazakii based on DNA
hybridization, antibiotic susceptibility and biochemical
reactions. Other distinguishing characteristics of the
bacterium include greater pigment production at
temperatures less than 36.8°C, with optimum pigment
production at 25.8°C, survival of cells in stock cultures
stored at 17-30.8°C without transfer for up to 8 years,
utilization of citrate as a sole carbon source, 31-49%
DNA-DNA homology with E. cloacae, and 57% guanine +
cytosine ratio *. Production of the diffusible yellow
pigment is unstable with repeated subculturing.

In addition to phenotypic characterization of C.
sakazakii, advances have been made in fingerprinting
DNA and RNA by several techniques, eg, PCR, randomly
amplified polymorphic DNA (RAPD) PCR, pulsed-field gel
electrophoresis (PFGE), chromosomal DNA restriction
analysis, ribotyping and plasmid typing *. Nazarowec-
White and Farber * ribotyped C. sakazakii with the
EcoR1 restriction endonuclease and found that 18
isolates were represented by 10 ribotypes. This analysis
has been determined to be more discriminatory than
that of restriction endonuclease analysis (REA) #. In
another study *, C. sakazakii isolates from an infant
formula factory comprised only 8 ribotypes *. Kornacki *
isolated 17 EcoR1 ribotypes from a factory environment.
Nazarowec-White and Farber * analyzed 18 isolates by



PFGE using the restriction endonuclease Xbal and found
each to have a distinct pattern. Characterization was
superior to ribogrouping in that two sets of three isolates,
comprising only two ribogroups, were distinguishable as
six distinct pulsovars.

C. sakazakii has been shown to exhibit substantial
resistance to acid pH. Edelson-Mammel and Buchanan ¥
examined survival characteristics of 12 strains of C.
sakazakii in tryptic soy broth adjusted to pH 3.0 and 3.5
with HCI. Ten of twelve strains showed less than a I-log
decline over a 5-h period at 37.8°C; reductions in TSB at
pH 3.0 were 4.9 to 6.3 log CFU/ml. There was no
correlation in acid resistance based on 1-h/pH 3.0 results
and previously determined heat resistance of test
strains ¥. Skladal et al.”® examined the fermentation of
milk inoculated with 10-15 CFU of C. sakazakii per 500
ml and incubated at 30.8°C. Changes in pH and the
production of L-lactate and D-lactate were monitored. C.
sakazakii fermented milk rapidly, reducing the pH from
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INCIDENCE in FOODS

C. sakazakii has been isolated from a wide spectrum
of environmental sources * including water waste * and
thermal spring water *, soil, dust from households and
food production-lines . C. sakazakii has an unusual
surviving ability under dry conditions *, but the thermal
tolerance of C. sakazakii strains may differ 3¢,
Pasteurization is effective in destroying C. sakazakii ¥.
Acidification reduced the concentration of C. sakazakii
in different types of infant formula and vegetable based
food products *. In juices of vegetables, the reduction of
pH after 48 h was correlated with a reduction of the
numbers of C. sakazakii, but with increasing numbers of
C. sakazakii in juices of different fruits *.

Table 1. Enumeration procedure of C. sakazakii for infant formula
according to FDA

