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Effects of Pasteurized Sheep's Milk Use on Production and Ripening of Siirt Herby Cheese
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Abstract: Siirt herby cheese is a varietty of local cheeses, and raw sheep’s and goat’s milk are used in its production. The curds obtained by
curdling the milk obtained in the highlands is sold in the city centre during the day or the next day. Siirt herby cheese is produced from the
retail curds. Three different cheese samples form retail curd, raw sheep’s and pasteurized sheep’s milks were made. The samples were ripened
at 4°C for 120 d. Hygienic quality of raw milk supplied from a farm and raw milk curd bought from local retailers did not have adequate
hygiene. Coagulase positive staphylococci were 3.11+0.6 logio cfu/ml in raw milk, then it increased to 6.6+0.5 logio cfu/g in the curd before
salting. Pasteurization of milk was decreased the total count of the coagulase positive staphylococci below the maximum permissible value (10°
cfu/g) in the regulation on Microbiological Criteria of the Turkish Food Codex. These samples were only contained >10° cfu/g coagulase
positive staphylococci at the 120th d of ripening. The pasteurization of milk allowed to obtain cheese that meets the desired hygienic criteria.
In addition, sufficient acidity and pH development were observed in pasteurized dairy cheeses even though starter culture was not used. It was
found that the traditional cheese production using both retail curd and raw milk may not be suitable for producing cheese in accordance with
the official standards and regulations. It was concluded that in the case of the production of these cheeses, it is not appropriate to offer them for
sale before the completion of the legal ripening period of 120 d. It was deemed necessary to conduct further research in order to draw up a
production diagram including the parameters of the Siirt herby cheese production process.

Keywords: Siirt herby cheese, Hygiene, Pasteurised milk, Quality

Pastorize Koyun Siitii Kullanmanin Siirt Otlu Peynirinin Uretimi ve Olgunlasmasi Uzerine
Etkileri

Ozet: Siirt otlu peyniri yoresel bir peynir ¢esidi olup iiretiminde ¢ig koyun ve kegi siitleri kullaniimaktadir. Yaylalarda elde edilen siitiin
mayalanmasi ile elde edilen teleme giin igerisinde veya ertesi giin sehir merkezlerinde satilmaktadir. Siirt otlu peyniri bu telemelerden
tiretilmektedir. Satin alinan teleme ile ¢ig ve pastdrize koyun siitii kullanilarak 3 farkli peynir 6rnegi yapildi. Numuneler 4°C’de 120 giin siireyle
olgunlastirildi. Bir ciftlikten temin edilen ¢ig siitiin ve bu siitten yapilan telemenin hijyenik kalitesinin yeterli olmadig1 gozlendi. Koagiilaz
pozitif stafilokoklar ¢ig siitte 3.11+0.6 logio kob/ml iken, tuzlamadan onceki agamada telemede 6.6+0.5 logio kob/g’a ulastigi gozlendi. Siitin
pastorizasyonu Tiirk Gida Kodeksi Mikrobiyolojik Kriterler Tebligi’nde izin verilen maksimum degerin (10° kob/g) altina ancak 120. giinde
diistiigii gézlendi. Siitiin pastorizasyonunun istenen hijyenik kriterlere uygun peynir elde edilmesini sagladi. Ayrica pastorize siit peynirlerinde
de starter kiiltiir kullanilmadig1 halde yeterli asitlik ve pH gelisimi gozlendi. Gerek satis yerlerindeki teleme ve gerekse ¢ig siit kullanarak
geleneksel peynir tiretiminin standart ve mevzuata uygun peynir tiretmek igin uygun olmayabilir. Bu peynirlerin iiretilmesi durumunda yasal
olgunlagtirma siiresi olan 120 giiniin tamamlanmadan satiga sunulmasinin uygun olmadigi sonucuna varildi. Siirt otlu peyniri {iretim prosesine
ait parametrleri de igeren bir liretim semansinin ¢gikarilmas i¢in daha fazla arastirmanin yapilmasi gerekli goriildii.

Anahtar Kelimeler: Siirt otlu peyniri, Hijyen, Pastérize siit, Kalite

1.Introduction cheeses should be used (3,4). A total of 753 thousand tons of

cheese produced in Tiirkiye. We could not find out the

While there are about 2000 types of cheese in the world,
Tirkiye, which has 193 of them, has been called "cheese
heaven". The journey of each of these cheeses from
production to consumption is different (1). It has been
reported that the gastronomic value of this rich cheese variety
should be brought to the fore (2). It has been stated that the
production technology of many cheese varieties in Anatolia
should be developed. So, the products should have been made
at standard manners to increase export potential of these

knowledge about how much traditional cheese, and also how
much herby cheese is produced in Tiirkiye (5). Nevertheless,
it has been reported in a study that per capita consumption of
herby cheese is 14.74 kg/year in Eastern Anatolia and South-
eastern Anatolia regions, and the Tiirkiye average is 3.2
kg/year (6). The most produced type of herby cheese in
Tiirkiye is Van herby cheese and it has a Geographical
Indication Certificate (5). Other herby cheeses are Urfa,
Bitlis, Hakkari, Trabzon, Erzincan Kegene and Siirt herby

X: murat.gulmez@siirt.edu.tr
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cheeses. Most of the previously made studies on the herby
cheeses have been conducted on Van herby cheese (3,7-10).

The minimum technical and hygienic criteria for cheeses have
been established with official documents and official
inspections are carried out accordingly (11-13). Chemical and
microbiological quality characteristics of herby cheeses have
been investigated and possible health risks have been
emphasized (7,14,15). However, it has been revealed by
researchers that there are no product standards in local
cheeses produced outside of commercial enterprises, the
hygienic quality of these products is low and they do not
provide sufficient assurance in terms of public health (16-18).
It has been reported that the chemical qualities of herby
cheeses on sale have not founded in accordance with related
standards (19-23). It has also been reported in the previously
made studies that hygienic quality of cheese samples
examined have not been determined to be good (14,24-28).

Siirt herby cheese is generally produced from raw sheep's
milk or a mixture of sheep’s, cow’s and goat’s milk. While
the main herb added to cheese is sirmo (sirik, Allium sp.),
herbs called heliz (Ferula orientalis) and ¢iris (Eremurus
spectabilis) are also used depending on the taste of the
household (6).

The unique qualities of cheese are shaped by many factors.
Milk  constituents, microbiota composition, process
parameters used, ripening regimes and many other factors are
prevailed effective on the quality characteristics of the cheese
(29-34). Developing raw milk cheese technology is very
difficult due to the risk of pathogenic bacteria (35). Many
scientific researches on the process development for some of
the other herby cheese varieties have been conducted
previously (36-42). Few studies have been conducted on the
Siirt herby cheese (6,23,24,27). Herby Cheese Standard is the
reference regulation for making the cheese (43).

In this study, two different cheese samples were prepared; one
from raw milk and the other pasteurised milk. Also, as for
control samples, one d old curd was purchased from the retail
stores in the city centre and used for making herby cheese as
for mimicking traditionally produced Siirt herby cheese. So,
it is aimed to investigate in this study that differences between
raw and pasteurized milk use, and also retailed curd use on
the final chemical and microbiological composition of the
Siirt herby cheese during a 120 d of ripening period.

2.Materials and Methods

Three different cheese samples were made from retail curd,
raw milk and pasteurized milk. So, curd cheese, raw milk
cheese and pasteurized milk cheese were made. Experimental
cheese samples maintained at 4°C for ripening, and were
analysed once a mo. for in a 4 mo. of ripening period.

2

Raw milk: A 25 | of newly milked sheep's milk was purchased
from a sheep farm located in the city centre of Siirt. The milk
was filtered through a cloth strainer and brought to the
laboratory within 1 hour. Half of the milk was used raw, and
the other half was pasteurized and used to make cheese.

Coagulant: A microbial cheese coagulant including rennet at
20.000 MCU/ml activity (Mayasan®, Istanbul Tiirkiye) was
purchased from a local market and stored at 4 °C until use.
Herb (Sirmo, Sirik, Allium sp.): Herbs collected from the
highlands and sold by the citizens in the market were used.
After the herbs were removed and washed with drinking
water, they were chopped to a size of approximately 5 mm
and added to the curd at a rate of 3%, w/w as recommended
by many local Siirt herby chees producers (personal
communications).

Salt: Rock salt from the region was used in cheese making
was used in cheese making.

Press material: Plastic containers filled with water at a rate of
70 % of total weight of each portion milk used for making
each part of the curd samples. Then, the water containers were
used as press by putting them on the draining curd portions.

Making herby cheese by using raw milk: Raw sheep’s milk
was heated up to 35 °C. Calcium chloride (200 ppm, w/v) was
added to the milk. Coagulant was added to the milk at 35 °C
to be the same as applied to the pasteurized milk and waited
for 40 min for coagulation. The clot was cut into 1x1x1 cm as
made by Ocak et al. (38) and waited for 30 min for clot
hardening. The clot was added in a press cloth and the press
material was put on the curd for 60 min as make it standard
for all the samples. So, we could not find a standard whey
drainage time period in the literature applied for herby cheese
making. The pressed curd was crumbled to the size of
chickpeas. Then, a 3% (w/w) chopped Sirmo (Allium sp.) and
a 3% salt was added to the crumbled curd and mixed. The
same press material was put on the curd in cloth once again
for 90 min to make extra drainage. The cheese samples
obtained were separately crumbled to the size of chickpeas
cheese and also separately filled tightly in 100 ml sample
containers (5).

Making herby cheese using pasteurized milk: Raw milk in
stainless steel container was heated at 72°C by using a kitchen
type gas stove. The heat temperature was controlled by using
a thermometer (Thermopro TP02S, ThermoPro Co., USA)
Milk was stirred gently for 3 min after termination of the
heating to make heat treatment more uniform. Then, the milk
was cooled to 37°C by soaking the milk container in a cold
water bath. All other processes were applied as in the
production of raw milk cheese as mentioned above.

Making herby cheese using retail curd: A 2 kg of curd was
bought from a local curd retailer in Siirt province and
transferred to the laboratory under cold storage (4 °C) in 1 h.
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The curd was crumbled to the size of chickpeas. Then it was
mixed with 3% (w/w) herb (sirmo) and 3% (w/w) salt, then
pressed for 90 min by applying a weight of equal to that of
raw milk used. At the end of the pressing, the crumbled curd
again in the size of chickpeas, and the plastic sample cups
with a volume of 100 ml were filled in such a way that there
was no air gap.

Raw milk analysis: pH measurement was made with a
handheld pH meter (AZ 8685, Taiwan). Acidity
determination was made by titrimetric method and the results
were given as % l.a. In addition, milk analysis was performed
with a milk analyser (Lactoscan LS, Nova Zagora, Bulgaria).

Determination of coagulant strength: A domestic commercial
rennet used for cheese making was diluted 1/10. Raw milk
was heated to 35 °C. A 1 ml of reconstituted coagulant was
added to 50 ml of heated milk and the clot formation time was
determined. Coagulant strength was calculated according to
the formula (44).

Analysis of milk, curd and cheese: The pH was measured by
using a digital pH meter (Milwaukee AZ8686, USA) (45).
Titratable acidity (lactic acid, %) was determined by using 0.1
N NaOH and phenolphthalein indicator as stated to TS 591/
March 2013 (46). The dry matter and ash were determined
gravimetrically according to TS EN ISO 5534/AC (47). The
fat content was determined by using Van Gulik method (TS
ISO 3433) (48). Salt in dry matter was determined by titration
according to TS EN 1SO 5943; 2007 (49).

For microbiological analysis, reference methods were
followed (50). Briefly, 10 g from each sample was used for
making ten-fold serial dilutions in 90 ml of sterile
physiological saline (PS). For count of total aerobic
mesophilic bacteria (TAMB), Plate Count Agar (PCA, Oxoid
CM 0463) was used and the petri dishes were incubated at
30+2°C for 72 h for count of Enterobacteriaceae, Violet Red
Bile Glucose Agar (VRBGA, Oxoid-CM0485) was used and
the petri dishes were incubated at 37+2°C for 48 h. For

coliforms, Violet Red Bile Lactose Agar (VRBLA, Oxoid
CMO0107) was used and the petri dishes were incubated at 37
°C for 24 h. The growing pink-red colonies with a pink
precipitation ring around were counted. For coagulase
positive staphylococci, Baird Parker Agar plates including
Baird Parker Agar Base (BPA, Oxoid CM1127) and Egg
Yolk Tellurite Emulsion (Oxoid SR0054) were used. The
plates were incubated at 37°C for 48 h. Black shiny coagulase
positive colonies with a diameter of 1.5- 2.5 mm with a
transparent zone around were counted. Then, 5 susceptive
colonies selected randomly for each sample were tested for
their coagulase reaction before calculation of cfu/g values.
For yeasts and molds, Yeast Extract Glucose
Chloramphenicol Agar (YGCA, Merck 1.16000) was used
and the petri dishes were incubated at 25°C for 5 d. Colonies
grown on the medium were counted.

The study was repeated in triplicate and each analysis was
made in duplicate. The mean and standard deviation values
were calculated by using the Microsoft Excel program.
Means with a significant difference were compared by
Duncan’s multiple range tests by using SPSS v.15.00
program (Chicago, Illinois, USA) and P values <0.05 were
considered statistically significant. The standard deviation
values (£SD) are given in the Table 2 and Table 3.

3.Results

The mean values from the raw milk used in the study were as
follows: pH 6.7, acidity (%, l.a) 0.2, dry matter (%, w/w) 12,
protein (%, wiw) 6.1, fat (%, wiw) 7.2, lactose (%, w/w) 4.8,
salts (%, w/w) 0.8 and density 1.034.

Raw milk was subjected to microbiological analysis within 1
hour after being taken from the farm. The results are given in
Table 1. As seen in Table 1, it was determined that the
bacterial and yeasts and molds loads were quite high in curd
made with raw milk.

Table 1: Microorganism loads of raw milk and raw milk curd before salting (log10 cfu/g).

2 ® 4
= S o = 3
[=8 Q k=] n IS)
8 g o 8—6 o
I} 5 e o — =]
g £ s e g 5
n o) = KL = 53 7]
-3 o S 2 22> 8 o
g0 & = < a5 5 5
(ST c Q D o © I ]
F © I O > O — -
Raw milk 6.8£0.6 6.3+03 5.1+0.4 5.1£02 3.1£0.6 3.96:0.2  7.3+0,3
Raw milk curd (before salting) 9.8+0.2 8.2+0,2 8.9+0.5 9.840,4 6.6+0.5 9.70+0.3 10.65+0,6
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The pH values of the retail curd, raw milk curd and
pasteurized milk curd were found to be 6.7, 6.7 and 6.0,
respectively, after the curd was filtered and herb was added.
Acidity values were found to be 0.3, 0.2 and 0.15 in the same
order. The findings are given in Figure 1.

Within the values before salting, the pH of the ready-made
curd was found to be higher than the other two samples. Dry
matter ratio of pasteurized milk curd was found to be higher
than the other two samples (39.4%). There was no statistically
significant difference among the samples in terms of fat ratios
(Figure 1).

Fig. 1. Analysis of the curds before

salting.
o =
( o I
I oo
I I I | |
© el
T I I
pH Acidity Dry matter Fat (%.
(lactic acid, (%. w/w) wiw)
%)

B Curd ®mRaw milk ™ Pasteurized milk

Figure 1: Values of physical and chemical analyzes of curds
before salting

Three different cheeses were made by processing three
different curds in the same way, and they were packaged in
0?63 x 65 mm polypropylene sample containers (L 102348,
Lp Italiana) and kept in the cold. Analyses were performed
on the 1st, 30th, 60th, 90th and 120th d of 4°C of cold storage.
The pH and chemical analysis results are given in Figure 2.

While the initial pH values were similar in all three samples,
the decrease in the following days was more in the retail curd
samples (p<0.05). After the 90th d, pH decreases followed an
approximately horizontal course and decreased to the level of
5 at the 120th d (Figure 2a).

While the initial acidity values were similar in all three
samples, the increase in the following days was more in the
curd cheeses purchased from the seller. The increase in
acidity continued in all three samples until the 120th d and the

highest (1.17 %) was observed in cheese made using curd
bought from the seller (p<0.05). In the other two samples, the
acidity reached approximate values on the 90th and 120th d
(Figure 2b).

When the values from high to low in terms of dry matter
levels were ranked, cheese made from curd were raw milk
cheese and pasteurized milk cheese. It was observed that the
moisture loss in the samples was not at a significant level
(Figure 2c).

While the fat levels were highest in cheese made from curd,
this difference disappeared after the 90th d and the fat levels
in all three samples were similar. It was observed that the
cheese samples completed the ripening period with the fat
level between 17.5% and 20.4% (Figure 2d).

Interms of salt levels, it was observed that cheeses made from
curd were always high at 120th d, while pasteurized milk
cheeses had the lowest salt values. It was observed that the
salt added at the rate of 3% of the curd weight remained lower
in pasteurized milk samples during ripening compared to the
others (Figure 2¢e) (p<0.05).
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Figure 2 (a, b, ¢, d, ). Values of physical and chemical analyzes in 120-d cold storage in Siirt herby cheese samples produced by

using retail curd, and also raw milk and pasteurized sheep's milk.

Table 2: The standard deviations (+SD) of values given at Figure 2.

Figure no. Cheese / ripening d 1 30 60 90 120
Fig. 2a. Retail curd cheese 0,2 0,1 0,2 0,3 0,1
pH Raw milk cheese 0,2 0,1 0,3 0,3 0,1
Pasteurized milk cheese 0,3 0,2 0,3 0,2 0,1
Fig. 2b. Retail curd cheese 0,02 0,01 0,02 0,02 0,03
Acidity, Raw milk cheese 0,01 0,02 0,03 0,02 0,02
%la Pasteurized milk cheese 0,01 0,02 0,02 0,01 0,03
Fig. 2c. Retail curd cheese 0,1 0,1 0,6 0,6 0,3
Dry matter, Raw milk cheese 0,4 0,6 0,6 0,5 0,4
% Pasteurized milk cheese 0,8 0,3 0,3 0,5 0,3
Fig. 2d. Retail curd cheese 0,1 0,1 0,2 0,2 0,1
Fat, % Raw milk cheese 0,2 0,3 0,3 0,2 0,2
Pasteurized milk cheese 0,3 0,1 0,1 0,2 0,1
Fig. 2e. Retail curd cheese 0,2 0,2 0,4 0,2 0,2
Salt in dry Raw milk cheese 0,2 0,2 0,2 0,1 0,3
matter, % Pasteurized milk cheese 0,3 0,2 0,3 0,3 0,4

Total bacterial counts were found to be higher in retail curd
and raw milk samples on the 1st and 30th d compared to
pasteurized milk samples (p<0.05). In the following period,
the numbers were found to be similar in all three samples
(Figure 3a).

Although the numbers of Enterobacteraceae decreased
gradually in retail curd and raw milk samples, it was observed
that they were in very high numbers than that of the
pasteurised milk sample (p<0.05). Enterobacteraceae counts
were determined to be 3.68 log10 cfu/g at 1st d of cold storage

and >1 log10 cfu/g in pasteurized milk cheese samples at the
1st d of ripening (Figure 3b).

Although the numbers of coliforms decreased gradually in the
curd and raw milk samples, it was observed that they were
quite high. This number was determined as 3.20 log10 cfu/g
in pasteurized milk cheeses at the 1st d of ripening. Then, it
was determined to decreased to the level of >1 log10 cfu/g in
the samples (Figure 3c).

Yeasts and molds counts were found to be considerably
higher in retail curd and raw milk samples on the 1st and 30th
d compared to pasteurized milk samples (p<0.05). In the
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following period, the numbers were found to be similar in all
three samples. The level in raw milk sample was higher than
the other two cheeses (p<0.05). The values of the samples
decreased by approaching each other at 120th d of ripening
(Figure 3d).

While the lactobacilli level was found to be quite low (4.73
logl0 cfu/g) in pasteurized milk cheese on the first d
compared to the other samples (p<0.05), the values for all
three samples were at an approximate level on the further

analysis d. It was observed that lactobacilli level in
Fig. 3a. Total acrobic mesophiles (logy cfu/g) Fig. 3b. Enterobacteriaceae (logyg cfu/g)
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pasteurized milk samples was higher than that of other two
cheese samples at 60th d (Figure 3f).