Tablo 1. C. sakazakii icin, FDA'ya gore formil mamalardaki sayim
prosedirii

6.6 to 5.6 in less than 20 h. Concentrations of L-lactate and Step Time  Temperature
D-lactate reached 0.40 mM and 10.7 mM, respectively. Dilute 100 g, 10 g, 1 g of powdered
lSOLATlON IDENTIFICATION IS?:?I?(: ;?Srtm:(ljaw\,\;ltter:' strel_\]’.voa rrr:t?: Ovemight e
’ Mix and incubate
and I YPING Add 10 ml of each suspension to 90
ml of Enterobacteriaceae enrichment Overnight 36°C
2930 . broth and incubate
FDA #** developed a method to isolate and enumerate
i - Mix suspensions and surface plate
C. sakaz.ak/./ in dehydrated poyvdered infant formula. 0.1 ml on VRBG agar, streak on VRBG
Table 1 indicates the enumeration procedure described agar with a 10 Al inoculating loop Overnight 36°C
above. onto three quadrants for isolation
and incubate
The method of ISO31 to isolate and enumerate C. Pick five presumptive-positive C.
sakazakii in dehydrated powdered infant formula is sakazakii colonies from both sets of o
48-72 h 25°C
indicated in Table 2 below. VRBG plates and subculture by
streaking onto TSA and incubate
Further characterization of C. sakazakii isolated from Select yellow-pigmented colonies
food and environmental samples can be accomplished only and confirm per manufacturer's - -
b . lsed Itil | instructions for the API 20E
y usm_g pulse PEGE, RELP, multilocus en.zyme electro- biochemical confirmation system
phoresis Fests, or rlbgtyplng. Ot.hfer 'poter?t|al methods of Calculate the most probable number
analyses include testing for antibiotic resistance patterns | (pN) after determining the number . -
(antibiograms), toxin assays, hemagglutination, serotyping of positive tubes at each dilution
and phage typing.
Table 2. Enumeration procedure of C. sakazakii for infant formula according to ISO
Tablo2. C. sakazakii icin, ISO’ya gore formiil mamalardaki saytm prosediirii
Step Number Name of the Procedure Description Time Temperature
1 Pre - enrlfhment in non selective The pre - enrichment medlum is inoculated with the test 16hto20h  379C+1°C
iquid medium portion
2 Enrichment in gelectlve liquid The selective enrichment .medl.um is inoculated with 22hto26h  44°C+0.5°C
medium culture obtained in step 1
3 Plating and identification A chromogenic agar is mo;ulatgd with the enrichment 2 hto26h  44°C+1°C
culture obtained in step 2
Typical colonies are selected from the chromogenic agar
4 Confirmation and isolates producing yellow pigment on tryptone soya - -

agar are biochemically characterized
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There is no essential need for special microbiological
criteria of C. sakazakii in food other than infant formula,
because C. sakazakii is a ubiquitous opportunistic micro-
organism. C. sakazakii will be detected only in studies
with the aim of differentiating genus Cronobacter or
specially of tracking C. sakazakii. Iversen and Forsythe *
referred in their risk-profile to C. sakazakii contamination
in food. In 2004, they published a survey about the
isolation of C. sakazakii from a variety of powdered infant
formulas, milk powders and related food products *.
Drudy et al.*> compared biochemical and molecular-
genetic methods in the investigation of 57 European and
Australasian C. sakazakii isolates. The researchers
indicated that 51 isolates of 57 were food originated.

C. sakazakii was isolated from wheat ** and as
endophytic bacteria from the leaves of rice plants *.
Kanivets and Pishchur ® detected C. sakazakii in the
bacterial colonization flora of disinfected sugar beet
seeds. As C. sakazakii belongs to the cultivable
endophytic and epiphytic flora of rice * and soy bean
plants *, it could be isolated from related food products.
Some traditional cereal, herb and legume-based food
and beverages were found to be contaminated with C.
sakazakii *. C. sakazakii may be part of starter cultures
for fermentation of traditional vegetarian food products.
Osterblad et al.*® detected C. sakazakii in mixed salad
vegetables and imported fresh and deep-frozen
vegetables at retail level.

C. sakazakii contaminated food of animal origin
comprise a variety of meat and meat products from
camel, pig, beef and poultry, and, additionally, eggs, raw
milk and different dairy products and, less frequently,
fish. C. sakazakii was isolated from a variety of raw and
ready-to-eat meat and its products. Watanabe and
Esaki ¥ isolated C. sakazakii during a complicated curing
process of meat products. C. sakazakii is a histamine
forming microorganism in the ripening process of
cheese *®. C. sakazakii has been isolated from a cheese
whey substrate *. Lipolytic activity of a C. sakazakii
strain was demonstrated by Chaves-Lopez et al.*. C.
sakazakii has been detected in fresh and prepared fish.
Miranda et al.** isolated a tetracycline-resistant C.
sakazakii strain from a Chilean freshwater salmon farm
with no history of recent antibiotic use. C. sakazakii has
been isolated from smoked sardines after 12 weeks of
storage after irradiation **.

Schindler and Metz ** found C. sakazakii in total
frequencies of 1.8% (10/564 strains) and 0.4% (1/256
strains) investigating central and local drinking water
supplies. Lee and Kim ** identified C. sakazakii as bacteria
indigenous to the water distribution system during their
investigations for biofilm formation. Even bottled

beverages should not be considered as free of micro-
organisms, as shown by the results of Schindler ** for C.
sakazakii contaminated bottled mineral water.

EPIDEMIOLOGY

Many reservoirs exist for these bacteria, including
water, soil, food, and the intestines of humans and
animals. There are several modes of transmission for
these organisms, including exogenous, such as fecal-
oral, person-person, mother-child, food, hospital
equipment, and personnel, and endogenous, from the
patient’s own intestinal flora. Passive carriage on the
hands of medical personnel constitutes the major mode
of transmission. C. sakazakii can also be isolated from
tap and bottled water and can survive and multiply on
or in hospital equipment such as hemodialysis and
respiratory instruments *.

Respiratory tract infections are often caused by
gram-negative bacteria. Indeed, sputum is the first or
second most common clinical specimen to yield
Enterobacter isolates and, although these bacteria do
not represent the most predominant pathogens causing
respiratory infections, they are significant because of
their antibiotic resistance. E. cloacae, E. amalonaticus, E.
agglomerans, E. amnigenus, E. asburiae, E. cancerogenus,
E. gergoviae, E. normaechei, and C. sakazakii (Enterobacter
sakazakii) are species that have been isolated from
respiratory tract infections *. These bacteria can be
transmitted exogenously through hospital procedures,
such as surgery or with intubation, inhalation / aspiration,
or hematogenous spread to the lungs. Prior antibiotic
treatment may predispose patients to Enterobacter
pneumonia, and Cronobacter are a major cause of
pneumonia in early post-lung transplant patients, with
the bacteria originating from the donor *.

Meningitis and brain abscesses resulting from
Citrobacter or Cronobacter infections occur most often in
neonates, but can also appear in immunocompromised
patients and following neurosurgery *. The causative
agents are primarily Citrobacter koseri (diversus) and
Cronobacter sakazakii and, occasionally, Citrobacter
freundii . Transmission of the bacteria to the infant can
occur horizontally during nosocomial outbreaks in
neonatal hospital wards or from contaminated infant
formula/powdered milk *. They can also be transmitted
vertically from a colonized mother *. While premature
or low birth-weight babies are more susceptible to such
infections, any neonate can be affected. Among neonates,
the meningitis often results in vasculitis, cerebritis
and/or ventriculitis, the development of hydrocephalus,
and a surprising rate of brain abscesses and cyst



formation *. The brain abscess can persist with little
response to antimicrobial therapy.

CLINICAL ETIOLOGY
and PATHOGENICITY

Cronobacter species can create community infections,
are responsible for approximately half of all nosocomially
acquired infections and are often implicated in co-
infections. Infections reported in infants include meningitis
leading to ventriculitis, brain abscess, and infarction and
cyst formation . C. sakazakii can cause also systemic
respiration, cardiovascular and neurologic symptoms
such as destruction of the frontal lobes of the brain,
seizures, spastic quadriplegia, hypothermia, fever
Cheyne-Stokes respirations, bradycardia, poor feeding,
irritability, jaundice, grunting respirations, instability of
body temperature, hemorrhagic cerebral necrosis,
meningo encephalitis, necrotic softened brain, cyst
formation, liquefaction of cerebral white matter and
severe neurologic complications at infants, adults and
also at elderly patients, too .