While the count of lactotococci were determined to be quite
low (5.36 10g10 cfu/g) in pasteurized milk samples on the first
d (p<0.05), as was in lactobacilli counts, on the other analysis
days, the values of all three samples were at an approximate
level. It was observed that the level in pasteurized milk
samples was higher than that of other two cheese samples at
60th d. Although the 1st d level of lactococci was higher than
that of lactobacilli, similar levels were observed in the
following ripening d (Figure 3g).

Fig. 3d. Yeasts and molds (logy cfu/g)
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Figure 3 (a, b, ¢, d, e, f, g): Values of microbiological analyzes in 120-d cold storage in Siirt herby cheese samples produced by

using retail curd, and also raw milk and pasteurized sheep's milk.

Table 3: The standard deviations (=SD) of values given at Figure 3.

Figure no. Cheese / ripening d 1 30 60 90 120
. . Retail curd cheese 0,34 0,31 0,22 0,16 0,34
E‘géo3i;ila‘8’tg'oaer°§'u°/ ; Raw milk cheese 026 014 041 037 027
P Yo CTUIG Pasteurized milk cheese 0,18 0,33 0,25 0,21 0,23

. . Retail curd cheese 0,13 0,23 0,41 0,33 0,21
5;9' 32*5”;er°ba“er'aceae Raw milk cheese 032 034 021 024 011
Guo CTUg Pasteurized milk cheese 0,11 0,24 0,18 0,21 0,00

. . Retail curd cheese 0,27 0,31 0,27 0,16 0,21
;'3/ ?C' Coliforms (logo  pow milk cheese 034 012 024 012 019
g Pasteurized milk cheese 0,22 0,30 0,00 0,00 0,00

. Retail curd cheese 0,21 0,23 0,41 0,29 0,34
5'09' 32};3/“3)""“3 andmolds oo\ milk cheese 032 040 044 039 042
G clurg Pasteurized milk cheese 016 032 0,30 033 018

. Retail curd cheese 0,16 0,21 0,23 0,11 0,13
;;g'h%lb fgfg”('lzse " ) Rawmilkcheese 023 020 020 023 021
phy GCU8) pasteurized milk cheese 030 034 0,17 020 0,20

Fig. 3f. Lactobacilli (lo Retail curd cheese 0,34 0,41 0,38 0,70 0,63
Cﬂ?/' 3 90 Raw milk cheese 030 050 0,36 047 026
9 Pasteurized milk cheese 0,22 0,21 0,44 0,44 0,33

. . Retail curd cheese 0,43 0,54 0,51 0,29 0,33
Efll?/ ?9' Lactacoceii{logur o il eheese 040 051 0,45 037 051
9 Pasteurized milk cheese 5,36 0,27 0,39 0,40 0,37
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4.Discussion and Conclusion

It is well known that factors such as breed, age, race, season,
diet of dairy animal are effective on the milk composition.
Also, milk composition and all the other applications of
cheese making are effective on the cheese characteristics
(19). Since the change made in each of these factors causes
significant changes in the cheese, so many cheese varieties
have been able to be produced. For production of a cheese
variety, the effects of many factors separately and/or in
combinations on its determinative characteristics have to be
taken into consideration during the process. The cheeses
traded must be produced in accordance with the standards
established by official regulations (5,11-13,43,46).

In the Herby Cheese Standard (43), it is stated that rate of
milk fat in dry matter has to be at least 45%, humidity at most
60% and salt at most 7.5%. The minimum, (average) and
maximum values of this cheese in the geographical indication
document of Van herby cheese are listed as follows: Dry
matter (%) 43.81 (46.78) 47.78, protein (%) 20.60 (22.17)
25.52, fat (%) 16.75 (17 .29) 19.21, ash (%) 5.07 (6.85) 7.45,
salt (%) 4.60 (5.73) 6.9. When it is classified in terms of %
Moisture (in fat free dry matter) in cheese standards, herby
cheese has been reported to be from the group of semi-hard
cheeses that fall between 57-64% (5). A fully demonstrated
process follow-up instruction for making herby cheese
including critic control points such as curd break point, press
end point, packaging point, and also critic limits such as
acidity, pH, dry matter, salt levels at the critic control points
has not been documented yet. Van herby cheese is currently
being produced and sold by many large companies in
Tiirkiye. However, we could have no information about their
production processes. It can be proposed that each company
is free for development its own process parameters and the
production is made in accordance with the regulations.
Although there are many scientific studies conducted on this
subject, a complete process definition has not yet been
revealed as a result of these studies. Also, this study is a
narrowly comprehensive study focused on the pasteurization
of sheep's milk only. It may be concluded for this situation
that a full scientific study is needed for documentation of a
complete herby cheese producing process.

In a study that we compared together with the findings of our
own study by previously made studies conducted on herby
cheeses, and it was revealed that most of the herby cheeses on
sale do not comply with the regulations (51). The production
and sale of these cheeses, which are traditionally produced by
local people, should be made in accordance with the
regulations. In our opinion, the most effective public health
measure that can be applied in the current conditions is to
prevent the production of raw milk cheese by producers who
do not comply with the Special Hygiene Rules Regulation for
Animal Food (11) and Microbiological Criteria Regulation
(12). 1t would be a good decision to impose the obligation to

pasteurize milk to such enterprises. Because in order to make
raw milk cheese, it is necessary to use the milk of animals free
from disease and ripening period have to be minimum 4 mo.
as mentioned in Cheese Regulation (13). Akyiiz and Kurt
(52) have reported in 1984 that primitive conditions should
be abandoned and production should be carried out in modern
factories.

Since we could not come across to a complete process
definition, we only followed regulatory parameters for
making Siirt herby cheese (5,11-13,43,46). In order for us to
take one of the previous studies as a reference, our other
parameters should have been similar to those in the reference
study. For this reason, we decided to use our own process
parameters and our own method with the condition of
complying with the regulations. So, pasteurisation of the bulk
milk was made at 72°C for 3 min. Coagulation was made at
35 °C for 40 min. The clot was cut into 1x1x1 cm as made by
Ocak et al. (38) and waited for 30 min for clot hardening. The
clot was added in a press cloth and the press material was put
on the curd for 60 min as make it standard for all the samples.
The press weight was determined as the rate of 70 % of total
weight of each portion milk used for making each part of the
curd samples. The press was applied 60 min before salting
and 90 min after salting to make a good drainage from the
curd samples. We applied dry salting to the crumbled curd
and salt was used at a 3% of curd weighed after the first
pressing. At the end of many preliminary studies, we realized
to follow the parameters of pH between 5.5-6.0 and lactic acid
between 0.3-0.5 in the curd before salting, minimum pH of
4.5 and maximum 1% lactic acid, humidity maximum 50%,
the protein minimum 20% and the fat minimum 20% in
cheese after 120 d of ripening. The parameters followed in
this study for making Siirt herby cheese has to be confirmed
in comparison with other process parameters that effect the
resultant cheese regulatory parameters.

According to the Regulation on supply of raw milk (53),
which is required for raw milk trade, animals must be free
from disease. Also, milk has to be cooled to 4°C and below
immediately after milking and the temperature during
transport should not exceed 4°C. The supply of raw milk to
the final consumer is carried out within 24 hours after
milking. If raw milk obtained from other species other than
cow's milk is to be used in the production of raw milk cheese
without any heat treatment, the TAMB grown at 30°C in per
ml of the milk have to be < 500,000 (11). Most of the herby
cheeses are made with the sheep’s’ milked in the highlands in
the form of herby cheese curd in Siirt. Raw milk curd is
produced by clotting the milk at milking temperature after
draining from strainer cloth. The drained curd is brought to
the provincial and district centres in sacks and then sold in the
same d or other d. Individuals or small outlet owners buy
these retail curds and process it into herby cheese for
household use or sale. It was determined in this study that the
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number of TAMB in the raw milk was as high as 6.77 log10
cfu/ml (Table 1). It can be difficult to obtain milk with the
desired bacterial load in existing sheep barns and by hand
milking. For these reasons, it is inevitable that the cheese
produced from raw milk or retail curd cheese. It has been
pointed out in previously made studies that Siirt herby cheese
on sale have not met the regulatory criteria (6,23,24,27,51).
We have also determined in this study that both raw milk and
retail curd may not ensure the minimum hygiene
requirements (Figure 3).

In this study, it was observed that acidity development
continued with pH decrease in the samples during ripening
(Figure 2a, 2b). This change occurred in the pasteurized milk
samples as well as retail curd and raw milk samples. Although
the microorganisms causing these changes were not
extensively investigated in this study, it was determined that
the numbers of lactic acid bacteria and lactic streptococci
increased in all three types of cheese during the ripening
period (Figure 3f, 3g). However, we did not used any
microbial culture for ripening, natural microbiota presented
in the samples or secondary contaminated microorganisms
could have pH and acidity development in all the samples.
Ripening microbiota in the pasteurized milk samples may
have came from the herbs used, and/or from raw milk flora
that survived pasteurization and/or microorganisms
transmitted by secondary contamination during cheese
making. In a previous study, the pH of herby cheese has been
stated to be decreased from 4.89 to 4.52 and the acidity (%,
lactic acid) increased from 0.62 to 1.05 during the 90-d
ripening period (54). Emirmustafaoglu and Cogkun have
demonstrated significant differences from goat’s cheese than
that of cow’s and ewes’ cheese (55).

Tuncturk et al. (21) have prepared cheese samples by both
raw milk and pasteurized milk. According to the changes
recorded in the ripening period, it has been reported that
difference in bulk milk do not adversely affect the products
chemical composition, and pasteurized milk cheeses have
been found to have harder structure. We also could not have
determined a difference between raw and pasteurized milk
samples. More research could be needed for making a net
decision on the matter.

Although the production methods of herby tulum cheese is
different, its composition and physical appearance are
resembling to Tulum (leather bottle) cheese. The humidity
rate has been regulated to be maximum 45% for full fat Tulum
cheese and maximum 50% for low-fat and fat-free Tulum
cheese (13). The minimum, (average) and maximum dry
matter (%) values in the Geographical Indication Certificate
of Van herby cheese are as follows: 43.81 (46.78) 47.78. In
an our previously made study and also in this study we
determined dry mater mean values close to 45% (Figure 2c)
(51). We experienced in this study that the cheese could be
more wet and sticky when the dry matter was as high as 60%.
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However, in the Herby Cheese Standard, humidity rate has
been regulated as maximum 60% (43). This value is the same
as the value of white cheese (13). It has been reported that
Van herby cheese is produced similarly to white cheese in
commercial production enterprises, the moisture rate in the
cheese is high, and therefore it would be more appropriate to
call these cheeses as herby white cheese instead of Van herb
cheese (20). Thus, dry matter or humidity regulations for
herby cheese could be reconsidered.

A maximum salt content in the dry matter of Tulum cheese is
regulated as 5% (13). It is understood that the salt in Tulum
cheese should be maximum 2.25%. Nevertheless, salt value
has been regulated as maximum 7.5% in the Herby Cheese
Standard (43), and also as 6.9% in the geographical indication
document for Van herby cheese. In this study, dry salting was
done by adding 3% of salt to the pressed curd as similar
manner as the traditional method. So, the salt ratios the cheese
samples have been determined to be higher than 2.25%. In
most of the previously made studies, the salt rate from the
retailed cheeses examined by us and other researchers have
been generally higher than 5% (51). Because in our face-to-
face interviews, people who produce herby cheese reported
that they need more salt to prevent the cheese from spoilage.
The salt content of the cheese at retail have to be decreased
for public health. The salt content has already been reduced
in other cheese varieties (13, 46).

In the Regulation on Turkish Food Codex Microbiological
Criteria (12), it has been reported that the number of
Enterobacteriaceae in pasteurized drink milk can be
maximum 10 cfu/ml as a hygiene criterion. There are no
coliform and coagulase positive staphylococcal values for
pasteurized milk in the Regulation. In this case, it could be
understood that these two microorganisms should not be
present in pasteurized milk. As can be seen in Table 1, the
numbers detected in all analysed microorganism were quite
high. It has been revealed in the studies that the products on
sale that are analysed have a high microorganism load and do
not comply with the standards (51). The TAMB count in raw
milk used in this study have been determined to be 6.77 log10
cfu/ml, and was higher than 500.000 / ml level which is stated
in the Regulation (11) and Regulation on Turkish Food Codex
Microbiological Criteria (12). Also, coagulase positive
staphylococci are allowed to be a maximum 103 cfu/g in in
Tulum cheese (12).

The total mesophilic aerobic bacteria, coliforms and yeasts
and molds counts determined in this study have not been
stated in the Regulation (12). These analyses were made for a
possibility of use in next process development studies. When
Table 1 and Figure 3 are comparatively examined, it could be
understood that the hygienic quality of the samples has been
improved by using pasteurized milk, since counts of
Enterobacteriaceae, coliforms and coagulase positive
staphylococci were lower than that of raw milk and retail curd
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cheese samples. The reason for the presence of
microorganism load in cheese samples above the standard
values reported above may be that the samples were made
with traditional methods. Drain cloth, strainer, utensils and
other materials used in the study were used without
sterilization and only by washing with tap water to mimic the
traditional way. Under controlled production conditions, it is
possible to reduce these values below the levels allowed in
the standards. For this, the milk must be pasteurized and the
materials used must be pasteurized or sterilized. The hygiene
of the coagulant used should also be checked. Starter culture
and/or ripening culture can be used to provide early acidity
development and pH reduction in cheese. However, new
studies are needed to obtain such microbial cultures.

Tungtiirk et al. (21) have made Van herby cheese by using
raw and milk and brine salted the samples. A decrease of 1
l0og10 cfu/g in the TAMB on the 30th d of the ripening period
has been documented. Also, coliforms (log10 cfu/g) has been
decreased from 7 to 5.41 on the 30th d, 3.85 on the 60th d,
2.45 on the 90th d and to uncountable level on the 120th d. In
this study, the initial bacterial levels were found to be high,
similar to the researchers' findings. In parallel to the findings
of the researchers, we were also determined high counts of
the microorganisms from the 1st d of the ripening. However,
unlike the findings of other researchers, it was observed in
this study that the numbers of coliforms and coagulase
positive staphylococci in the samples decreased to acceptable
levels (102-103 cfu/g) after 60th d of the ripening (Fig. 3d,
3f).

Yeasts and molds counts were found to be high in our study
and other previously made studies (Fig 3e) (51). When the
situation that the number of yeasts and molds gradually
increases during the ripening period is accepted as certain, it
may be necessary to bring a new interpretation with a new
perspective on the acceptance of this parameter as a criterion
in hygiene monitoring. More research on this subject should
be done to reveal the positive and negative aspects of yeasts
and molds growth.

As a result, the positive effect of pasteurization in terms of
hygiene assurance was determined. Hygiene may be difficult
for producing herby cheese by using retail curd or raw ewe's
milk. Regulative standards about moisture and salt content for
the herby cheese could be valuable if are revaluated. Since
not a fully informative regulatory or another published
process schematic has not been documented yet, initial
studies such as this study could be more valuable for future
studies. This study alone is not enough to propose process
parameters, critical control points and critical limits.
Nevertheless, accessing the following parameters can be
considered as the basic process parameters for further studies.
In the process development studies for Siirt herby cheese,
following parameters may be valuable to evaluate complex
studies including multi-variable parameters. By this way,

homogeneity of the future studies may be increased. Then,
making new inferences from the results of the studies may be
easier. We propose pH between 5.5-6.0 and lactic acid value
between 0.3-0.5 in curd before salting, minimum pH of 4.5
and maximum 1% lactic acid in cheese after 120 days of
ripening. For full-fat Tulum cheese, it would be appropriate
to develop an appropriate process so that the humidity is at
most 50%, the protein at least 20% and the fat at least 20%. It
may probably be the first time that these values, which are not
included in the regulations, are proposed by us.
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Ozet: Bu calismada, Kayseri ilinde mevcut olan birinci simf bir sigir mezbahasinda kesim hatti boyunca alinan orneklerde biyofilm
olusturma yetenegine sahip E. faecalis varlig1 ve izolatlar da biyofilm ile iligkili viriilans faktor genlerinin arastirilmast amaglandi. Caliymada,
kesimhaneden alinan toplam 300 adet 6rnekte (180 karkas, 48 bigak, 42 gengel, 6 testere, 6 deri bandi ve 18 mezbaha atik suyu) etkenin
varligi konvansiyonel yéntem ve PZR ile analiz edildi. {zolatlarin biyofilm olusturma yeteneklerini belirlemede Kongo kirmizisi agar ve
mikroplaka testi ve biyofilm ile iligkili viriilans genlerinin (gelE ve esp) tespitinde PZR kullanildi. Analiz edilen 300 6rnegin 40’indan
(%13.3) E. faecalis izole edildi ve bu izolatlarin 35 (%87.5) biyofilm olusturma yeteneginde idi. Biyofilm pozitif olan izolatlarin 33’iinde
(%82.5) gelE geni belirlendi ve bu izolatlarin biri (%2.5) esp genini de i¢eriyordu. Sonug olarak, ¢alismanin yapildigi kesimhane ortamindan
biyofilm olusturan E. faecalis’ lerin izole edilmesi kesimhanede fekal kontaminasyonun yaygin oldugunu gostermektedir. Dolayisiyla
kesimhanede hijyenik kosullarin iyilestirilmedigi taktirde karkaslarin E. faecalis ile ¢apraz kontaminasyon riski gida tedarik zincirinde 6nemli
bir endise kaynagi olabilir.

Anahtar Kelimeler: E. faecalis, Karkas, Mezbaha, Mezbaha atik suyu, Sigir

Biofilm Forming Capacity and Presence of Biofilm-Associated Virulence Genes of
Enterococcus faecalis isolates from Slaughterhouse Environments

Abstract: This study aims to investigate the presence of biofilm-producing Enterococcus and their biofilm-related virulence factor genes in
the slaughter line of a class A cattle slaughterhouse in Kayseri. A total of 300 samples (180 carcasses, 48 knives, 6 saws, 42 hooks, 6 skin
bands and surfaces, and 18 samples of slaughterhouse wastewater) were analyzed using conventional methods and PCR. The biofilm-forming
abilities of the isolates were determined using Congo red agar and microplate testing, and PCR was used to detect biofilm-associated
virulence genes (gelE and esp). E. faecalis was isolated from 40 (13.3%) of analyzed samples, of which 35 (87.5%) produced biofilms. The
gelE gene was detected in 33 (82.5%) biofilm-positive isolates, from which one (2.5%) contained also esp gene. In conclusion, this study
determined the presence of biofilm-positive E. faecalis among the samples taken from a slaughterhouse in Kayseri province, and the
relationship between virulence genes and biofilm formation. In conclusion, the isolation of biofilm-forming E. faecalis from the
slaughterhouse environment indicates that fecal contamination is common in slaughterhouses. Therefore, if hygienic conditions in the
slaughterhouse are not improved, the risk of cross-contamination of carcasses with E. faecalis can be a major concern in the food supply
chain.

Keywords: E. faecalis, Carcass, Cattle, Slaughterhouse, Slaughterhouse wastewater

1.Giris

https://dergipark.org.tr/tr/pub/bozokvetsci

Insan ve hayvanlarin dogal biotasinin yani sira bitki, toprak,
deniz ve atik su gibi bir¢ok yerde bulunan Enterococcus
spp., olumsuz c¢evre kosullarina karst olduk¢a dayanikli
Gram pozitif bakterilerdir. Enterococcus spp,. gidalarda
hijyen indikatorii olarak kullanilmalarina ilaveten bazi
tiirleri de bakteriyosin iiretim yeteneklerinden dolay:r gida
endiistrisinde starter kiiltiir olarak kullamlmaktadir (1,2).
Normal biotanin firsatg1 patojenleri olan Enterococcus
faecalis (E. faecalis) ve Enterococcus faecium (E. faecium)
klinik 6rneklerden ve gidalardan yaygin olarak izole edilen
tirlerdir (2-4). Enterococcus spp.’nin neden oldugu

nozokomiyal enfeksiyonlarin yaklasik % 90’mindan E.
faecalis, %10’undan E. faecium’ un sorumlu oldugu rapor
edilmistir (1,2,5). Enterococcus spp.’nin patojenitesini
etkiyen en Onemli faktorlerden biri biyofilm olusturma
kabiliyetidir.  Biyofilm tabakasi icerisinde bulunan
mikroorganizmalar1 konak immiinolojik yanitlarindan,
fagositozdan ve antibiyotiklerden koruyarak hastaliklar
komplike hale getirir (6) ve serbest bakterilerden 10-1000
kat daha fazla antimikrobiyal diren¢ gelistirebilirler (7).
Nozokomiyal enfeksiyonlarin = %65'inden fazlast ve
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bakteriyel enfeksiyonlarin % 80'inin biyofilm olusturabilen
bakterilerden kaynaklandig: bildirilmistir (8).

Enterococcus spp.’nin  patojenitesin  de  agregasyon
maddeleri (agg, asal), sitolizin (sil), jelatinaz (gelE), hiicre
dis1 ylizey proteini (esp), endokardit antijenleri (efaAfs ve
efaAfm), kollajene yapisma (ace, acm) gibi viriilans faktorler
onemli rol oynamaktadir (1,3,4).

Bu viriilans faktorlerden jelatinaz ve hiicre dis1 yiizey
proteinlerinin, etkenin biyotik ve abiyotik ylizeylere
kolonize olmasini  saglayarak  biyofilm

destekledigi bildirilmistir (7,9,10).

olusumunu

Fekal Enterococcus tiirleri mezbahalarda hayvansal gida
driinlerini  kontamine edebilir. Bu bakteriler 6zellikle
hayvanlarin gastrointestinal sisteminde yasadiklar igin
kesim sonrasi deri yilizme, i¢ organ g¢ikarma gibi islemler
sirasinda  karkasi kontamine edebilir (11,12). Kayseri
mezbahalarmin ¢ogunda deri yiizme ve i¢ organ ¢ikarma
islemlerinin olarak  gerceklestirilmesi  fekal
kontaminasyon riskini artirmaktadir. Bu ¢alismada, Kayseri
ilinde bulunan birinci smf kesimhanede sigir kesim
hattindan alman orneklerde mezbahanin hijyenik kalitesini
yansitan bakterilerden E. faecalis varligi, elde edilen

manuel

Tablo 1: Caligma siiresince farkli mezbahalarda yapilan 6rnekleme

izolatlarin biyofilm olusturma yetenekleri ve biyofilm
olugumu ile iligkili viriilans faktor genleri arastirildu.

2. Materyal ve Metot

Kayseri ilinde birinci smuf kombina olarak faaliyette
bulunan biiyiikbag hayvan kesimhanesine birer aylik
periyotlarla 10 Mart- 10 Agustos 2022 tarihleri arasinda
yapilan ziyaretlerde toplam 300 6rnek toplandi (Tablo 1).
Swap ornekleri soguk zincir altinda en kisa siire igerisinde
laboratuvara getirildi ve Enterococcus faecalis varlig
yoniinden analiz edildi.

Karkastan alinan swap 6rnekleri, karkasin son yikamasindan
sonra ISO standardi 17604'e gore alindi. Kisaca, segilen her
bir yarim karkasin dort bolgesinden (boyun, dos, yan ve
sagr1) steril kare plastik bir sablon kullanilarak, yaklasik 100
cm?lik bir alandan (toplam: 400 cm?) drnekleme yapildi
(13). Alet ve ekipman (bigaklar, yarma testeresi, ¢engel) ve
yilizey oOrnekleri, Stuart Besiyerli Swab (BTR, Ankara)
kullamlarak yaklasik 10 cm?lik bir alandan alinmigtir (14).
Atik su ornekleri ise kesimi takiben aseptik kosullarda steril
plastik tiipler igerisinde 50 mL hacminde olacak sekilde
toplandi (Tablo 1).

Mezbaha Ziyaret Donemlerinde ahnan Ornek Sayisi

Alman Ornek Total ornek Sayis1
Mart Nisan Mayis Haziran Temmuz Agustos
Karkas Yiizey 30 30 30 30 30 30 180
Ekipman ve Yiizey 17 17 17 17 17 17 102
Bigaklar 8 8 8 8 8 8 48
Testere 1 1 1 1 1 1 6
Cengel 7 7 7 7 7 7 42
Deri Band1 1 1 1 1 1 1 6
Atik Su 3 3 3 3 3 3 18
300

2.1. Enterococcus spp. izolasyonu

Analiz edilecek Ornekler ilk asamada Enterococcosel
Broth’ta (Becton Dickinson, ABD) 35+1°C’de 24 saat
inkiibe edildi. Inkiibasyon siiresi sonunda kiiltiirden 0.1 mL
Enterococcosel agara (Becton Dickinson, USA) ekim
yapilarak 35+1°C’de 24-48 saat inkiibasyona birakildi. Besi
yerinde iireyen siipheli koloniler secgilerek Gram boyama ve
biyokimyasal (katalaz ve %6,5 NaCl’de biiyiime) testlerle
dogrulandiktan sonra izolatlar molekiiler analizlere tabii
tutuldu (15).

2.2. DNA Ekstraksiyonu

[zolatlarin DNA ekstraksiyonu Genomik DNA izolasyon
Kiti (InstaGene™ Matrix, BIO-RAD, ABD) kullanilarak kit
protokoliiniin 6ngdrdiigii sekilde gerceklestirildi.
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2.3. Enterococcus spp. ve E. faecalis Identifikasyonu

Enterococcus spp. izolatlarinin dogrulanmasi ve E.
faecalis'in identifikasyonu igin sirasiyla Sanderson ve ark.
(16), Delibas ve Turkyilmaz (17) tarafindan belirtilen klasik
PZR teknigi kullamldi. Reaksiyon karisimi; toplam hacim
50 pL olacak sekilde 1xPCR buffer, 0.2 mM dNTP miks, 2
mM MgCl;, 1.5 U Taq DNA polimeraz, her bir primerden
10 pmol ve 5 pL DNA’dan olustu. Calismada kullamlan
primer dizilimleri ve PZR kosullar1 Tablo 2’de belirtildi
(16,17).
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Tablo 2: Calismada kullanilan primerler ve PZR kosullart

Baz Biiyiikliigii

Hedef Gen Primer Dizilimi (5°-3°) (bp) PCR kosullar: Kaynak
95°C’de 10 dk.
Enterococcus s s3sRNA  GAGAAATTCCAAACGAACTTG % 95°C’de 15 sn. Sanderson ve
Us Spp- CAGTGCTCTACCTCCATCATT 60°C*de 1 dk. 40s ark., (2019)
72°Cde 1 dk.
94°C’de 3 dk.
94°C’de 1 dk. Delibas ve
. CACCTGAAGAAACAGGC o
E. faecalis ddle. faecaiis ATGGCTACTTCAATTTCACG 475 ggog,g: } g]]i} 30s Tu?;%/lllg;az,
72°C’de 7 dk
Gajewska ve
. ACC CCG TAT CAT TGG TTT 95°C’de 3 dk.
Jelatinaz gele ACG CAT TGC TTT TCC ATC 419 95°C*de 30 sn. a['i"\*/ e(zaof)
56°C’de 30 sn. 35s (2019)
Viizey oroteini espfs TTGCTAATGCTAGTCCACGACC 033 72°C’de 1 dk. Meto ve ark
ye P GCGTCAACACTTGCATTGCCGAA 72°C’de 10 dk 0017

2.4. izolatlarin Biyofilm Ozelliklerinin Belirlenmesi

Calismada elde edilen izolatlarin biyofilm olusturabilme
kabiliyetleri, Kongo Red Agar (CRA) yontemi ve Mikroplak
Yontemi ile analiz edildi (8,18).

2.5. Kongo Kirmizih Agar Yontemi

Elde edilen E. faecalis CRA’ya yayma plak teknigi ile
ekildikten sonra 35+1°C’de 24 saat inkiibasyona birakildi.
Inkiibasyon siiresi sonunda, kuru kristalize siyah koloniler
olusturan izolatlar biyofilm pozitif, kirmiz1 veya pembe
renkli koloni olusturan izolatlar ise biyofilm negatif olarak
degerlendirildi (8,18,19).

2.6. Mikroplak Yontemi

Bu yontemde 96 oyuklu diiz tabanli steril polistiren plakalar
iizerinde E. faecalis izolatlarmin biyofilm olusturma
yetenekleri test edildi. Kisaca, izolatlar %2 glikoz igeren
Tryptic Soy Broth (TSB, Merck, Almanya) 35+1°C’de 18-
24 saat inkiibe edildi. Daha sonra kiiltiirler %2 glikoz iceren
taze TSB icinde 1:100 seyreltildi. Her bir izolatin
seyreltilmig kiiltiirlinden 100 pL diiz tabanl bir polistiren
mikrotitre plakasinin (Sigma Aldrich, Darmstadt, Almanya)
kuyucuklarina ilave edildi ve 35+£1°C’de 24 saat inkiibe
edildi. Calismada sadece TSB iceren kuyucuklar negatif
kontrol, TSB ve biyofilm kabiliyeti olan Staphylococcus
epidermidis ATCC 35984 igeren kuyucuklar ise pozitif
kontrol olarak kullamildi. Inkiibasyondan sonra her bir
kuyucuk ti¢ kez 300 pL fosfat tampon salin soliisyonu (PBS;
pH 7.2) yikand1. Daha sonra 100 pL %]1’lik kristal viyole ile
boyanarak 30 dakika bekletildikten sonra kuyucuklar steril
distile su ile ii¢ kere yikanarak oda sicakliginda kurumaya
brrakildi.
sabitlenmesi i¢in kuyucuklara 150 pL %99 etanol ilave
edildi ve kuyucuklarin optik dansitesi (OD) 570 nm'de
ELISA (Thermo-Scientific, Waltham, ABD) cihazinda

Kurutma islemini takiben yapisik hiicrelerin
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olgiildi (18,19). Elde edilen OD degerleri “cut off” (sinir)
degerlerinin doéniisiimleri de esas alinarak degerlendirildi.
Sinir degerleri negatif kontroliin ortalama OD'sinin g
standart sapma fazlasi olarak degerlendirildi (20).

2.7. Biyofilm Olusumu ile iliskili Viriilans Faktérlerinin
Belirlenmesi

Calismada izole edilen izolatlar da biyofilmle iligkili olarak
esp ve gelE virilans genlerinin varligim daha Onceki
caligmalarda (7,18,21) yaymlanmis spesifik primerler ve
prosediirler kullanilarak gerceklestirildi. Bu amagla PZR
kartigimi 12.5 pL 2X PCR master miks-DreamTaq Green
PCR (Thermo, ABD), her bir primerden 0.5 pL (10 pmol),
9.5 pL steril saf su ve 2 uL template DNA ile 25 pL toplam
hacimde olacak sekilde hazirlandi. Amplifiye PZR {iriinleri
%1,5'lik agaroz jelde 120 V’ta 45 dk elektroforez (EC250-
90, Thermo, ABD) isleminden sonra, UV jel goriintiileme
sistemi (Biorad Gel Doc XR, ABD) ile degerlendirildi.

3. Bulgular

Calisma kapsaminda analiz edilen 300 6rnegin 212’si (%
70.6) konvansiyonel yontemle Enterococcus spp. olarak
belirlendi. Bu izolatlara uygulanan PZR y6nteminde ise 212
ornegin 177’si (% 83.5) Enterococcus spp. olarak konfirme
edildi (Resim 1). Bu izolatlarin 72’si (% 40.6) mezbaha atik
sularmdan, 65’1 (% 36.7) karkas, 14’4 (% 7.9) bigak, 10’u
(% 5.6) deri bandi, 8’1 (% 4.5) cengel ve 81 (% 4.5)
testereden elde edildi.

Calismada ziyaret edilen mezbahada cesitli kaynaklardan
izole edilen 177 Enterococcus spp. izolatinin 40’1 (% 22.5)
E. faecalis olarak identifiye edildi (Resim 2).

Elde edilen E. faecalis izolatlarinin 18’i (% 100) mezbaha
atik sularina, 13’1 (% 7.2) karkas, 9’u (% 8.8) ekipman ve
yiizey Orneklerine aitti. Analiz edilen 40 E. faecalis
izolatinm 35’1 (% 87.5) biyofilm olusturma yetenegi




Giingér ve ark.

Bozok Vet Sci (2023) 4, (1): 12-17

sergiledi. Bu izolatlardan 33’1 (% 82.5) jelatinaz kodlayan
gelE genini tasiyordu ve bu izolatlardan bir tanesinde (%

Tablo 3: Analiz edilen 6rneklerde E. faecalis dagilimi ve 6zellikleri

2.5) esp proteini kodlayan esp geni de mevcuttu (Tablo 3).

E. faecalis Izolatlarinin Biyofilm Yapma

izole Edilen

Biyofilm ile iliskili Genleri

. Kabiliyeti (%0) Varhgi (%)
Analiz Edilen Ornek E. faecalis
Oranv/ (%
ram/ (%) CRA MPT gelE espfs
G o]

Karkas (n=180) 13(7.2) 13 (100) 4 (30.7) 7 (53.8) 12 (92.3) -
Mezbaha Atik Suyu (n=18) 18 (100) 14 (77.7) 5 (27.7) 11(61.1)  14(77.7)
Ekipman ve Yiizey (n=102) 9 (8.8) 8 (88.8) 6 (66.6) 2 (22.2) 7(77.7) 1(11.1)
Bigak (n=48) 2 (4.1) 2 (100) - 2 (100) 2 (100) -
Cengel (n=42) 2(4.7) 2 (100) 1 (50) - - -
Testere (n=6) 2(33.3) 2 (100) 2 (100) 2 (100)
Deri Bandi (n=6) 3 (50) 2 (66.6) 3 (100) - 3(100) 1(33.3)
Toplam (n=300) 40 (13.3) 35 (87.5) 15 (37.5) 20 (50) 33(82.5) 1(2.5)

4. Tartisma ve Sonug¢

Enterococcus tiirleri arasinda, E. faecalis hayvansal kaynakl
gida iriinlerinde en ¢ok izole edilen tiirdiir. Hayvansal
kaynakli gidalardan ¢ig etin etken ile kontaminasyonu daha
¢ok mezbahalardaki kesim islemleri esnasinda yetersiz
hijyen uygulamalar1 ile meydana gelmektedir (2,11). Bu
nedenle kesim islemi sirasinda yenilebilir karkas dokularinin
capraz kontaminasyonu Onemli bir gida giivenligi riskini
temsil eder (11,12). Daha 6nce yapilan calismalarda birgok
hayvansal gida 6rneginde E. faecalis izolasyonu yapilmistir
(1,10,17,19,22,23). Fakat mezbaha ortaminda Enterococcus
spp.’nin varlig1 ile ilgili ¢alismalar sinirlidir. Bu ¢aligmada
mezbahada analiz edilen 6rmeklerin %83.5’1i Enterococcus
spp. porzitif olarak belirlendi. Bu ¢alismada test edilen
orneklerde Enterococcus spp.’nin pozitiflik oranimin yiiksek
olmas1 ¢alismamin gerceklestirildigi mezbahada hijyen
kosullarimin yetersiz oldugunu goéstermektedir. Calisilan
orneklerin etken ile kontaminasyonu; kesim, deri ylizme, i¢
organ c¢ikarma ve etin iglenmesi sirasinda kotii hijyen
uygulamalar1 nedeniyle meydana gelebilir (12). Bu
calismada elde edilen sonuglar ile uyumlu olarak Aslam ve
ark. (24), Lawniczek-Walczyk ve ark. (25), Schlegelova ve
ark. (26) mezbaha ve et isletmelerinde analiz edilen
orneklerin sirastyla % 87, % 72 ve % 66’sinda Enterococcus
spp. izole etmislerdir. Buna karsilik Wambui ve ark. (12) ve
Mansour ve ark. (27)’un mezbaha 6rneklerinde rapor etmis
oldugu sirasiyla % 25 ve % 12’lik Enterococcus spp.
pozitiflik orani bu ¢alisma sonucuna gore oldukca diisiiktii.

Lawniczek-Walczyk ve ark. (25) rapor ettikleri orana benzer
olarak (% 25), bu ¢alismada elde edilen Enterococcus spp.
izolatlarinin % 22.5’i (analiz edilen 6rneklerin % 13.31) E.

15

faecalis olarak belirlendi. Fakat Wambui ve ark. (12), Aslam
ve ark. (24)’nin mezbaha izolatlarindan elde ettikleri %
41,8, % 83’lik E. feacalis pozitiflik oran1 bu g¢alisma
sonucundan yiiksekti. Buna karsilik, Mansour ve ark. (27)
tarafindan rapor edilen E. faecalis izolasyon orani (% 6.7)
bu ¢alisma sonuglarindan diisiiktii.

Sunulan ¢alismada analiz edilen karkas Orneklerinde
belirlenen % 7.2 E. faecalis izolasyon orani, Klein ve ark.
(28), Chingwaru ve ark. (22), Aslam ve ark. (24),
Schlegelova ve ark. (26), Wambui ve ark. (12), Golob ve
ark. (1), Lawniczek-Walczyk ve ark. (25) ve Giirkan ve ark.
(19) tarafindan bildirilen (sirasiyla % 87, % 57.2, % 90, %
45, % 41.8, % 85., % 90 ve % 45) orandan diisiik iken
Mansour ve ark. (27) tarafindan bildirilen orandan (% 2)
yiiksekti. Ayrica Telli ve ark. (29) analiz ettikleri karkas
Orneklerinin hig¢ birisinde E. faecalis tespit edemediklerini
bildirmislerdir. Calismalar arasindaki bu farkliliklar, cografi
konum, numune alma mevsimi, 6rnek biiyiikliigii, izolasyon
yontemindeki farkliliklar ile iligkili olabilir. Mezbahada
kullanilan ekipmanlardaki oran degerlendirildiginde bu
calisma ekipman ve ylizey Orneklerinin % 8.8’inde E.
faecalis izole edildi. Aslam ve ark. (24) mezbahadaki
konveyorlerin % 83 oraninda, Wambui ve ark. (12)
bicaklarin % 16.7, Lawniczek-Walczyk ve ark. (25) ve
Schlegelova ve ark. (26) ise yiizey ve ekipman 6rneklerinin
sirastyla % 72 ve % 78 oraninda E. faecalis tespit
etmislerdir. Bu c¢alisma sonuglari ile uyumlu olarak, daha
once yapilan g¢alismalarda mezbahada kullanilan alet ve
ekipmanlarin hayvansal gida {retiminde halk saglig
acisindan Onemli bir kontaminasyon kaynagt oldugunu
bildirmislerdir (30,31). Calismada analiz edilen mezbaha




Giingér ve ark.

Bozok Vet Sci (2023) 4, (1): 12-17

atik sularinin tamamindan E. faecalis izole edildi.
Mezbahalarda kesimden kaynaklanan atik sulari yiiksek
miktarda igerdikleri lipitler ve proteinler gibi organik
bilesiklerden dolay1 patojenlerin gelismesi i¢in ideal
ortamlardir (31, 32).  Yapilan literatlir taramalarinda
mezbaha atik sulari ile ilgili ¢ok simirli galismalardan
Mansour ve ark. (27) mezbaha atik sularinda % 4, Igbinosa
ve Raje (32) % 52,6, Ighinosa ve ark. (33) ise % 25.6
oraninda E. faecalis izole etmislerdir. Bu sonuglar, mezbaha
atiksularmin  E. faecalis i¢in 6nemli bir kontaminasyon
kaynagi olacagim gostermektedir. Dolayisiyla, aritilmamis
veya yetersiz artilmis atik sularin ¢evreye salinimi veya
tarimsal sulamada kullanilmasi halk sagligi agisindan
potansiyel bir risk olabilir (34,35).

Calisma kapsaminda elde edilen E. faecalis izolatlarinin %
87.5’1 biyofilm olusturma yetenegine sahipti. Benzer
sekilde, Igbinosa ve ark. (33) mezbaha ortamindan izole
ettikleri E. faecalis izolatlarimn tamaminin biyofilm
olusturma yetenegine sahip oldugunu rapor etmislerdir.
Lawniczek-Walczyk ve ark. (25) et tesisinden izole ettikleri
E. faecalis izolatinin % 43"iniin biyofilm olusturma
yeteneginin oldugunu rapor etmislerdir. Yine Azizi ve ark.
(36) klinik izolatlardan, Anderson ve ark. (10), Wozniak-
Biel ve ark. (37) ve Giirkan ve ark. (19) gidalardan izole
ettikleri E. faecalis izolatlarinin sirasiyla, % 76, % 39, %
100 ve % 16.6’simnin biyofilm olusturma yetenegine sahip
oldugunu bildirmislerdir. Giiniimiizde, patojenik bakterilerin
biyofilm olusturma yetenegi Onemli viriilans faktorleri
arasinda sayilmaktadir (25,38). Anderson ve ark. (10) ve
Azizi ve ark. (36) ve Igbinosa ve ark. (33) tarafindan yapilan
calisma sonuglarina benzer sekilde, bu calismada biyofilm
pozitif 35 E. faecalis izolatlar1 arasinda 33’4 (% 82.5)
jelatinaz kodlayan gelE genini tastyordu ve bu izolatlardan
bir tanesinde (% 2.5) esp proteini kodlayan esp geni de
mevcuttu. Di Rosa ve ark. (39), Azizi ve ark. (36) ve Ozkok
ve ark. (9) esp viriilans faktér geni ve biyofilm olusumu
arasinda pozitif bir iliski oldugunu bildirmislerdir.
Tsikrikonis ve ark. (40), Soares ve ark. (41) ve Azizi ve ark.
(36) biyofilm olusumu i¢in gelE geninin 6nemli bir role
sahip oldugunu ve bu genlerin varliginin biyofilm olusumu
ile 6nemli oranda iliskili oldugunu bildirmislerdir.