The symptoms of respiratory tract infections are
similar to those seen with Streptococcus pneumoniae.
Symptoms, which generally occur gradually, include
malaise, slowly increasing fever, and/or chills and a
cough. The cough will eventually produce sputum,
which may be discolored and foul smelling, and the
patient may experience shortness of breath. In cases of
chronic pneumonia or lower respiratory tract infection,
the individual may also experience appetite and weight
loss . A chest radiograph and culture of sputum samples
are useful in identifying the etiological agent.

Gastroenteritis infections produce symptoms similar
to those that occur with other enteropathogenic bacteria
such as E. coli or Shigella spp. The symptoms generally
appear suddenly, with loss of appetite, nausea, vomiting,
intestinal/abdominal cramps, gas, and watery diarrhea.
A fever and mylagia may also be present. Also drop in
blood pressure may come out from loss of electrolytes
due to dehydration at the infected cases. Patients with
hemorrhagic colitis may experience little or no fever
and bloody and/or watery diarrhea. Some may develop
hemolytic-uremic syndrome that can lead to kidney
failure, anemia, seizures, strokes, and nerve or brain
damage ©.

Sepsis occurs when bacterial numbers in the blood
are too high for efficient removal by white blood cells
leading to septic shock. Bacteria normally enter the
bloodstream and cause sepsis when there is an infection
elsewhere in the body. Symptoms include fever, chills,
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shaking, nausea, vomiting, diarrhea, and general
malaise. The patient will normally have a high white
blood cell count. Sepsis can also lead to infections in other
parts of the body, such as the brain (meningitis), heart
(endocarditis), bone (osteomyelitis), or soft tissue *.

Meningitis and brain abscesses most commonly occur
in neonates and present with fever, vomiting, lack of
appetite, irritability, high-pitched crying, and seizures.
The forehead may bulge and the head may swell. In
those older than one year of age, fever, irritability,
drowsiness, confusion, and a painful stiff neck are
common. The symptoms can progress to coma and death
very rapidly. A lumbar puncture is required to determine
the cause of infection if meningitis is suspected ©.

TREATMENT

Cronobacter and Enterobacter infections are treated
with antibiotics. Care must be taken when choosing an
antibiotic because of the intrinsic resistance to beta-
lactams and cephalosporins, and the emergence of
plasmid-mediated resistance to aminoglycosides,
quinolones, and third-generation cephalosporins *.

For Cronobacter and Enterobacter infections,
carbapenems or antipseudomonal penicillins (ie,
mezlocillin, piperacillin, piperacillin/tazobactam,
ticarcillin, and ticarcillin/clavulanate) are recommended
as drugs of choice, with ciprofloxacin as an alternative *.
It is recommended that the drug resistance pattern of
the organism be established early on so the infection
can be treated properly form the beginning ®. In the
case of brain abscesses, surgery may be necessary to
drain the abscess, as they do not always respond to
antibiotic therapy *. Patients with gastrointestinal illness
must have fluid and electrolytes replaced.

RISK MANAGEMENTS, CRITICAL
CONTROL POINTS and HAZARD
ANALYSIS

The Food and Agriculture Organization of the United
Nations (FAO) and the World Health Organization (WHO)
jointly convened a workshop on C. sakazakii in early
200467 in response to a request for scientific advice
from the Codex Committee on Food Hygiene to provide
input for the revision of the Recommended International
Code of Hygienic Practice for Goods and Infants and
Children. An extensive list of recommendations to FAO,
WHO, Codex Committee on Food Hygiene, their member
countries, and Non-Governmental Organizations (NGOs)
was issued ¢ (Table 3).
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Table 3. Joint FAO/WHO recommendations to the powdered infant formula industry and infant caregivers concerning processing, preparing
and handling powdered and reconstituted products

Tablo 3. FAO/WHO kurumlarinin formil mama endiistrisi ve sektérle ilgili kuruluglar icin tavsiye ettikleri hazirlama, lretim, proses
prosediirleri icin tavsiyesi