Sonug olarak, bu ¢alismada Kayseri ilindeki kesimhaneden
aliman tiim 6rnek tiirlerinde biyofilm olusturma yetenegine
sahip E. faecalis'i varhigi ve biyofilm olusumunun viriilans
faktor genleri ile iliskili oldugu belirlendi. Kesimhane
ortaminda fekal kontaminasyon indikatorii olan E.
faecalis’lerin bulunmasi, kesim hattinda hijyenik kosullarin
yetersiz oldugunu orta koymaktadir. Ayrica, izole edilen E.
faecalis izolatlar1 biyofilm yapma yetenekleri sayesinde,
kontamine ylizeyler ve et yoluyla besin zincirinde kolayca
yayilarak insanlara bulasabilir ve dolayisiyla gida giivenligi
ve halk sagligi acisindan 6nemli bir risk olusturabilir. Bu
nedenle, kesimhanelerde E. faecalis ile kontaminasyon
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riskini Onlemek ya da azaltmak igin, hijyenik kosullarin
iyilestirilmesi gereklidir. Bu amagla kesim hattinda GMP ve
HACCP sistemleri etkin bir sekilde uygulanmali, kesimhane
personeline hijyen egitim verilmeli ve atik sular 6zenle
aritildiktan sonra kanalizasyona verilerek olast ¢evre
kirlenmesi 6nlenmelidir.
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Ozet: Bu cgalismada, cesitli gida kaynakli patojen bakterilerin biyofilm olusturma yeteneklerinin belirlenmesinde Kongo Kirmizis1 Agar’in
(KKA) duyarliligini ve 6zgiilliiglinii mikroplak (MP) yontemi ile kiyaslanarak belirlemek amaglandi. Calisma kapsaminda, gesitli gida ve
¢evre drneklerinden elde edilen 36 Staphylococcus aureus, 30 Listeria spp., 35 Escherichia coli ve 34 Salmonella spp. olmak {izere toplam
135 izolatin biyofilm olusturma yetenekleri KKA ve MP yontemleri kullamlarak belirlendi. iki yontemin sonuglar1 arasindaki uyum Kappa
uyum katsayist hesaplanarak arastirildi. Incelenen izolatlarm %51.1°inin KKA’da, %53 {iniin ise MP’de biyofilm iirettigi tespit edildi
(P>0.05). Listeria spp. S. aureus, E. coli ve Salmonella spp. izolatlarinin sirasiyla KKA’da %60, %97,2, %11.4 ve %35.2°ii; MP’de ise
%56.6, %100, %22.8 ve %32.3’1i biyofilm pozitif olarak tespit edildi (P>0.05). KKA ydntemi sadece S. aureus’da yiiksek duyarliliga (%97)
sahip bulunurken; diger suslarda duyarlilik daha diisiik bulundu. Ozgiilliik degerleri Listeria spp.’da %39, Salmonella spp.’da %59 ve E.
coli’de %89 olarak tespit edildi. Bu degerler MP yonteminde elde edilen degerlerden daha yiiksekti. Sonug olarak, KKA yonteminin
duyarliliginin bakteri tiiriine gore degiskenlik gosterdigi; bu nedenle bakterilerin biyofilm olusturma yeteneklerinin tespit edilmesinde KKA
ve MP yontemlerinin birlikte uygulanmasinin yararli olacagi kanaatine varildi.

Anahtar Kelimeler: Biyofilm, Gida patojenleri, Kongo kirmizisi agar, Mikroplak

Comparison of the Efficacy of Congo Red Agar in Detection of Biofilm Forming Abilities of
Various Foodborne Pathogenic Bacteria

Abstract: In this study, the sensitivity and specificity of Congo Red Agar (CCA) were compared with Microplate (MP) method to assess the
biofilm-forming abilities of various foodborne pathogenic bacteria. A total of 135 isolates (36 Staphylococcus aureus, 30 Listeria spp., 35
Escherichia coli, and 34 Salmonella spp.) obtained from different food and environmental samples were examined. The agreement between
the results obtained from the two methods analyzed using the Kappa coefficient of agreement. The findings showed that 51.1% of the isolates
tested positive for biofilm formation using CCA, while 53% tested positive using MP (P>0.05). When considering individual bacterial
species, the percentages of biofilm-positive isolates were 60% for Listeria spp., 97.2% for S. aureus, 11.4% for E. coli, and 35.2% for
Salmonella spp. using CCA, and 56.6%, 100%, 22.8%, and 32.3% using MP, respectively (P>0.05). The CCA method exhibited high
sensitivity (97%) specifically for S. aureus, while its sensitivity was lower for other bacterial strains. The specificity values were 39% for
Listeria spp., 59% for Salmonella spp., and 89% for E. coli, which were higher against the MP method. Therefore, it was concluded that the
sensitivity of the CCA method varied depending on the bacterial species, suggesting that the combined application of CCA and MP methods
would be beneficial in determining the biofilm-forming abilities of different bacteria.

Keywords: Biofilm, Congo red agar, Food pathogens, Microplate

1.Giris

https://dergipark.org.tr/tr/pub/bozokvetsci

Biyofilmler, bir yiizeye veya birbirine tutunarak kendi
irettikleri bir ekzopolisakkarit (EPS) matriks igine
gomiilmiis mikroorganizma topluluklaridir. EPS’nin yapisin
polisakkaritler, proteinler, glikolipidler ve hiicre dist DNA
(eDNA) olusturmaktadir (1). Biyofilm matriksinin yapisinda
%97 su, %2-5 oraninda mikrobiyal hiicre, %1-2 polisakkarit,
%1-2 protein, %1-2 DNA ve RNA bulunmaktadir (2, 3).
Biyofilm olusumunun ilk asamasinda, mikroorganizmanin
fimbriya veya flagella gibi uzantilariyla bir yiizeye

tutunurlar. Ortamda yeteri kadar besin maddesi var ise
bakteri hiicresi, tutundugu yiizeyde koloni olusturmaya
baglar. Bu asamada  ortamda  bulunan  diger
mikroorganizmalarda es zamanli olarak koloni olusturur.
flerleyen asamalarda, mikrokoloniler salgiladiklar1 EPS
yapist igerisinde topluluk olusturarak karakteristik {i¢
boyutlu biyofilm yapist ile olgun biyofilme doniistirler.
Biyofilm yapist igerisinde, popiilasyonunun artmasi, besin
kaynag1 eksikligi ve oksijen yetersizligi gibi rekabet
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faktorlerine bagli olarak kopmalar geceklesir. Kopan
planktonik hiicreler yeni biyofilm odaklar1 olusturabilir (2,
3). EPS’nin  yapisinda  bulunan  polisakkaritler;
mikroorganizmalarin  yiizeye tutunmasi ve biyofilm
olusumundan, proteinler; biyofilm olusturan bakteriler
arasindaki  iletisimin  saglanmasindan,  glikolipidler;
mikroorganizmalarin  viriilans  6zellikler edinmesinden,
eDNA; bakteri hiicreleri arasinda yatay gen transferi ve
biyofilm toplulugunun {i¢ boyutlu bir yap1 gelistirmesinden
sorumludur (4, 5). Mikroorganizmalarin hayatta kalmalar
icin gelistirdikleri en Onemli stratejilerden biri olan
biyofilmin = graminda  yaklasik 108-1011 hiicre
bulunmaktadir (6). Biyofilm matriksi igerisinde yer alan
EPS’ler bir bariyer gorevi gorerek mikroorganizmalari
dezenfektan, antibiyotik, UV 1sin1, konak immiin yanit1 ve
diger dis etkenlere karsi korumaktadir (7).

Biyofilmdeki mikroorganizmalar, planktonik durumdaki
mikroorganizmalara gdre antibiyotiklere yaklagik 1000 kat
daha direngli olabilir (8, 9). Biyofilm igindeki
mikroorganizmalar arasinda plazmidler aracihigi ile
gerceklesen horizontal gen transferi, veya
antibiyotik diren¢ genlerinin yayilmasina neden olmaktadir

viriilans

(10). Bakteriyel enfeksiyonlarin %60'indan fazlasi biyofilm
olusumu fenomeni ile iligkili oldugu tahmin edilmektedir
(11). Gida iiretim ve depolama alanlari, 6zellikle et ve siit
isletmeleri, yaglar, proteinler ve karbonhidratlar acisindan
zengin atik icermelerinden otiirli mikrobiyal tutunma ve
biyofilm olusturma agisindan uygun ortamlardir. Patojen
mikroorganizmalar, gida isletmelerine ait yiizeylere (tahta,
cam, paslanmaz metal, plastik) tutunup kalict hale gelerek
onemli bir kontaminasyon kaynagi olmaktadir (12). Gida
isletmelerinde, gida ile temas eden metal ylizeylerde
biyofilm olusumu, korozyon ve tikanmalara sebep vererek
isleme prosediiriiniin aksamasina ve gida giivenligi ile
kalitesinde ciddi sorunlara neden olur (13,14). Bir¢ok Gram-
pozitif patojen bakteri (Listeria spp, Staphylococcus aureus,
S. epidermidis) ve Gram-negatif patojen bakteri (E. coli,
Klebsiella pneumoniae ve Salmonella spp.) biyofilm
olusturma yetenegine sahiptir (15-20).

Biyofilm olusumunu tespit etmek i¢in doku kiiltiirii plakasi
(Tissue culture plate, TCP), tiip yontemi (Tube method,
TM), Kongo kirmizi agar (KKA), mikroplak (MP) yontemi,

floresan  mikroskobik inceleme, taramali elektron
mikroskobu (scanning eleciron microscope, SEM), konfokal
lazer taramali mikroskop (confocal laser scanning

microscope, CSLM) ile inceleme gibi cesitli teknikler
kullanilmaktadir. SEM ve CSLM teknikleri biyofilm
yapisinin varligint ve ii¢ boyutlu yapisini goriintiilemede
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kullanilmaktadir ancak pahali ve kantitatif degerlendirmede
zaylf kalmaktadir. Biyofilm yapisini kristal viyole boyama
yolu ile gerceklestirilen yontemlerde (TCP, TM, MP) ise
tekrarli yikama asamalar1 sonucu hiicre kaybi ve biyofilm
yapisint olumsuz etkilemesi gibi dezavantajlarina karsin
ucuz ve kantitatif olarak iyi sonu¢ vermektedir. KKA
yontemi ise kolay ve ucuz bir yontem olmasina karsin
kantitatif 6l¢iim saglayamamaktadir (21-23).

Biyofilm yetenegine sahip patojen bakteriler ile ilgili
risklerin 6nlenmesine yonelik en énemli agamalardan birisi
etkenin erken ve hizli tespitidir. Bu c¢aligmada, gida
endiistrisinde halk sagligi agisindan risk olusturan onemli
patojenlerden Gram pozitif (Staphylococcus aureus ve
Listeria spp.) ve Gram negatif (Escherichia coli ve
Salmonella  spp) Dbakterilerinin ~ biyofilm  olusturma
yeteneklerinin belirlenmesinde ucuz ve kolay bir yontem
olan KKA’nin duyarlilik ve 6zgiilligiiniin arastirilmasi ve
sonuclarin  MP  yonteminden elde edilen sonuglarla
karsilagtirilmasi amaglandi.

2. Materyal ve Metot
2.1 Bakteriler

Bu calismada Erciyes Universitesi Veteriner Fakiiltesi,
Veteriner Halk Sagligi Anabilim Dali Laboratuvart kiiltiir
koleksiyonunda bulunan 135 adet izolat (36’s1 S. aureus,
35’i E. coli, 30’u Listeria spp., ve 34’ii Salmonella spp.)
kullanildi (Tablo 1). Calismaya dahil edilen tiim izolatlar,
PZR analizi ile S. aureus, E. coli, Salmonella spp. ve
Listeria spp. izolatlar1 sirasiyla nuc, trpA, invA ve iap
genlerinin varliklar sirasiyla Ertas ve ark. (24), Clermont ve
ark (25), Rahn ve ark. (26) ve Al ve ark. (27) tarafindan
belirtilen primer ¢iftleri kullanilarak dogrulandi. Bu amagla,
%10 gliserollii Brusella broth igerisinde -20°C’de muhafaza
edilen izolatlar, kanli agara ekilerek 37 °C’de 24 h inkiibe
edilerek, saf kiiltiirleri elde edildi. Inkiibasyon siiresi
sonunda izolatlarin DNA’lar1 Genomik DNA Izolasyon Kiti
(InstaGene™ Matrix-7326030, Bio-Rad, ABD) kullanilarak
kit protokoliine gore ekstrakte edildi. Reaksiyon karigimi;
toplam hacim 25 pL olacak sekilde 12,5 pLL 2x Dream Taq
Green PCR Master Miks (Thermo scientific™-K1081,
ABD), 6 uL niikleaz icermeyen su, her primerden 1 pL ve 2
pl DNA olacak sekilde hazirlandi. PCR Reaksiyonu,
94°C'de 3 dk ilk denatiirasyon asamasini takiben 35 siklus
94°C'de 30 s denatiirasyon, 52.9-59 °C’de (nuc: 55°C, trpA:
59°C, invA: 53°C ve iap: 52.9°C) 30 s baglanma, 72°C'de 1
dk uzatma asamalar1 tamamlandiktan sonra, 72°C'de 2 dk
son uzatma olarak gerceklestirildi.
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Tablo 1. izolatlarin elde edildigi ortam ve kaynaklar

Bakteri Tiirii Orneklemenin Yapildig: Yer

izole Edilen Kaynak Ornek Sayisi

L Mezbaha
Listeria spp.

Karkas
Bigak

Konveyor

Atik su

Mandira

5
4
Sucuk 4
1
3

Siit

E. coli Mezbaha

Salam

Karkas
Bigak

Cengel

Mezbaha
Salmonella spp.

Bigak

Sigir Derisi

5
2
3
Konveydr 3
4
6

Karkas

Mandira

Taze Peynir

Mezbaha

Cengel
Bigak

Karkas

S. aureus

Mandira

Taze Peynir

Kasar Peyniri

Siit

Yogurt
Siit Tank1

N| 00 oo N O | N P W

Zemin

Toplam

2.2. Calismada kullanilan Referans Suslar

Izolatlarin biyofilm olusturma yeteneklerinin
belirlenmesinde, pozitif kontrol olarak giiglii biyofilm
olusturan S. epidermidis ATCC 35984, negatif kontrol
olarak ise biyofilm olusturmayan S. epidermidis ATCC
12228 susu kullanildi.

2.3. lzolatlarin Biyofilm Olusturma Kabiliyetlerinin
Belirlenmesi

Bu amagla, bakterileri kolonilerinin morfolojisinin renk
degistirmesine gore biyofilm olugumunun tespit edildigi
kalitatif bir yontem olan Kongo kirmizisi agar (KKA) ve
kantitatif bir yontem olan mikroplak (MP) yontemleri
kullanild1.
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2.3.1. Kongo Kirmuzis1 Agar Yontemi

Izolatlarin  biyofilm yapabilme o6zelliklerinin ~fenotipik
olarak degerlendirilmesi amaciyla Freeman ve ark. (28)
tarafindan bildirilen yonteme gére KKA besiyeri kullanildi.
Bu amagla, litresinde 50 g sakkaroz, 37 g Brain Heart
Infusion (BHI, Merck 70138, Almanya) agar ve 0,8 g kongo
kirmizis1 (Merck 101340, Almanya) olacak sekilde besiyeri
hazirlandi. Calisma kapsaminda kullanilan izolatlar, pozitif
ve negatif kontrol suslari KKA besiyerine yayma plak
teknigi ile ekildikten sonra 37°C’de 24 saat inkiibasyon
stiresinin sonunda koloni morfolojisine gore degerlendirilen
petriler oda 1sisina almarak 24 saat sonra tekrar
degerlendirildi. Kuru opak siyah ve koyu kirmizi-siyah
renkli koloniler biyofilm pozitif, pembe-kirmizi koloniler ise
biyofilm negatif olarak degerlendirildi. Salmonella spp.
izolatlarinda ise kuru-piiriizlii kirmizi, kahverengi ve pembe
renkli koloniler biyofilm pozitif, diiz ve beyaz koloniler ise
negatif olarak kabul edildi. Kongo kirmizisi agar yontemi
her izolat i¢in ii¢ tekrarl olarak uyguland.
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2.3.2. Mikroplak Yontemi

Izolatlarin biyofilm {iretiminin kantitatif dl¢iimii, Stepanovi¢
ve ark. (29) tarafindan bildirilen mikroplak yontemi ile
yapildi. Izolatlar, %2 glikoz (Merck 108342, Almanya) ilave
edilen Triptik Soy Broth (TSB, Merck 105459, Almanya)
icerisinde 37°C’de 24 saat inkiibe edildi. Inkiibasyon
sonunda kiiltiirden 0,5 McFarland standardinda (~ 1x 108
kob/mL) bakteri siispansiyonlart hazirlandi. Daha sonra diiz
tabanli steril mikroplaklarin kuyucuklarina her bir bakteri
siispansiyonundan 100 puL ve 100 pL TSB ilave edilerek
37°C’de 24 saat inkiibe edildi. Inkiibasyon siiresi sonrasinda
plakalarin igerikleri bosaltild1 ve 200 pL fizyolojik tuzlu su
ile ¢ kez yikanarak kurumaya birakildi. Daha sonra her
kuyucuga 200uL %99°lik etanol ilave edilerek 15 dakika
siire ile biyofilm yapan bakteriler fikse edildi. Fiksasyon
islemini takiben kuyucuklar bosaltilip plakalar ters
gevrilerek kurutuldu. Kurutma islemi sonrasinda kuyucuklar
hazirlanan %?2’lik kristal viyole (Merck 101408, Almanya)
¢Ozeltisi ile 5 dakika siire ile boyandiktan sonra distile su ile
yikanarak kurumaya birakildi. Tutunan boyalarin ¢dziinmesi
amaciyla kuyucuklara %33’lik glasiyal asetik asitten 160uL
eklendi. Kuyucuklarin optik dansitesi (OD) ELISA okuyucu
(MultiskanFC-51119000, Thermo, ABD) kullanilarak 570
nm'de Olgiildii. Calismada sadece steril TSB igeren
kuyucuklar negatif kontrol, giiclii biyofilm kabiliyetine
sahip S. epidermidis ATCC 35984 inokule edilen TSB
iceren kuyucuklar ise pozitif kontrol olarak kullanildi. Her
izolat i¢in analiz li¢ kez tekrarlandi ve sonuglar ii¢ analizin
ortalamasi alinarak hesaplandi. ELISA cihazinda, her bir
izolat igin elde edilen OD’ler, negatif kontrol kuyucuklar
icin asagida belirtildigi gibi hesaplanan cut off” (sinir)
degerleri ile karsilastirilarak biyofilm varligi ve derecesi
belirlendi:

ODc= negatif kontroliin ortalama OD’si + (3 x SD negatif
kontrol)

OD < ODc: Biyofilm negatif
ODc <OD < 20Dc: Zayif biyofilm
20Dc <OD < 40Dc: Orta diizey biyofilm

40Dc <OD: Giiglii biyofilm
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2.4. istatistiksel Analiz

KKA besiyerinin etkinliginin degerlendirilmesinde, MP
yontemi referans yontem olarak kullanildi (30). Test edilen
izolatlarinin biyofilm olusturma o6zellikleri ile ilgili olarak
MP ile KKA’dan elde edilen sonuglar arasindaki farklilik
Pearson Ki kare testi ile degerlendirildi (31). Iki yontem
arasindaki uyum Cohen’in kappa katsayisi hesaplanarak
belirlendi (30). Veri analizlerinde elde edilen p<0.05 degeri
istatistiksel olarak anlaml1 olarak kabul edildi. Istatistiksel
analizlerde Jamovi 2.3 paket programi kullanmildi. KKA
yonteminin duyarlilign ve 6zgilliigli ise asagida belirtilen
formiiller kullanilarak hesaplandi (32):

Duyarlilik = Dogru Pozitiflik / (Dogru Pozitiflik + Yanls
Negatiflik)

Ozgiillik = Dogru negatiflik / (Dogru negatiflik + Yanls
pozitiflik)

Dogru pozitiflik: Her iki yontemde de biyofilm pozitif olan
Ornek sayis1

Dogru negatiflik: Her iki yontemde de biyofilm negatif olan
Ornek sayis1

Yanlig pozitiflik: MP yonteminde negatif, KKA yonteminde
pozitif ¢cikan Srnek sayisi

Yanlis negatiflik: MP yonteminde pozitif, KKA y6nteminde
negatif ¢cikan 6rnek sayisi

3. Bulgular

KKA yontemine gore incelenen 135 adet izolatin 69
(%51)’u siyah koloni olugturdu ve biyofilm pozitif, 66
(%A49)’s1 ise seffaf/pembe renkli koloniye sahipti ve negatif
olarak degerlendirildi (Sekil 1). MP yontemine gore ise test
edilen izolatlarin 72 (%53)’si biyofilm pozitif, 63 (%47)’d
biyofilm negatif olarak tespit edildi. Biyofilm pozitif
izolatlarin 22 (%30.6)’si giiclii, 22 (%30.6)’si orta ve 28
(%38.8)’1 zay1f biyofilm iiretme yetenegi gosterdi (Sekil 2).
Ayrica, analiz edilen 135 izolatin 47 (%34.8)’si her iki
yontemde de biyofilm olusturma yetenegi sergiledi. Bu
verilere gore, izolatlarin biyofilm olusturma yeteneklerinin
tespitine yonelik uygulanan yontemler arasinda istatistiksel
olarak anlamli bir fark bulunmadigi belirlendi (P>0.05).
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Sekil 1. Biyofilm pozitif izolatlarin kongo kirmizisi agar ve
Mikroplak goriintiileri. A; Biyofilm pozitif izolatlarin kongo

kirmizis1 agarda goriiniimt: 1; Listeria spp., 2; E. coli, 3; S.

aureus, 4; Salmonella spp.