Recommendations to the Powdered Infant Formula Industry By FAO/WHO

In situations where infants are not breast-fed, caregivers, particularly of infants at high risk, should be regularly alerted that powdered
infant formula is not a sterile product and can be contaminated with pathogens that can cause serious illness and provided with
information that can reduce the risk

In situations where infants are not breast-fed, caregivers of high-risk infants should be encouraged to use, whenever possible and feasible,
commercially sterile liquid formula or formula which has undergone an effective point of use decontamination procedure (e.g., use of
boiling water to reconstitute or by heating reconstituted formula)

Guidelines should be developed for the preparation, use and handling of infant formula to minimize risk

Research should be promoted to gain a better understanding of the ecology, taxonomy, virulence and other characteristics of C. sakazakii
and on ways to reduce its levels in reconstituted powdered infant formula

Investigation and reporting of sources and vehicles, including powdered infant formulae, of infection by C. sakazakii and other
Enterobacteriaceae and Cronobacter genus should be encouraged. This could include the establishment of a laboratory-based network

The use of internationally validated detected and molecular typing methods for C. sakazakii and other relevant microorganisms should be
promoted

FAO/WHO should address the particular needs of some developing countries in establishing effective measures to minimize risk in
situations where breast-milk substitutes may be used in exceptionally difficult circumstances, e.g., feeding infants of HIV-positive mothers
or low-birth-weight infants

In revising its Code of Practice, Codex should better address the microbiological risks of powdered infants formula and, if deemed
necessary, include the establishment of appropriate microbiological specifications for C. sakazakii in powdered infant formula

The infant food industry should be encouraged to reduce the concentration of prevalence of C. sakazakii in both the manufacturing
environment and powdered infant formula. To this end, the infant food industry should consider implementing an effective environmental
monitoring program

The infant food industry should be encouraged to develop a greater range of commercially sterile alternative formula products for high-
risk groups

Summarized from FAO/WHO (2004) ¢

CONCLUSION

modeling, but additional researches in these and other
areas are needed. One study using a suckling mouse

C. sakazakii can be found in a wide range of foods model to determine virulence mechanisms and minimum

and beverages, many of which are not subjected to
treatments or processes that inactivate the pathogen.
Its ability to survive and grow in these products raises
concern about safety risks not only to neonates and
infants but also to older immunocompromised consumers.
The suitability of infant cereals and some types of fresh
fruits and vegetables to support luxuriant growth of C.
sakazakii is of particular concern. The ability of the
pathogen to produce biofilms, coupled with its resistance
to sanitizers and disinfectants when present in organic
matrices, emphasizes the importance of properly cleaning
and sanitizing food preparation areas and utensils and
containers used to prepare and serve foods to neonates
and others in hospital, daycare center, and home settings.

Studies involving C. sakazakii have focused on methods
to eliminate the coliform from powdered infant formula,
to determine thermal resistance, environmental reservoirs,
pathogenicity, antibiotic resistance, exopolysaccharide
production and to develop rapid methods detection,
enumeration and identification, subtyping and predictive

infectious dose has suggested the possibility of
enterotoxin production by C. sakazakii.

Studies to determine conditions that influence
survival and growth or cause death of C. sakazakii in dry
and reconstituted infant formulae are needed, given the
likelihood that post-process contamination is the principle
route of contamination. Other areas in need of research
attention include studies of conditions affecting biofilm
formation by C. sakazakii in processing plants and
hospital settings (eg, in tubes used for enteral feeding),
competitive exclusion to control or prevent growth,
efficacy of sanitizers, methods to recover and and
evaluation of practices associated with preparing and
feeding infant formulae in hospitals and in the home.
Surveys of neonatal wards, Neonatal Care Units and food
processing environments for the presence of C. Sakazakii
and an evaluation of hygienic practices in hospitals and
the home that may contribute to neonatal infections
would also provide information of value when developing
intervention strategies to eliminate C. sakazakii infection.
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