Gram pozitif bakterilerden Listeria spp. ve S. aureus
izolatlarinin sirasiyla 18 (%60)’1 ve 35 (%97.2)’i KKA
besiyerinde; 17(%56.6)’s1 ve 36 (%100)’s1 MP’de biyofilm
pozitif idi. Listeria spp izolatlarinin 10 (%33.3) unda ve S.
aureus izolatlarmin 34 (%94.4)’inde her iki yéntemin
sonuglart uyumlu bulundu. Gram negatif bakterilerden E.
coli ve Salmonella spp. izolatlarinin sirasiyla 4 (%11.4)’i ve
12 (%35.2)’si KKA’da; 8 (%22.8)’i ve 11 (%32.3)’1 ise

Orta Diizey Biyofilm

Zayif Biyofilm

Biyofilm Negatif
Giiglii Biyofilm

Sekil 2. Kristal viyole ile boyanmis mikroplaklarda farkli

yogunlukta biyofilm olusumu

Tablo 2. Analiz edilen izolatlarin biyofilm olugturma 6zellikleri

MP’de biyofilm fiireticisi olarak tespit edildi (Tablo 2).
Uygulanan her iki testte de E. coli izolatlarimin sadece biri
(%2.9) ve Salmonella spp. izolatlarinin ise 9’u (%26,5)
biyofilm pozitif olarak uyumlu sonu¢ verdi. Calisma
kapsamindan biyofilm iireticisi olarak belirlenen izolatlarin
cogunlugu karkas eti (KKA’da %41.7, MP’de %33.3) orjinli
idi.

izolatlarin Biyofilm Yapma Kabiliyetleri (%)

Analiz Edilen Tiirler

MP
KKA
Total Zayif Orta Giiglii

- Listeria spp. (n=30) 18 (%60) 17 (%56.6) 16 (%94.1) 1 (%5.9) -
8
g & S. aureus (n=36) 35 (%97.2) 36 (%100) 1 (%2.8) 14 (%38.9) 21 (%58.3)
- E. coli (n=35) 4 (%11.4) 8 (%22.8) 5 (%62.5) 2 (%25) 1 (%12.5)
s 3
[ 1l
o ° Salmonella spp. (n=34) 12 (%35.2) 11 (%32.3) 6 (%54.5) 5 (%45.5) -

Toplam (n=135) 69 (%51.1) 72 (%53.3) 28 (%38.8) 22 (%30.6) 22 (%30.6)

n: Numune sayisi, KKA: Kongo Kirmizist Agar, MP: Mikroplak

KKA yonteminin duyarlilik oranlart Listeria spp., E. coli,
Salmonella spp., ve S. aureus i¢in sirastyla %59, %13, %17
ve %97 olarak bulundu. Yontemin gercek pozitifleri ayirma
diizeyi olarak ifade edilen 6zgiilliik oranlar1 ise Listeria spp.,
E. coli ve Salmonella spp. igin sirastyla %39, %89 ve %59
olarak tespit edildi. S. aureus izolatlarinin tamami (%100)
MP yonteminde pozitif olarak belirlendigi icin istatistiksel
olarak ozgiilligi belirlenemedi. Cohen’in kappa katsayisina
(x) gore her iki yontemin sonuglarinin uyumlulugu, Listeria
spp. ve Salmonella spp. i¢in koétii (x <0), E. coli ve S. aureus
i¢in ise dnemsiz olarak (0.01<k <0.2) belirlendi (Tablo3).
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4. Tartisma ve Sonu¢

Patojenik mikroorganizmalarin gida ve gida ile temas eden
ylizeylerde biyofilm olusturmasi, gida tesislerinde
mikrobiyal kontaminasyon riskini arttirarak insan sagligin
etkileyen cesitli gida giivenligi sorunlarina neden olmaktadir
(1,26-28). Daha o6nce yapilan birgok c¢alismada, gesitli
hayvansal gidalardan izole edilen L. monocytogenes, S.
aureus, E. coli ve Salmonella spp. tiirlerinin biyofilm
olusturma 6zellikleri rapor edilmistir (15-20). Bu ¢aligmada,
gida kaynakli bazi patojen bakterilerin biyofilm olusturma
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yetenekleri  ve  biyofilm  olusturma  yeteneginin
belirlenmesinde kullanilan KKA ve MP tekniklerinin
etkinligi ve uyumu karsilagtirmali olarak arastirildi. Analiz
edilen S. aureus, E. coli, Listeria spp., ve Salmonella spp.
izolatlarimin biyofilm pozitiflik oram1 %11.4 ve %97.2
arasinda  degigkenlik gosterdi. Calismada duyarlilik
acisindan test edilen mikroorganizmalarin  biyofilm
dretimini saptamada kullanilan her iki yontemden elde
edilen sonuglarin benzer oldugu goriildii. Analiz edilen
izolatlarin %51’inin KKA’da, %53’{i MP testinde biyofilm
pozitif olarak belirlendi. Analiz edilen izolatlarin %34.8’1
her iki testte biyofilm pozitif 6zellik gosterdi.

Test edilen S. aureus izolatlarmin %35’ KKA’da, %36’s1
MP’de ve %94.40 her iki yontemde de biyofilm pozitif
olarak tespit edildi. Benzer sekilde, Shakya ve ark. (36),
sigir mastitisine sebep olan 20 MRSA izolatinin, KKA’da
%25 ve MP’de %45’inin biyofilm pozitif oldugunu
bildirmislerdir. Jain ve Agarwal (37), biyofilm tespit
yontemlerini kiyasladiklar calismalarinda analiz ettikleri 84
adet S. aureus izolatinin %79’unun MP ile ve %75’inin
KKA ile biyofilm pozitif sonu¢ verdigini rapor etmislerdir.
Yine, Kirmusaoglu (22) analiz ettigi S. aureus izolatlarinin
%40’ min  KKA’da pozitiflik gosterirken, %51’inin MP
testinde pozitif sonu¢ gosterdigi bildirdi. Bu ¢alisma
sonuglart ile uyumlu olarak, daha once yapilan birgok
calisma hayvansal kaynakli gidalardan izole edilen S. aureus
izolatlarinin ¢esitli derecelerde biyofilm yapma yetenegine
sahip oldugu tespit edilmistir (15,34,36-38). Kowalska ve
ark. (39)’'min ¢alisma sonuglarina benzer olarak, analiz
edilen izolatlarm 9%58.3’lnlin giigli biyofilm yapma
yetenegine sahipti Buna karsin Uyanik ve ark. (34), Chen ve
ark. (40) ve Giingdr ve ark. (41) S. aureus izolatlarinin
genellikle zayif biyofilm iireticisi oldugunu bildirmislerdir.
Bu calismada, Listeria spp. izolatlarinin %94.1°4 zayif
biyofilm olusturma yetenegine sahipti ve KKA, MP ve her
iki testte izolatlarin biyofilm pozitiflik oranlari sirasiyla
%60, %56 ve %33.3 olarak tespit edildi. Daha dnce yapilan
birgok ¢aligmada da mezbaha ve gida kaynakli Listeria spp.
izolatlariin biyofilm &zelliklerinin belirlenmesinde MP
yontemi kullanilmis olunup, orta ve zayif diizeyde biyofilm
olusturdugu rapor edilmistir (34,39,47,48). Davarpanah ve
Bialvaei (49) analiz ettikleri 23 L. monocytogenes izolatinin
%86.95 ve %91.3 liniin sirastyla KKA ve MP yontemlerinde
biyofilm pozitif oldugunu gostermislerdir.

E. coli izolatlarinin ¢ogunlugu (%62.5) daha 6nceki ¢aligma
sonuglart (17, 34, 39, 50, 51) ile uyumlu olarak zayif
biyofilm fireticisi olarak tespit edildi. Analiz teknikleri
kiyaslandiginda, E. coli izolatlarimn 4 (%11.4)’4, 8
(%22.8)’1 ve biri (%2.9) swrasiyla KKA, MP ve her iki
yontemde biyofilm olusturma yetenegine sahipti. Benzer
sekilde Onmaz ve ark., (52) baliktan elde ettikleri E. coli
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izolatlarinin %24’tiniin KKA’da ve %36’simin MP testinde
biyofilm pozitif oldugunu bildirmistir. Kanatli etinden izole
edilen E. coli izolatlarinin degerlendirildigi bir ¢aligmada ise
pozitiflik oraninin KKA’da %72, MP’de ise %94 oldugu
tespit edilmistir (53). Jain ve Agarwal., (37) bu ¢alismadan
farkli olarak, analiz ettikleri 30 E. coli izolatimin biyofilm
olusturma yetenegini belirlemede KKA ydnteminde %90 ve
MP yonteminde %70 biyofilm pozitiflik rapor etmislerdir.
Salmonella  spp. izolatlarimin  biyofilm  olusturma
yeteneklerinin  arastirildign  ¢alismalar  incelendiginde,
Amrutha ve ark. (56), Aksoy (57) ve Cufaoglu ve ark. (58)
analiz ettikleri Salmonella izolatlarimin giiglii biyofilm
olusturdugunu gostermislerdir. Benzer sekilde, bu ¢aligmada
da izolatlarin %54.5’1 gigli ve %45.5’1 orta diizeyde
biyofilm olusturma yeteneginde oldugu tespit edildi.
Acikalin (59) ile Uyamk ve ark. (34) ise bu calisma
sonuglariin aksine, analiz ettikleri kanatli etlerinden izole
ettikleri Salmonella izolatlarinin biyofilm negatif oldugunu
tespit etmislerdir. Bu galismada, analiz edilen Salmonella
spp. izolatlarin %35.2 ve %32’sinin sirasiyla KKA ve MP
testinde biyofilm pozitif oldugu ve 9 (%26.5) izolatin her iki
testte de uyumlu sonug verdigi belirlendi. Aksoy (57) analiz
ettigi 20 Salmonella izolatinin %94 ve %100’{iniin sirastyla
KKA’da ve MP de biyofilm pozitif olarak tespit etmistir.
Amrutha ve ark. (56) ise gida kaynakli Salmonella spp.
izolatlariin  biyofilm pozitiflik oraninin KKA ig¢in
%350’sinin MP testi i¢in ise %75 olarak bildirmislerdir.

Bu calisma sonuglart MP yontemine kiyasla KKA
yonteminin S, aureus izolatlarimin biyofilm olusturma
Ozelliklerinin saptanmasinda yiiksek duyarlilikta (%97)
olmasma karsin, Listeria spp. izolatlarinda iyi duyarlilik
(%59) ve diisiik ozgiillige (%39) sahip oldugunu gosterdi
(Tablo 3). Bu veriler S. aureus’ un biyofilm yeteneginin
belirlenmesinde KKA’nmin giivenilir bir yontem oldugunu
fakat, Listeria spp.’ler igin bu yontemin tek bagina
kullanilmasinin yanlis pozitiflik veya yanlis negatiflige
neden olabilecegini gostermektedir (42). Bu c¢alisma
sonuclarma benzer sekilde, daha oOnce yapilan baz
caligmalarda, S. aureus’larin  biyofilm  yeteneginin
belirlenmesinde  kullamlan  tekniklerden = KKA’nin
duyarliliginin  yiiksek oldugu rapor edilirken (37,38);
bazilarinda ise bu yontemin duyarliligmin diisiik oldugu ve
giivenilir olmadigi one siiriilmiistiir (42-45). Melo ve ark.
(38) test ettikleri S. aureus suslarinin biyofilm olusturma
ozelliginin belirlenmesinde KKA yonteminin duyarliligin
%86 olarak belirlemislerdir. Arastirmacilar KKA’mn S.
aureus’un biyofilm 6zelliginin tespit etmesinde istatistiksel
olarak onem arz ettigini; ancak, MP ydnteminin duyarlilik
acisindan daha hassas oldugunu bildirmislerdir (36).
Dhanawade ve ark. (46)’da molekiiler analizlerle MP ve
KKA yontemlerinin arasinda pozitif bir korelasyon
oldugunu gostermislerdir.
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Tablo 3. Kongo kirmizisi agar yonteminin duyarlilik ve 6zgiillikk oranlar

Krit Listeria spp. (%095 E. coli Salmonella spp. S. aureus
riter

GA) (%95 GA) (%95 GA) (%95 GA)
Duyarlilik* 0.59 (0.33-0.82) 0.13(0.01-0.53) 0.17 (0.02-0.48) 0.97 (0.85-0.99)
Ozgiilliik** 0.39 (0.14-0.68) 0.89 (0.71-0.98) 0.59 (0.36-0.79) -

Cohen’in Kappa katsayis1
(K) *kx

Pearson Ki-Kare

-0.03 (-0.38-0.33)

X2=0.02 p=0.880

0.02 (-0.30-0.33)

X?=0.01 p=0.914

-0.25 (-0.54-0.05) 0.00

X?=1.12 p=0.289 -

GA: Giiven aralig1, *Gergek negatif olanlar ayirma diizeyi, ** Gergek pozitif olanlar1 ayirma diizeyi, ***1ki yontem arasindaki
uyumun belirlenmesinde k degeri; <0’dan kotii, 0.01 ile 0.20 arasi1 dnemsiz, 0.21 ile 0.40 arasi zayif, 0.41 ile 0.60 aras1 orta, 0.61

ile 0.80 aras1 iyi, 0.81 ile 1.00 arasi ¢ok iyi diizeyde

Gram  negatif bakteriler icin bu iki yOntem
karsilastirildiginda; KKA yonteminde duyarliliklar diisiik
olmasina ragmen o&zgiilliiklerinin iyi oldugu belirlendi.
Duyarlilik oranlar1 E. coli ve Salmonella spp. izolatlar1 igin
sirastyla %13 ve %17, ozgiilliikleri ise %89 ve %59 olarak
hesaplandi. Bu sonuglara benzer bir sekilde Hassan ve ark.
(21) yaptiklart c¢alismada KKA’nin E. coli izolatlarinin
biyofilm 6zelliklerini degerlendirmesinde duyarliligini %11
ve Ozgilliigiini ise %92 olarak bildirdi. Benzer bir sekilde
Fazel ve ark (54) P. aeruginosa ve E. coli izolatlarinda KKA
sonuglarinin duyarliliklarint %50 ve 6zgiilligiini ise %71
olarak belirledi. Bu caligma ve daha once yapilan ¢alisma
sonuglari, KKA’nin E. coli ve Salmonella spp. izolatlarimin
biyofilm ozelligini tespit etmesinde ger¢ek negatifleri
ayirma diizeyinde zayif, gergek pozitifleri ayirmada ise iyi
oldugunu gosterdi (21,55). Bu bulgular, KKA y&nteminin
duyarlihigmin diisitk olmasi nedeni ile E. coli ve Salmonella
spp. tirlerinde tek bagina kullanilmasi durumunda
sonuglarin yanhs degerlendirilmesine neden olabilecegi
sonucuna varildi. Fakat ozgiilliklerinin iyi olmasi, bu
yontemin MP yOntemini tamamlayict bir test olarak
kullanilmasinin uygun olacagini gostermektedir (36).

Sanchez Jr ve ark. (55)’in bildirdigi gibi, bu ¢alismada
belirlenen biyofilm olusumunun hem bakteri tiirlerine hem
de izolatlara (sus ve/veya serotip) bagli oldugunu gosterdi.
Analiz edilen izolatlardan her iki yontemde de biyofilm
iretme kabiliyeti en fazla S. aureus’larda en az ise E.
coli’lerde tespit edildi. Bu durum analiz edilen E. coli
izolatlarinin biiyiik ¢cogunlugunda flagella antijen ve flagella
ile iligkili genin (fliCH7) bulunmadigini disiindiirdi.
Verstraeten ve ark. (60) ve Vazquez-Sanchez ve ark. (61),
biyofilm olusumu ve patogenezinin zorunlu olarak
bakterilerin hareketliliklerini sergilemelerini gerektirdigini
gostermistir.  Mikroorganizmalarin ~ biyofilm  olusturma
yetenegi cevresel faktor (bakterilerin ylizeye tutunmasinda
sicaklik ve pH'm etkisi vb.) ve bakterinin kendisine bagl
(ylizey yiiki, hidrofilite, yiizey enerjisi ve organeller vb.)
oldugu bildirilmistir (58, 62, 63).

24

Caligmada, izolatlarin ¢ogunlugunun biyofilm olusturma
yeteneklerinin pozitiflik dagiliminin MP yontemine kiyasla
KKA testlerinde farklilik gostermesi, KKA besiyerinde
koloni  morfolojisinin ~ kromojenik  degerlendirmeye
dayanmasi; dolayist ile kalitatif ve subjektif olmasi ile
iligkilendirilebilir (64).

Sonug olarak, bu ¢alismada mezbaha ve mandira orjinli gida
kaynakli patojen bakterilerden E. coli, Listeria spp. S.
aureus ve Salmonella spp. izolatlarinin farkli derecelerde
biyofilm yapma kabiliyetine sahip oldugu belirlendi.
Biyofilm iiretme yetenegi, bakterilerin isletme ortamda uzun
stireli kaliciligini etkileyen énemli bir faktordiir ve ciddi bir
halk sagligi sorunu olmasinin yansira teknolojik siireclerde
aksamalara neden olarak ekonomik kayiplara neden olabilir.
Bu nedenle gida endiistrisinde bulunabilecek patojenlerin
insan sagligina yonelik riskleri azaltmak igin biyofilm
iiretme potansiyelinin arastirtlmast énemlidir. Bu ¢alismada
KKA yonteminin MP’ye kiyasla S. aureus haricindeki diger
bakterilerde diisiik duyarlilik fakat daha yiiksek o6zgiilliige
sahip oldugu; bu nedenle, MP yonteminin de tamamlayici
bir test olarak KKA yontemi ile kullanilmasinin bulgularin
giivenirligini artiracagi sonucuna varildi.
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Abstract: In this study, it was aimed to investigate the heavy metal (Al, Ag, As, Cd, Co, Cr, Cu, Fe, Hg, Ni, Pb, Se, V, Zn) accumulations in
the muscles of freshwater fish retailed in the Kayseri region by inductively coupled plasma mass spectrometry (ICP-MS). For this purpose, a
total of 91 edible freshwater fish, including 37 Cyprinus carpio, 27 Sander lucioperca, 6 Tinca tinca, 5 Esox lucius, 4 Squalius cephalus, 5
Copeata tinca, 3 Silurus glanis, and 4 Oncorhynchus mykiss species, were used. Statistical analyses such as principal component, cluster, and
correlation analysis were done to evaluate the obtained data. The order of mean concentrations (mg kg wet wt.) of metals in all fish meat
samples were Al (204) > Zn (10.2) > Fe (6.43) > Cu (0.666) > Hg (0.589) > Ni (0.556) > Pb (0.497) > Cr (0.396) > Ag (0.291) >Se (0.144) >
As (0.074) > Co (0.043) > Cd (0.037) >V (0.027). Hg, Cd, and Pb concentrations in some samples exceeded the permissible legal limits,
whereas As concentrations was lower than maximum allowable limits. Ninety-one fish samples were categorized into five categories by
principal component analysis (PCA) with Eigenvalues higher than 1.00. Cluster analysis results showed that the pollution with metal pairs
analyzed might be from similar sources. In conclusion, in this study in some fish samples, the levels of some toxic elements (Hg, Cd, and Pb)
were higher than permitted legal limits. Therefore, it could be suggested that the consumption of these fish might pose a hazard for public
health.

Keywords: Freshwater fish, Heavy metals, HCA, ICP-MS, PCA

Kayseri Bolgesinde Perakende Satis1 Yapilan Tath Su Balik Tiirlerinde Agir Metallerin
Birikimi: Toksik Metallerin Potansiyel Halk Saghgi Tehlikesi

Ozet: Bu calismada, Kayseri bolgesinde perakende satisi yapilan tatli su baliklarinin kaslarinda agir metal (Al, Ag, As, Cd, Co, Cr, Cu, Fe,
Hg, Ni, Pb, Se, V, Zn) birikimlerinin indiktif eslesmis plazma kiitle spektrometresi (ICP-MS) ile arastirilmasi amaglandi. Bu amagla 37 adet
Cyprinus carpio, 27 adet Sander lucioperca, 6 adet Tinca tinca, 5 adet Esox lucius, 4 adet Squalius cephalus, 5 adet Copeata tinca, 3 adet
Silurus glanis ve 4 adet Oncorhynchus mykiss tiirii olmak {izere toplam 91 yenilebilir tatli su bahig kullamldi. Elde edilen verileri
degerlendirmek i¢in temel bilesen, kiime ve korelasyon analizi gibi istatistiksel analizler yapildi. Tiim metallerin numunelerdeki derigimleri
(mg kg! yas agirlik) sirasiyla; Al (204) > Zn (10.2) > Fe (6.43) > Cu (0.666) > Hg (0.589) > Ni (0.556) > Pb (0.497) > Cr (0.396) > Ag
(0.291) > Se (0.144) > As (0.074) > Co (0.043) > Cd (0.037) > V (0.027) idi. Baz1 numunelerdeki Hg, Cd ve Pb derisimleri yasal limitleri
agarken, As derigimleri izin verilen maksimum limitlerin altindaydi. Temel bilesen analizine gére (PCA), 91 balik drnegi 6zde gerleri 1.00'den
yiiksek olan bes kategoriye ayrildi. Kiime analizi sonuglari, analiz edilen metal ciftleri ile kirliligin benzer kaynaklardan olabilecegini
gosterdi. Sonug olarak, bu ¢alismada bazi balik 6rneklerinde bazi toksik elementlerin (Hg, Cd ve Pb) seviyeleri yasal izin verilen limitlerin
tizerinde bulundu. Bu nedenle, bu baliklarin tiiketilmesinin halk saglig1 agisindan tehlike olusturabilecegi sonucuna varildi.

Anahtar Kelimeler: Tatli su baligi, Agir metaller, HCA, ICP-MS, PCA

https://dergipark.org.tr/tr/pub/bozokvetsci

1.Introduction

Many kinds of industrial wastes, traffic, and agricultural
activities lead to freshwater pollution, of which the most
important and common are heavy metals. However, fish are
known to be bio-indicators for heavy metals in aquatic
ecosystems. In other words, fish tissue tends to amass heavy
metals (1,2). Contamination of water resources by heavy
metals constitutes significant threats for ecosystem safety

and aquatic organisms and human health. When heavy
metals are accumulated in water, they can be transferred to
the food chain, and it might pose a public health risk due to
their ability to bioaccumulate, toxicity, and the fact that they
cannot be eliminated from the body (3-6).

The toxic metal level in fish depends on fish age, size
(length and weight), sex, dietary habit, location, amount of
time exposed to the elements, and environmental conditions
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(water chemistry, salinity, hardness, temperature, and
contaminants) (3, 5, 7). Metals can be classified as necessary
for different physiological and biochemical functions
(copper, zinc, selenium, iron, cobalt, magnesium,
manganese, molybdenum, nickel, chromium, vanadium) and
potentially toxic (arsenic, cadmium, lead, mercury, and
silver) (8-10). Fish are important foodstuff for their ability to
collect different elements in their muscles (4). However,
because they tend to lose salts and gain water, freshwater
fish are exposed to heavy metal accumulation more than
marine fish (11). Several studies about metal contamination
in fish muscles have been reported using different analytical
techniques, such as atomic absorption spectrometry (AAS)
(4,5,10), chemical vapor generation-atomic fluorescence
spectrometry (CVG-AFS) (12), inductively coupled plasma-
optical emission spectrometry (ICP-OES) (13, 14) and
recently there is limited data about heavy metal pollution in
fish muscles by inductively coupled plasma-mass
spectrometry (ICP-MS) (10, 15, 16). ICP-MS, known as a
reliable method for multi-element analysis in food samples
and used to identify the sample groups of the measured
variables, are hierarchical clustering analysis (HCA) and
PCA (17).

This study was designed i) to detect the Al, Ag, As, Cd, Co,
Cr, Cu, Fe, Hg, Ni, Pb, Se, V, and Zn levels of eight edible
freshwater fish species in Kayseri city of Tiirkiye by ICP-
MS, ii) to realize PCA, HCA, and correlation analyses by
datum obtained from fish meat samples, and iii) to
investigate the relationships among heavy metal
concentrations in fish meats.

2. Materials and Methods
2.1. Instrumentation

An ICP-MS instrument (ICP-MS Agilent 7500a, Agilent
Technologies, Tokyo, Japan) equipped with an autosampler
was used in this study. The instrumental conditions were
radio frequency power 1300 W, sample depth 7.6 mm;
torch-H-0.5 mm, torch-V 0.7 mm, carrier gas 1.13 L min?,
auxiliary gas flow rate 0.9 L min, plasma gas flow rate 15
L min?, nebulizer pump 0.12 rps, spray chamber
temperature 2°C, and interface cones of nickel. Before each
experiment, the instrument was tuned for daily performance
using the Agilent ICP-MS tuning solution of 10 ug L™* (Ce,
Co, Li, Tl, and Y). ICP-MS was applied for 2’Al, 51V, 53Cr,
56|:e, 59C0, 60Ni, 63Cu, 66Zn, 75AS, 82391 1°7Ag, mCd, 2°2Hg,
208pp determinations in standards and the digests of the
analyzed samples. A Berghofmws-4 microwave system
(Berghof Speedwave MWS four digestion system,
Germany) with closed Teflon vessels was used for
microwave digestion of the samples.

2.2. Reagents

The reagents used in the experiment were analytical grade.
Ultra-high purity (UHP) water (18.2 MQ cm) was used to
prepare all solutions. A multi-element calibration standard
solution of 10 ug mL? (Agilent Technologies, USA) was
applied to prepare multi-element standard solutions. A
mixed standard solution of Rh, Sc, and Bi of 200 ug L™ was
applied as an internal standard to ensure the instrument's
stability and check instrumental drift and non-spectral
interferences. Concentrated HNOs; (70%) and H,O, (30—
32%) were supplied by Merck (Germany). Dogfish Liver as
reference material (DOLT-4) was acquired from the
National Research Council, Ottawa, Ontario, Canada.

2.3. Sample collection

In this study, a total of 91 edible freshwater fish samples of
8 species (37 Cyprinus carpio, 27 Sander lucioperca, 6
Tinca tinca, 5 Esox lucius, 4 Squalius cephalus, 5 Copeata
tinca, 3 Silurus glanis, and 4 Oncorhynchus mykiss) were
purchased from a local fisherman in Kayseri, Turkey,
between February and May 2018. Their length and weight
ranged from 19 to 64 cm and 72 to 1836 g, respectively
(Table 1). Upon collection, the fish were immediately
transferred into the icebox and conveyed into the laboratory,
and then protocol numbers were given. Before dissection,
they were allowed to thaw, and anthropometric
measurements were taken. The edible muscles from these
organisms were cut and stored at -20 °C. Before heavy
metal analysis, the frozen fish samples were thawed in the
refrigerator at +4 °C for 12 hours. After the epaxial muscle
tissues of the fish were separated and washed with UHP
water to prevent cross-contamination and placed in different
petri dishes. Petri dishes were kept in an oven at 55°C for 12
+ 1 hour until the samples reached a constant weighing
weight. The samples were ground into a homogenized
powder with a porcelain mortar and pestle then transferred
into falcon tubes, covered with paraffin, and stored in a
desiccator.

2.4. Microwave digestion procedure

Briefly, 0.20 g of homogenized and powdered fish meat was
digested with 2 mL of H,0O; (30%) and 8 mL of HNO3;
(65%) in a microwave digestion system (Berghof
microwave system, Germany). The digestion program
consisted of one step with potency: T(°C): 200, P(bar): 40,
power (%): 90, Ta (min):15 and time (min): 40. After
cooling for about 20 min, the digest was diluted to 25 mL by
adding UHP water. The levels of Al, V, Cr, Fe, Co, Ni, Cu,
Zn, As, Se, Ag, Cd, Hg, and Pb in the clear solutions were
assessed using an Agilent 7500a ICP-MS with interior
standards. The CRM (Dogfish Liver, DOLT-4) was
dissolved with the same digestion method.
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Table 1. Fish species and their length and weight range

Number of Length
Fish species range Weight range (g)
samples (n)
(cm)

Tinca tinca 6 22-34 251-513
Cyprinus 37 215-50  178-1836
carpio
Sander 27 25-37  134-492
lucioperca
Esox lucius 5 37-47 378-725
Squalius 4 3236 456-691
cephalus
Copeata tinca 5 19-39 72-708
Silurus glanis 3 48-64 692-1640
Oncorhynchus 23.5-
mykiss 4 26.5 174-282

2.5. Quality control and assurance

The microwave digestion/ICP-MS method precision was
validated by examination of the Dogfish Liver (DOLT-4).
The levels of elements agreed with the DOLT-4, and the
recoveries of elements ranged from 90% to 112% (Table 2).
The limits of detection (LOD) were calculated as the ratio of
the three standard deviations (SD) of the blank signals to the
slope (b) of the calibration curve (3SD/b, n=10). The LODs
were 4.46, 0.04, 1.50, 2.08, 0.96, 1.50, 0.12, 0.71, 0.15,
0.03, 0.07, 0.31, 0.64, and 0.72 pg L for Fe, Al, Zn, Cu,
Ni, Cr, V, Pb, As, Cd, Co, Se, Hg and Ag in fish samples,
respectively. The determination coefficients for calibration
curves of the metals were found to be > 0.99.

Table 2. Determination of elements in Dogfish Liver
certified reference material (DOLT-4)

Concentration (ug g?)

Certified? Found® R(%)
Al° 200 21510 108
Ve 0.6 0.56 £0.01 93
Cr¢ 14 1.52+0.02 109
Co° 0.25 0.28 £0.02 112
As 9.66 = 0.62 9.55+0.16 99
Cd 243 +0.8 24.2 £0.3 100
Cu 31.2+1.1 31.7+0.4 102
Fe 1833 £75 1914+65 104
Pb 0.16 £0.04 0.16+0.02 100
Hg 2.58+£0.22 2.31£0.02 90
Ni 0.97+0.11 0.94+0.03 97
Se 83+1.3 8.3+0.2 100
Ag 0.93+0.07 0.86+0.01 92
Zn 116 £6 1131 97

a: At 95 % confidence level, b: n=3, ¢: Information value

2.6. Statistical analysis

The SPSS 22 package for windows was used for all
analyses. The mean and standard deviation of metal
concentrations in meats of fish species were calculated. The
Pearson correlation analysis reflected the degree of the
linear relationship between metals (18). Multivariate
analyses, including PCA and CA, were used to assess the
relationships among the fish samples and metal
accumulations. The varimax method was used with PCA.
Eigenvalue criterion over 1.00 was used to decide the
number of principal components. HCA was conducted with
Ward's method, and a squared Euclidean distance was used
as a distance measure. A Z score transformation was
performed before cluster analysis.

3. Results and Discussion
3.1. Heavy metal levels in fish meats

This study observed the decreasing trend between Hg and
Pb concentration and increased fish length and weight (Figs.
la and 1b). In addition, the relationships between
concentrations of Hg in C. carpio and S. lucioperca muscles
are given in Fig. 1c and Fig.1d, respectively. It was revealed
that the order of mean concentrations (mg/kg wet wt.) of
metals in all fish meat samples were Al (204) > Zn (10.2) >
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Fe (6.43) > Cu (0.666) > Hg (0.589) > Ni (0.556) > Pb
(0.497) > Cr (0.396) > Ag (0.291) >Se (0.144) > As (0.074)
> Co (0.043) > Cd (0.037) >V (0.027). Al showed the
highest concentrations for all studied samples with a high
standard deviation. The elevated Al levels may be because
of the natural conditions of the soil (1). The accumulation of
elements in fish meat samples is affected by many factors
such as season, biological diversity, nutrition resource, water
chemistry, salinity, temperature, contaminants, and food
processing methods (19).

As shown in Table 3, the highest metal concentrations (mg
kg™) in all fish muscles were as follows: V: 0.102, Se: 0.265
and Co: 0.083 in Tinca tinca; Al: 555, Cu: 1.746 and As:
0.114 in S. lucioperca; Zn: 34.4 and Hg:1.383 in E. lucius;
Cr: 0.847, Ni:1.229, Ag: 2.557 and Cd :0.101 in S. cephalus;
and Fe: 7.68 and Pb :1.483 in S. glanis. The European Food
Safety Authority (EFSA) reports a tolerable daily intake of
0.9 mg/day for Cu in adults. The average intake level for Zn
in Europe is reported to be 13 mg/day and 9 mg/day for men
and women, respectively (20). The mean concentrations of
Cu and Zn were lower than their permissible limit levels in
fish samples. The Zn concentration was higher than its
permissible limit level in one E. lucius and the four S.
lucioperca.
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Figure. 1 Accumulation of (a) Hg and (b) Pb elements in
fish muscles according to the fish sizes (n=91) and
accumulation of Hg in (c) C. carpio (n=37) and (d) S.
lucioperca (n=27) muscles according to the fish sizes.

3.2. Toxic elements
3.2.1. Mercury

In the present study, the concentration of Hg in all the fish
species was in the range of 0.183 to 1.383 mg kg, with an
average of 0.589 mg kg. The highest Hg concentration was
determined as 4.26 mg kg? in S. lucioperca, followed by
2.97 mg kg in E. lucius, 2.89 mg kg? in S. lucioperca, and
1.98 mg kg! in E. Lucius samples. The mean Hg
concentrations for fish species were decreased in the
following order: E. lucius > S. lucioperca> S. cephalus> C.
carpio> S. glanis> C. tinca> Tinca tinca> O. mykiss (Table
3). Finally, Hg concentrations determined in fish muscle
samples were found to be higher than 1.0 mg kg? for ten
samples and higher than 0.5 mg kg* for forty samples set by
the TFC (0.5-1 mg kg?) (21), and the EFSA (4 pg/kg per
week) (20) and the European Union’s Regulation (EU) (0.5
and 1.0 mg kg™?) (22) in this study. Also, the maximum Hg
level in food authorized for human consumption is 0.5 pg/kg
according to the World Health Organization (WHO)
guideline (23). The Hg concentration found in our study was
relatively higher than those of BilandJi{ et al. (24) and
Velusamy et al. (7); however, they were lower than those of
Keshavarzi et al. (2) and Carvalho et al. (19). Mercury is a
very toxic element that causes severe contamination. Fish
get Hg through feeding, which can be determined by the diet
quality, fish size, environmental factors, and water quality
parameters (7).
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Table 3. Heavy metal concentrations (ug g?) in eight freshwater fish species collected from Kayseri, Turkey

Species n Al \Y Cr Fe Co Ni Cu Zn As Se Ag Cd Hg Pb
Tinca 6 Mean 4.48 0.102 0.203 0.854 0.083 0.285 0.095 4.33 0.106 0.265 0.140 0.092 0.262 0.096
tinca
SD 211 0.016 0.040 0961 0.029 0.390 0.232 8.69 0.033 0.072 0.113 0.046 0.121 0.043
C. carpio 37 Mean 559 0.024 0.289 7.54 0.022 0.50 0.190 1949 0.059 0.125 0.097 0.044 0.398 0.492
SD 189 0.030 0.330 2.80 0.030 0.486 0.370 4.049 0.050 0.086 0.164 0.108 0.361 0.833
ISu.CiOperca 27 Mean 555 0.016 0.611 7.49 0.080 0.665 1.746 22.7 0.114 0.206 0.380 0.021 0.916 0.602
SD 2443 0.035 0.431 6.00 0.162 0.756 7.414 30.0 0.062 0.081 0.840 0.064 0.808 0.407
E. lucius 5 Mean 70.0 0.032 0.222 3.132 0.033 0.636 0430 344 0.068 0.070 0.275 0.031 1.383 0.363
SD 91.1 0.047 0.159 2492 0.038 0.533 0462 544 0.052 0.086 0.558 0.048 1.080 0.424
S. 4 Mean 250 0.053 0.847 7.253 0.053 1229 0.736 9.84 0.068 0.118 2557 0.101 0.514 0.609
cephalus
SD 457 0.038 0.338 5.108 0.086 0.586 0.970 17.9 0.060 0.067 5.001 0.120 0.387 0.866
C. tinca 5 Mean 6.34 0.019 0.117 3.60 ND 0.194 0.143 1018 0.006 0.018 0.029 0.016 0.350 0.139
SD 240 0.041 0.032 134 ND 0.210 0.276 0.526 0.007 0.041 0.056 0.035 0.204 0.059
S. glanis 3 Mean 27.2 0.007 0.657 7.68 0.013 0.628 ND 0976 0.011 0.125 0.021 0.002 0.373 1.483
SD 18.8 0.007 0.264 2.32 0.012 0.331 ND 0.748 0.011 0.109 0.022 0.002 0.407 1.228
O. mykiss 4 Mean  8.05 ND 0.146  3.29 0.012 0410 ND 0.394 0.055 0.010 0.004 ND 0.183 0.195
SD 4.27 ND 0.014 0.68 0.017 0516 ND 0.382 0.043 0.015 0.009 ND 0.046 0.147
n: sample number ND: not detected
3.2.2. Arsenic 3.2.3. Cadmium

Arsenic is assigned as a Group 1 human carcinogen by the
WHO (25). The contaminated water and seafood could
result in arsenic exposure to humans and adverse health
effects such as skin rash, toxic cardiomyopathy, abdominal
pain, vomiting, and diarrhea (26). The mean concentration
of As in this study was found to be 0.074 mg kg?. The
highest values of As were observed in S. lucioperca (0.114
mg kg™) while the lowest values were in C. tinca (0.006 mg
kg™). It was found that the mean concentration of As in ten
fish samples was below the detection limit (Table 3). The
concentrations of As in fish muscles in this study were much
lower than the limit values set by WHO (5 mg kg) and the
TFC (0.020 mg kg?). In this study, the mean of As
concentrations in fish samples was significantly lower than
previously reported by Shakeri et al. (27) and Okati et al.
(28).

In the present study, the mean Cd concentration (0.037 mg
kg?) was not over the permissible level of 0.050 mg kg™,
0.5 pg gt and 0.05-0.1 mg kg? set by the TFC (21), WHO
(23), and EU (22), respectively. The Cd concentrations in 2
S. lucioperca, 2 S. cephalus, 5 C. carpio, 4 Tinca, and 1 E.
Lucius muscles were found to be higher than the limits set
by the TFC (21). In this study, the highest mean
concentration of Cd was in S. cephalus muscle tissue (0.101
mg kg?), while the lowest mean concentration of Cd was
detected in the S. glanis muscle tissue (0.002 mg kg™). In
addition, the Cd concentrations in O. mykiss muscle tissue
were below the detection limit (Table 2). The maximum Cd
accumulation was detected in two C. carpio samples to be
0.488 mg g and 0.408 mg g*.

3.2.4. Lead

Our results show that Pb concentrations are highest in S.
glanis muscle (1.483 mg kg?), whereas it is lowest in Tinca
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muscle (0.096 mg kg?). The Pb content in the muscles of
the fish analyzed in the study can be given in the following
order with an average of 0.589 mg kg*: S. glanis> S.
cephalus> S. lucioperca> C. carpio> E. lucius > O. mykiss>
C. tinca> Tinca (Table 3). In 14 fish muscles, Pb levels
higher than 1.0 mg kg were found. However, the
permissible limit for Pb concentration in the TFC (21),
WHO (23), and EFSA (29) for fish meat is 0.3 mg kg™. The
accumulation range of Pb in our study was like earlier
studies conducted by Keshavarzi et al. (2) and Li et al. (10).
Whereas significantly higher results were reported by
Rahman et al. (4) who detected Pb in fish samples with
concentrations ranging from 1.76 to 10.27 mg kg .

3.3. Correlation analysis

The Pearson correlation analysis was performed to identify
the origin of the element's contents in the eight different
species of 91 fish meat. A correlation matrix was calculated
for the metals analyzed in fish species to identify the
common origin of metals. As shown in Table 4, a high

positive correlation (r=0.760) was determined between the
length and weight of the fish samples. The contents of Se in
fish muscle samples were negatively correlated with a total
weight (r= -0.235, p<0.05). There were no significant
correlations (p<0.05) between the content of Cu, Cr, Ag, Co,
and Hg and fish sizes (length and weight). Similarly, no
significant relationships between fish size and Cu were
found by Yi and Zhang (30). Zuliani et al. (16) recorded a
negative correlation between Cr and fish size, while
Arulkumar et al. (5) reported a remarkable negative
correlation (r= — 0.328 for Cd, r=—0.192 for Pb, and r=—
0.064 for Cu) between the fish size and heavy metal (Cd, Pb,
and Cu) concentrations.

In this study, most of the metal pairs significantly positively
correlated with each other, from which Co-Cu (0.687), Cr-
As (0.564), Cr-Co (0.557), As-Se (0.479), and Al-Cr (0.443)
pairs demonstrated remarkable positive correlation, whereas
Fe-V (-0.392) and Fe-Co (-0.359) pairs indicated
considerable negative correlations at the 99% confidence
level (Table 4).

Table 4. Correlation analysis of heavy metals among meats of the eight fish species (h=91)

Al \ Cr Fe Co Ni Cu Zn As Se Ag Cd Hg Pb Length Weight
Al 1
\Y; 0131 1
Cr 0.443™ 0211 1
Fe -
0.180 oo 0076 1
Co - - o =
0.203" 0502 05577 oo 1
Ni 0.185 0.217° 0411 0.027 0.365™ 1
Cu 0.055 0.203 0.381™ -0165 0.687 0.299" 1
Zn 0.027 -0.123 0.098 0.058 0.015 -0.093 0.050 1
As 0.438"™ 0.264° 0.564™ -0.003 0.390™ 0.205 0.282" 0.349" 1
Se 0.232" 0115 0.289™ 0.047 0.314™ 0.233° 0.299™ 0.103 0.479" 1
Ag 0.426™ 0.212° 0.327" -0.179 0.291" 0.076 0.150 0.195 0.347" 0.095 1
Cd 0.060 0422 0.211" -0121 0.209° 0.101 -0.026 -0.094 0.119 0.027 0 03 L
Hg 0.060 -0.185 0.004 -0.058 0.050 0.197 0.095 0.313™ 0.088 0.156 0.121 0 oag L
Pb 0.028 -0.148 0.166 0.217° 0.036 -0.004 -0.063 0.236° -0.007 -0.116 0 oog 0204 0052 1
Length -
-0.054 -0069 022 0098 -0089 0022 -0035 0109 -0.105 -0.086 0028 ., 0049 0121 1
Weight ) 0g6 0034 0044 0044 0148 -0.044 -0.076 -0.098 -0153 - - - - 0.760™ 1
: : : : ' ' ' ' ' 0.235° 0.001 0.039 0.148 0.004

Bold numbers show significant correlations, Correlation is significant at the 0.01 level, * Correlation is significant at the 0.05 level.
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3.4. Multivariate analysis

The  Kaiser—Meyer-Olkin ~ (KMO)  measure  was
implemented to investigate the suitability of the data for
principal component analysis. KMO test shows the
proportion of variance and should be above 0.5 for sampling
adequacy (17,30). In this study, KMO was found to be
0.651. The data considered for this statistical treatment was
obtained by measuring the concentration of fourteen
elements, in triplicate, in 91 samples of fish muscles from
different places.

Five PCs with eigenvalues greater than 1.0 (Kaiser
Criterion) with a total contribution of 66.8% were taken out
to identify the probable resources of metals in the fish
muscles (Table 4). The metals in the same PC reflect a
similar behavior for their origin and/or sources. As listed in
Table 5, the first principal component (PC1 17.6 %) had
strong positive loadings for Cr (0.56), Co (0.69), Ni (0.69),
Cu (0.76), and Se (0.56). The second principal component
(PC2 33.4%) expressed high positive loadings for Al (0.79),
Cr (0.56), As (0.71) and Ag (0.69). High positive loading on
PC3 (46.1 %) was found for V (0.65) and Co (0.47),
whereas Zn (0.76) and Hg (0.75) had high positive loading
on PC4 (56.8%). Moreover, PC5 (66.8%) was associated
with Cd (0.73) and Pb (0.75). The relations among the heavy
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metals based on the first three PCs are presented in Fig. 2a.

These results might suggest pollution arises from common

origins or similar geochemical behavior of these metals (31).
Component Plot in Rotated Space
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Figure 2. (a) A loading plot of three PCs of heavy metals

and (b) dendrogram obtained from hierarchical cluster
analysis of the 14 heavy metals in eight fish species.
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Table 5. Varimax rotated loadings and communalities for the fish meats (n=91)

Component
Communalities
1 2 3 4 5 (h?)

Al 0.071 0.793 0.077 -0.064 -0.001 0.644
\Y 0.256 0.192 0.654 -0.321 0.255 0.698
Cr 0.566 0.564 -0.098 -0.057 0.310 0.747
Fe 0.044 -0.053 -0.877 -0.072 0.112 0.792
Co 0.693 0.249 0.479 0.040 0.170 0.802
Ni 0.694 0.037 -0.044 -0.053 0.093 0.496
Cu 0.762 -0.007 0.260 0.169 -0.091 0.685
Zn -0.073 0.263 -0.093 0.763 0.130 0.682
As 0.386 0.713 -0.033 0.131 0.063 0.680
Se 0.567 0.323 -0.145 0.053 -0.210 0.494
Ag -0.032 0.696 0.280 0.204 -0.058 0.609
Cd 0.090 0.021 0.281 -0.218 0.734 0.674
Hg 0.181 -0.057 0.036 0.755 -0.083 0.614
Pb -0.069 0.003 -0.274 0.299 0.752 0.735
Eigenvalue 3.68 1.84 1.37 131 1.15

% of variance 17.6 15.9 12.7 10.7 10.0

Cumulative % 17.6 334 46.1 56.8 66.8

Bold numbers represent significant loading values (>0.479)

In general, anthropogenic inputs from agricultural and
industrial practices, such as pesticides and chemical
fertilizers, wastewater irrigation, and residues from
metalliferous mining, increase the contamination levels of
toxic metals such as Hg Zn, Cd, and Pb in surface waters.
Fish meats collect Hg due to feeding and could be affected
by the size and diet of fish, ecological factors, and water
quality parameters (5, 7, 15, 16, 32, 33).

3.5. Cluster analysis

In this study, heavy metals detected in fish muscle tissue
samples were categorized into two main clusters and four
subclusters, as shown in a dendrogram (Fig. 2b). Cluster 1
revealed the high association of Co-Cu, Al-Ag, Cr-As, and
V-Cd pairs, while Cluster 2 demonstrated the relation of Zn-

Hg and Fe-Ph. These results indicated that the pollution with
metal pairs analyzed might be from similar sources. These
clusters show similarity with PCA results on the origins of
metals for fish muscles.

4. Conclusions

The current study’s results demonstrate that the order of
mean concentrations (mg kg™ wet wt.) of the metals in fish
muscle samples were Al>Zn>Fe>Cu>Hg> Ni>Pb>Cr>Ag>
Se>As>Co>Cd>V. Based on the results, in some fish
samples, the levels of some toxic elements (Hg, Cd, and Pb)
were higher than permitted legal limits. It can be stated that
element content in the examined fish species varies from
each other. This might be related to environmental and
agronomic circumstances and versatility exposure to
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pollution. The correlation, PCA, and cluster analysis results
indicated that the metal bioaccumulation varied between fish
sizes and species, and heavy metal pollution in fish might be
caused by the same environment or similar geochemical
behavior of metals. These fish might be a significant
concern to human consumption due to their toxicological
effects. Therefore, establishing standardized monitoring
systems for determining heavy metal content in fish and
fishery products are needed to protect consumer health.
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Ozet: Kuduz; Rhabdoviridae familyasindan lyssavirusun yol agtigi merkezi sinir sistemini etkileyen ve Sliimle sonuglanan bir hastaliktir.
Hastaligin kontrolii amaciyla, hastalik kaynagmin saptanmasi ve yayilmasimin énlenmesi, kuduz siipheli hayvanlarda karantina 6nlemlerinin
alinmasi1 gereklidir. Cesitli tilkelerde kuduz eradike edilmistir, ancak bazi iilkelerde kuduz endemik olarak goriilmektedir. Diinyada, kedi
kopek gibi evcil hayvanlardan bulag oraninin iilkelerde farkli olmasindan dolayi, hayvan sahipleriyle birlikte kedi ve kopeklerin
seyahatlerinde uygulanan protokoller ve alman karantina tedbirleri, kuduzun yayilmasimi 6nlemede yiiksek oneme sahiptir. Kuduz eradike
iilkelerde kat1 bir bicimde uygulanan bu protokoller, hastaligin sik goriildiigii lilkelerde ne yazik ki yeterli derecede uygulanamamaktadir. Bu
derlemede, iilkeleraras1 evcil hayvan transferinde uygulanan protokollerinin ve karantina onlemlerinin, ilkelerin kuduz agisindan risk
diizeylerine ve yapilan farkli uygulamalara gore incelenmesi ve {ilkemiz ile karsilagtirilmasi amaglanmustir.

Anahtar Kelimeler: Kuduz, Kuduz karantina tedbirleri, Kuduz protokolleri, Kuduz titrasyon testi

Comparison of Rabies Quarantine Measures and Protocols Applied by Countries

Ozet: Rabies is a disease caused by lyssavirus from the Rhabdoviridae family that affects the central nervous system and results in death. In
order to control the disease, it is necessary to identify the source of the disease and prevent its spread, and to take quarantine measures in
animals suspected of rabies. Rabies has been eradicated in various countries, but rabies is endemic in some countries. Since the rate of
transmission from domestic animals such as cats and dogs is different around the world, the protocols and quarantine measures taken during
the travel of cats and dogs with animal owners are of high importance in preventing the spread of rabies. These protocols, which are strictly
implemented in rabies eradicated countries, are unfortunately not adequately implemented in countries where the disease is common. In this
review, it was aimed to examine the protocols and quarantine measures applied in inter-country animal transfer according to the risk levels of
the countries in terms of rabies and different practices and to compare them with our country.

Keywords: Rabies, Rabies quarantine measures, Rabies protocols, Rabies titration test
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1.Giris

Kuduz; Rhabdoviridae familyasindan Lyssavirus ‘un yol
actig1, beyni ve omuriligi (merkezi sinir sistemi) etkiledigi
i¢in dliimle sonuglanan bir hastaliktir (1). Insan, kedi, kopek,
yabani hayvanlar ve ¢iftlik hayvanlarn dahil biitiin
memelileri etkileyebilen zoonotik bir hastaliktir. En 6nemli
bulas yolu 6zellikle evcil hayvanlardan kopek gibi enfekte
hayvanlarin 1sirmasidir (2).

Bulagma, hasta hayvan tarafindan isirilma, ¢izilme ya da
biitiinligli bozulan mukoz membranlardan salyayla olur (3).

Kuduz hastaligi, ¢ok ¢esitli tiirlerden bulagmasina ve asla
tim tiirlerden eradike edilememesine ragmen, diinya
¢apinda insan vakalarinin bilylik ¢ogunlugundan sorumlu
olan ve en bilyiik halk saglig1 endigesi olan kdpek kuduzunu
ortadan kaldirmak miimkiindiir (4, 5).

Zoonoz hastaliklarda oldugu gibi, hastalifin kontroliiniin
saglanmasi i¢in, etkili denetim sistemleri, vakalarin erken
tespitine ve raporlanmasina olanak taniyarak zamaninda

miidahale baglatilmasi ve kontrol ¢abalarmin ne zaman ve
nerede yogunlasgtirilacagina dair bilingli kararlar alinmasi
acisindan hayati O6nem tasimaktadir (6). Sanayilesmis
iilkelerin ¢ogu evcil kopek popiilasyonlarindan kuduzu
elimine etmistir. Bununla birlikte, gelismekte olan iilkelerin
cogunda, kuduz evcil kopek popiilasyonlarinda endemik
olmaya devam etmekte ve koti bir sekilde kontrol
edilmektedir (7).

Ingiltere, Irlanda, Isveg, Norveg, Izlanda, Japonya,
Avustralya, Yeni Zelanda, Singapur, Malezya’nin ¢ogu
bolgesinde uzun yillardir kuduz vakasi goriilmemistir.
Ancak Ornegin Hindistan’da, 2005 yilinda yayinlanan bir
calisgmada sokak hayvanlar1 tarafindan 1sirilma vakalar
sonucu yillik olarak 20.000 insan Olimi gorildiigi
saptanmistir (8). Diinya genelinde, iilkeler arasi hem insan
hem de kedi kopek popiilasyonunda kuduz goriilme
sitkliginin bu kadar farkli olmasindan dolayi, hayvan
sahipleriyle birlikte kedi ve kopeklerin seyahatlerinde
uygulanan protokoller ve karantina onlemleri, kuduzun
yayilmasinit 6nlemede biiyilk 6nem tasir. Bu derlemede,
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iilkeleraras1 hayvan transferinde uygulanan protokollerinin
ve karantina Onlemlerinin, iilkelerin kuduz agisindan risk
diizeylerine ve yapilan farkli uygulamalara gore incelenmesi
ve lilkemiz ile karsilastirilmas1 amaglanmustir.

2.Kuduz eradike veya Kkuduz Kkontroli saglanmis
iilkelerin protokolleri
Kuduz wvakalarmin kontroliinii saglayan iilkelerden

Ingiltere’de “Pet Travel Scheme” (PETS) yonetmeligi
uygulanmaktadir. PETS adi verilen diizenlemeyle birlikte
basta kuduz olmak {izere iilkeye girebilecek cesitli
hastaliklara karsi, pet hayvaninin geldigi iilkeye gore
standartlar belirlenmistir. Karantina Onlemleri azaltilmas,
giris i¢in talep edilen belgeler arttirilmistir.

PETS yonetmeligi oncesi zorunlu tutulan 6 aylik karantina
onlemi, 2000 yilinda kaldirilmistir (9). Yonetmelikte
bulunan uygulama geregi, Avrupa birligi pet pasaportu veya
Avrupa birligi tiyesi olmayan {ilkeler i¢in veteriner hekim
onayli pasaport zorunludur. Pasaportun yani sira, pet
hayvanma kuduz asisinin uygulanmis olmasi ve kuduz titre
testinin bulunmasi gerekmektedir, bu kosullari saglamasi
durumunda karantina uygulamasina tabii tutulmadan tilkeye
giris yapabilir (10).

Vaka sayisin1 azaltmak ve kuduz-enzootik iilkelerden
Avrupa’ya kuduz hayvan girisini engellemek igin 576/2013
sayili yonetmelik (AB), sahibinin yaninda bulunan ve
dogrudan sorumlulugu altindaki bir evcil hayvanin ticari
olmayan hareketini diizenlemektedir (11).

Kuduz hastaligina karsi asilamada, evcil hayvan (kopek,
kedi ya da yaban gelincigi), 576/2013 sayili Tiiziigiin (AB)
Ek IlT'iine gore yetkili bir veteriner hekim tarafindan kuduza
kars1 agilanmalidir. Hayvan, as1 uygulandigi tarihte en az 12
haftalik olmalidir. Asilamanin gegerlilik siiresi, birincil
asilama i¢in agilama protokoliiniin tamamlanmasindan en az
21 giin sonra baslar ve sonraki agilama, agilamanin gegerlilik
stiresi iginde gerceklestirilir (12).

Ingiltere’de uygulanan karantina tedbirleri, iki kisim olarak
ayrilir. {1k kisimda, ingiltere smirlarindan giris yapan her pet
hayvani i¢in uygulanan 6 aylik karantina onlemi vardir,
PETS uygulamasiyla birlikte, karantina dnlemi tiim kriterleri
karsilamas1 kosuluyla zorunlu tutulmamaktadir (13).

Bu kriterler ise, iilkeye giris yapacak soz konusu pet
hayvanlarinin asilanmis, mikrogipli ve serolojik testlerin
uygulanmis olmasi sartlarini kapsar.

Evcil hayvan (kopek, kedi ya da yaban gelincigi), 576/2013
sayili Yonetmeligin Ek IV'iine gore bir kuduz antikor
titrasyon testine tabi tutulmahidir. Test, yetkili bir veteriner
hekim tarafindan, agi1 tarihinden en az 30 giin sonra ve
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hareket tarihinden en az ii¢ ay Once toplanan bir Grnek
tizerinde yapilmalidir. Test, kuduz viriisiine kars1 0,5 IU /
ml'ye esit veya daha biiyiikk serumda noétralize edici bir

antikor  diizeyini  Olgmelidir. Test onaylanmigs bir
laboratuvarda  yapilmalidir.  Saglik  Sertifikas1  ve
Beyannamesi; resmi bir veteriner hekim tarafindan

tamamlanmis ve yaymlanmig ve daha sonra yetkili makam
tarafindan onaylanmustir. Transponder (mikrocip) veya
dévmede bulunan alfa-sayisal kodunu, kuduza karsi asilama

ayrintilarini, kan orneklerinin ayrintilarini belgelemelidir
(14).

Eradike iilkeler arasinda bulunan Isve¢ ve Norveg’te uzun
siiredir kuduz vakas1 goriilmemistir; isveg, dogal cografik
siirlar1 ve katt protokolleri sayesinde 1886 yilindan beri
kuduz eradikedir (15). Belirtilen iilkelere giriste kuduz
astlamasi, kuduz asilama belgesi, kuduz antikor titresi
zorunlu tutulmaktadir.

Kuduz eradike olarak kabul
Japonya’da, 1950 yillarindan
goriilmemistir. En siki kuduz protokollerini uygulayan ve
zorunlu tutan iilkelerden biridir. Ulkede uygulanan toplu

edilen bir diger iilke

itibaren kuduz vakasi

asilama, kopek hareketlerini kisitlamanin yani sira, iilkeye
giris protokollerinin biiyiik etkisi olmustur. Ulkeye giriste 30
giin arayla en az 2 doz kuduz asis1 uygulamasi, kuduz
antikor titresi, asilamaya dair belgeler zorunlu tutulmaktadir
(16).

Amerika’da, kuduz wvakalart nadiren gorilmektedir ve
onemli Ol¢iide yaban hayvan kaynaklidir. Képek kaynakli
kuduz vakalar1 ise eradike edilmistir. Ulkeye giriste, yiiksek
risk goriilen iilkelerden 3 ayliktan biiyiik kopeklerin kuduz
agisinin yapildigina dair belge istenmektedir. 3 ayliktan
kiigiik hayvanlar ve bazi 6zel kosullar igin ise, tlkeye
girdikten sonra, kosullar saglandiktan sonra asi yapilmasi
beklenmektedir. Kuduz asis1 yapilmayan bazi hayvanlarin
ilkeye girisi Ozel izinler ve belgelerle saglanabildiginden,
donem donem iilkeye kuduz vakasi girisine
olabilmektedir. Risk grubunda goriilmeyen iilkeler igin
kuduz asist belgesi kosulu aranmamaktadir (17). 2019
yilindan itibaren “Amerikan hastalik kontrolii ve dnlenmesi
merkezleri” (CDC) karar1 ile Amerika’ya Misir’dan kopek
girigi,  belirtilen olmadigi
yasaklanmustir (18).

neden

kurumun  onay1 siirece

Meksika, Diinya Saglik Orgiitii tarafindan kuduza yonelik
uyguladig1 protokoller ve 6nlemler sonucu takdir toplamistir
ve arttk bu tlkede kuduz, halk sagligi sorunu olarak
goriilmemektedir. Ulkeye giriste, 3 ayliktan biiyiik
hayvanlarin kuduza karsi asilanmis oldugunu gosteren
belgeler gerekmektedir (19).
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3.Kuduz kontrolii saglanamamus, yiiksek riskli iilkelerin
protokolleri

CDC tarafindan kuduz riskli goriilen iilkeler; Afrika iilkeleri,
Ortadogu ve Asya bolgesi, Karayipler, Dogu Avrupa
iilkelerinin birgogunu kapsamaktadir (20).

Bu kategoride yer alan iilkelerin bir kisminda kuduza
yonelik protokol bulunmazken, bazilarinda ise hastaligin
kontrolii i¢in belirlenen protokoller CDC tarafindan yetersiz
goriilmektedir. Kuduz vakalarinin farkli oranlarda goériilmesi
nedeniyle, kuduz kontroliiniin saglandigi {ilkelere giris
kosullari, tilkelere gore farklilik icermektedir (21).

Kuduz enzootik bolgeler igine dahil olan Israil, Avrupa ve
Amerika gibi ilkelere seyahatte, kuduz asisi, kuduz titresi,
zorunluluklarini

saglik  sertifikast

ylkiimliidiir.

yerine  getirmekle

Seyahat eden kopeklerin kuduz titresi >0,5 IU / ml
olmalidir. israil Veterinerlik Hizmetleri ve Hayvan Saghgt'
(IVSAH) bir pargasti olan Kimron Veteriner
Enstitiisiindeki Ulusal Kuduz Laboratuvari, 2004 yilindan
beri serolojik testleri gerceklestirmektedir. israil'de mikrogip
uygulamasi zorunludur ve mikrogiple kimlik tespiti, merkezi
bir veri tabanina kayit yaptirilmasi ve gecen yil boyunca
kuduza kars1 agilama yapilmasini gerektirir (22).

nin

Cin’de, ulusal ¢apta kopeklere kuduz agilamasi 2008 yilinda
baslatilmistir. Ulkede kuduzun 2020 yilina kadar &ncelikli
risk grubuna alinmasi dolayisiyla, 6nlemler ve protokoller
iizerine ¢alisilmaktadir (23).

Kuzey ve Giliney Afrika, kopeklerde sik goriilmesinin yani
sira, insanlarda da kuduz vakalarinin ¢ok sik gorildigi
ilkeler kategorisindedir. Bu iilkelerde diizenli kuduz
asilamasi evcil hayvanlarda da yabani hayvanlarda da
saglanamamustir. saglik orgiti (WHO), bu
bolgelerde diizenli kuduz asisi uygulamasmma ve sokak

Diinya

hayvanlarinin kontroliine yonelik calismalar yapmaktadir.
Kuduz eradike iilkeler i¢in risk orani yiiksek olmasindan
dolay1, hayvanlarda protokollere uyulsa bile, insan girisinde
uygulanan protokollerin (Siipheli isirilma vakalar1 sonrasi
profilaktik asilama, bu bolgelere seyahat Oncesi asilama)

yetersiz olmasindan dolayr kuduz kontrolii saglanan
ilkelerde Afrika iilkelerinden kaynaklanan vakalara
rastlanmaktadir (24).

Ulkemizde kuduz hastaligi, bildirimi Zorunlu Grup A
Hastaliklar1 iginde yer almaktadir (18). Tiirkiye Kopek
aracili kuduz vakalarmin devam ettigi Avrupa iilkelerinden
biridir. Yapilan bir caligmada, Ocak 2007-Subat 2009
tarihleri arasinda Sanliurfa merkezde bulunan {i¢ ayrn
hastanenin acil servisine hayvan 1siriklart ve temaslari
nedeniyle 742 olgunun basvurdugu saptanmistir (25). 2002
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ve 2003 yillarinda birer, 2004 yilinda iki ve 2005 yilinda
sifir olgu bildirilmistir (24). Saglik bakanlhigimin belirledigi
ve kamuoyuna agikladigi 2008-2017 yillarini kapsayan vaka
sayilar1 baz alindiginda, 2017 yilinda insanda yalnizca bir
vaka saptanmistir, ancak temas sayist 246 bin olarak
bildirilmistir. Ulkemiz halen kuduz yoniinden endemik bir
bolgedir. Yilda yaklasitk 250.000 kuduz riskli temas
bildirimi yapilmaktadir ve yilda ortalama 1-2 kuduz vakasi
goriilmektedir.  Saglik  bakanhigmin  belirledigi  ve
kamuoyuna agikladigi 2008-2017 yillarin1 kapsayan vaka
sayilar1 baz alindiginda 2017 yilinda yalnizca bir vaka
saptanmustir ancak temas sayist 246 bin olarak bildirilmigtir
(26). Artan kuduz temash sayisi ve vakalart sonucu 2019
yilinda T.C. Saglik Bakanlig1 tarafindan kuduz profilaksi
rehberi yaymnlanmistir. Ulkemize giriste kuduz hastaligina
yonelik  koruyucu yeterli  gelmemektedir.
Tirkiye’den Avrupa, Japonya gibi kuduz protokollerinin
uygulandig1 {lkelere gegiste; degisiklik
gostermekle birlikte, mikrogip uygulamalari, kuduz asisi
uygulamasi, kuduz titrasyon testi ve saglik sertifikasi
uygulamalar1 zorunlu tutulmaktadir. Amerikan hastalik
kontrolii ve onlenmesi merkezleri (CDC) artan vakalar
nedeniyle Tirkiye’yi yiiksek riskli iilkeler kapsamina

Onlemler

tlkeler arasi

almistir ve belirsiz siireyle hayvan girisini yasaklamistir.
4.Sonug

Kuduz hastaligi, protokollerin yetersiz olmasi nedeniyle
bir¢ok iilkede eradike edilememistir. Diinya genelinde,
ozellikle 3. diinya iilkelerinde kuduz kaynakli insan ve pet
hayvam siklikla  goriilmektedir.
onlenmesinde, iilkede uygulanan Onlemlerin yani sira
iilkeler arasi pet hayvanlarinin, sahipleriyle birlikte tilkeler
arasi seyahatinde uygulanmasi gereken protokoller 6nem arz
etmektedir.

oliimleri Kuduzun

Ulkemizde kuduza karsi asilama, asi1 bilgilerini barmdiran
pet pasaportu, mikrogip, kuduz antikor titrasyon testi gibi
tedbirleri barindiran ¢esitli protokoller uygulanmaktadir.
Tiirkiye’den yurtdisina sahipleriyle birlikte seyahat eden
kedi ve kopeklerde yapilan titrasyon test sonuglari, %92,6
yiiksek titrasyon orani ile, bagvuran hayvan sahiplerinin
evcil hayvanlarinda kuduza kars1t koruyucu
saglandigim1  gostermektedir (27). Kedi ve
ilkemize giris ve c¢ikig siireclerinde, kuduz
onlemlerinin etkili olmasmma ragmen kuduz

titrasyonun
kopeklerin
kontrol ve
vakalarimin
ilkemizde  eradike  edilememesi, Ozellikle  sokak
kopeklerinden bulasin ¢ok olmast olarak yorumlanmistir
(28).
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Ozet: Kolostrum, doguma yakin donemde meme bezleri tarafindan iiretilerek dogumdan sonra meme bezlerinden salgilanan ilk sividir.
Ruminant hayvanlarda plasentanin yapist geregi biiyiikk molekill yapisina sahip immunoglobulinlerin plesantadan gegcisine izin
verilmemektedir. Bu sebeple diger ruminantlarin yavrulart gibi kuzular da agammaglobulinemik olarak dogmaktadir. Kuzular, steril uterus
ortamindan dogumla birlikte mikrobiyal yiiklii ortama gegislerinde bu enfeksiyon etkenlerinden korunmak igin kolostrum tiiketmis olmalart
gerekmektedir. Bu sebeple yasamun ilk 15 dk ile 24 saat kuzularm yeterli miktar ve kalitede kolostrum almalar1 hayati 6nem tasimaktadir.
Kuzularin yagamlarinda bu kadar 6nemli olan kolostrumun igerigi ve miktar1 gebelik doneminde annenin beslenmesinden etkilenmektedir. Bu
derlemenin amaci koyunlarda gebelik déneminde yapilan besleme uygulamalarinin kolostrum {izerindeki etkilerini ortaya koymaktir.

Anahtar Kelimeler: Beslenme, Gebe koyun, Kolostrum, Kuzu sagligi

Effects of Pregnancy Feeding on Colostrum in Ewes
Pregnancy Feeding in Ewes

Abstract: Colostrum is the first fluid produced by the mammary glands near birth and secreted from the mammary glands after birth. Due to
the structure of the placenta in ruminant animals, substances with a large molecular structure such as immunoglobulin are not allowed to pass
through the placenta. For this reason, lambs, like the offspring of other ruminants, are born with agammaglobulinemia. Lambs must have
consumed colostrum in order to be protected from these infectious agents during their transition from sterile uterine environment to microbial
loaded environment at birth. For this reason, it is vital that lambs receive colostrum in sufficient quantity and quality in the first 15 minutes to
24 hours of life. The content and amount of colostrum, which is so important in the lives of lambs, is affected by the mother's nutrition during
pregnancy. The aim of this review is to reveal the effects of feeding practices during pregnancy on colostrum in ewes.

Keywords: Nutrition, Pregnant ewes, Colostrum, Lamb health
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1.Giris

Kolostrum, dogumdan hemen sonra meme bezinden
salgilanan ilk maddedir ve organoleptik yapisi, yogunlugu,
rengi ve kimyasal bilesimi bakimindan siitten farklidir.
Kolostrum, immiinoglobiilinin (Ig) dogum sonrasi dénemde
sinirhl bir siire i¢in annenin kan dolasgimindan meme
salgilarina  aktarilldigi  kolostrogenez ile fretilir (1).
Ruminant hayvanlarda gebeligin son déneminde yapilan
besleme sentezlenecek olan kolostrumun miktar ve kalitesi
iizerine etki gostermektedir (2).

Koyunlarda meme bezlerinin gelisiminin biiylik bir kismi
gebeligin  son aymda gerceklesmektedir.  Ozellikle
dogumdan onceki haftada meme bezlerinin boyutu belirgin
sekilde artar ve bu biiyiime laktogenezin baglangicinda
yogun kolostrum sentezine eslik eder. Hem meme bezlerinin
biiyiimesi hem de meme hiicrelerinin farklilagmas1 gebeligin
sonlarinda annenin beslenmesinden oldukga fazla bir sekilde
etkilenmektedir (3). Bu sebeple koyunlarda yeterli meme

gelisimi ve yeterli diizeyde kolostrum sentezi i¢in 6zellikle
gebeligin sonlarinda yapilan besleme uygulamalar biiyiik
Oonem tasimaktadir. Gebelik doneminde yapilan yetersiz
besleme sentezlenen kolostrum miktarimi azaltabilmekte,
dogum Oncesi ve sonrasi sentezlenen kolostrumun
viskozitesini degistirebilmekte ve siit {iretiminin baslangicin
geciktirebilmektedir (4).

Bu makalenin amaci, kuzu saghginda énemli bir yeri olan
kolostrum kalitesine koyunlarda gebelik doneminde yapilan
besleme uygulamalarinin etkisini ve kolostrum kalitesini
iyilestirebilmek icin yapilabilecek uygulamalar
degerlendirmektir.

Gebelik donemi beslemenin kolostrum sentezine etkisi

Koyunlarda doguma yakin siiregte memede biriken
kolostrum miktari, gebeligin sonunda yapilan besleme,
yavru bilyiikliigli ve annenin viicut kondiyon skoruna (VKS)
baglhdir. Bu faktorler gebeligin devamini saglayan
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progesteron hormonu ile yakindan iligkilidir. Progesteron
diizeyi gebelik doneminde yiiksek olup, gebeligin ikinci
yarisinda  biiyik  ¢ogunlukla  plasenta  tarafindan
iiretilmektedir. Progesteron hormonu hem laktasyonun
baglamasint hem de dogumu engeller. Gebeligin son
haftasinda ise progesteron seviyesi diiser Ostrojen seviyesi
yiikselir. Progesteron/dstrojen oraninda meydana gelen bu
degisiklik, dogumun baslangicini belirleyen etmenlerin
basinda gelir. Ciinkii progesteron ve Ostrojen uterusun
prostoglandin, katekolamin ve oksitosine duyarlilig1 {izerine
zit etki gostermektedir. Yetersiz beslenme durumunda
progesteronun metabolizmadan uzaklastirilmast
gecikebilmektedir. Bu gecikme hayvanin besin madde
ihtiyaglarinin kargilanmasi ile giderilebilmektedir (3,5,6).
Progesteron seviyesinin diislis hizi birkag faktdre bagh
olmakla birlikte progesteronun viicuttan uzaklastirilmasinda
rasyon enerji diizeyinin ¢ok Onemli rol stlendigi
belirtilmektedir. Plazma glikoz diizeyi, laktoz iiretimi ile
yakindan iligkili oldugundan kolostrum iiretimini de
etkilemektedir. Diger ruminant hayvanlarda oldugu gibi
koyunlarda da glikoz prekiirsorii olan propiyonik asit
tiretiminin tesvik edilmesi glikoz diizeyini olumlu yoénde
etkilemektedir. Doguma yakin siiregte hayvanlarin besin
madde ihtiyaclarinin  karsilanmast  ile  progesteron
metabolizmast  i¢in besinler saglandigindan
kolostrum tiretimi desteklenebilmektedir (7).

yeterli

Gebelik donemi beslemenin kolostrum miktarina etKisi

Kolostrumun biiyiik ¢ogunlugu, gebeligin son 2 veya 3.
giiniinde ve dogumdan sonraki ilk giin sentezlenmektedir.
Gebelik doneminde koyunlarin beslenmesi kolostrum
ve laktogenezin baslangict ile bu siireclerin
hormonal kontroliinii veya 6zellikle gebeligin sonunda
ihtiya¢ duyulan besinlerin kargilanmasini saglayarak etkisini
gostermektedir. Ozellikle ikiz gebeliklerde rumenin hacmi
uterusun biiyiikligiinden dolayr sinirlandirilmaktadir. Bu
olay da yeterli kuru madde (KM) alimim
engelleyebilmektedir. Yetersiz KM alimi rumenden alt
gastrointestinal sisteme sindirim igeriginin daha hizh
gegmesine sebep olur. Rumenden gecis hizinin artmasi ile
birlikte mikrobiyal sindirim i¢in  ayrilan
yetersizligine yol agar. Biitiin bu nedenlerle hayvanlarin
besin madde ihtiyaglarimin karsilanmasi i¢cin  gebelik
doneminin sonunda tahil taneleri gibi konsantre yemlerin
rasyona eklenmesi gerektigi sonucu ortaya ¢ikmaktadir (7-
9). Konsantre yemler kaba yemlere gore daha kiiciik
hacimde olmakla birlikte daha yiiksek enerji ve protein
saglamaktadirlar.

tretimi

stirenin

Kuru madde tiiketiminin kolostrum iizerindeki etkisi

Gebelik donemindeki KM tiiketim diizeyi koyun ve
kuzularda kan serumundaki immiinoglobiilin G (IgG)
konsantrasyonu iizerinde farkli etkiler gosterebilmektedir.
Ihtiyaglarmin  %60’1 diizeyinde KM tiiketen koyunlarin

42

kolostrum IgG igerigi 127.7 g/L olurken, ihtiyaglarinin
%140°1 ile beslenen koyunlarda kolostrum IgG miktarinin
99.9 g/L oldugu bildirilmistir. Ihtiyaglarinmn %1000 ile
beslenen koyunlarda ise kolostrum IgG miktar1 82.1 g/L
seviyelerinde oldugu bildirilmistir. Bunlarmm yani sira
gebeligin ikinci yarisindan itibaren yetersiz veya asirt
besleme yapilmast durumunda, kolostrum igerigi ve
miktarinda diistisler gozlenebilmektedir (10,11). Gebelik
doneminin sonlarinda yavrunun biiylimesi ile birlikte
uterusun rumen iizerinde baski olusturmasi KM alimim
siirlandirmaktadir. Bu neden hayvanlarm yem tiiketimlerini
artirmak igin lezzetli yemlerin kullanilmas1 KM tiiketimini
artirma yoniinde atilacak 6nemli adimlardan birisidir.

Enerji kaynaklarinin kolostrum iizerindeki etkisi

Gebeligin son iki aymnda ve laktasyonun baglarindaki
beslenme diizeyi, koyunun laktasyon donemindeki siit
verimi ile kuzularmn biiyiime performansii etkilemektedir
(12). Koyunlarm dogum &ncesi dénemde beslenmesi, sadece
gelismekte olan fetiisiin bilylimesini degil, ayn1 zamanda
koyunun dogum sonras1 kuzuya yeterli miktarda kolostrum
ve siit tiretme yetenegini de etkilemektedir (13).

Pratik olarak koyun yetistiricileri kolostrum tiretimi ile kuzu
sag kalimmi artirabilmek igin gebeligin son haftalan ile
dogumdan sonraki ilk birka¢ giin kisa siireli enerji
takviyeleri uygulamaktadir. Enerji takviyeleri genellikle
musir, yulaf, arpa, bugday gibi tahil taneleri ile yaglardan
olusmaktadir (14-18). Bu enerji takviyeleri diisiik viskoziteli
kolostrum sentezi, kuzularin hayatta kalma sansinin
artirilmast ve meme bezlerinde laktoz sentezi igin glikoz
prekiirsorii olarak goérev almaktadir (7). Tahil tanelerinin
rumende pargalanmasiyla nisasta agiga ¢ikmakta ve ruminal
sindirime ugramaktadir. Sindirilmeyen kismi ise ince
bagirsaklara gecerek burada var olan enzimlerle glikoza
kadar ayrismaktadir. Sindirilen nisasta siitiin bilesiminde
bulunan laktoz sentezine katilmak suretiyle siit gibi
kolostrum miktarim1 da artirmaktadir. Misirdaki nisastanin
ruminal fermantasyona direngli olmasi bu tahili gebeligin
son haftasinda koyunlarin beslenmesi igin yararli bir enerji
kaynagi haline getirmektedir. Tahillarin iglem gérmesi de
(yarma, ogiitme vs.) enzimlerin nisastaya ulagma hizinm
artirarak sindirilme derecesini yiikseltmektedir (19,20).

Gebeligin son haftasinda koyunlara verilen yiiksek enerjili
katkilarin, mevcut kolostrum miktarimi artirarak kuzularin
hayatta kalma oranimi artirabilecegi gosterilmistir. Ayrica
enerji takviyesi, yenidogan kuzu-koyun bagini yasamin ilk
saatlerinde daha ¢ok giiclendirmekte ve dogumda kuzunun
dingligini artirmaktadir (15).

Protein kaynaklarinin kolostrum iizerindeki etkisi

Protein igerigi yiiksek yem maddelerinin gebe koyunlarda
kullanimindan sonra meydana gelen kolostrum iiretimindeki
arti, esasen yiiksek protein igerikleri, ozellikle de ince




Bozok Vet Sci (2023) 4, (1): 41-44

Uysal
bagirsaklara by-pass protein saglamalarindan
kaynaklanmaktadir. Koyunlarin protein ihtiyaglarinin

kargilanamamasi durumunda ise {iretilen kolostrum miktari
azalmaktadir. Yiksek oranda rumende sindirilebilir protein
iceren (ac1t bakla gibi) yem maddelerinin yaninda asir
diizeyde sindirilebilir karbonhidrat tiiketimi dolasimdaki
amonyak diizeyinin toksik seviyelere ulagsmasina sebep
olabilir. Ayrica nisasta igerigi yliksek tahil tanelerinin
rasyondaki oranmmin artirilmast  hayvanlarin  protein
ihtiyacimt da artirmaktadir. Ciinkii ince bagirsaklara gelen
nisastanin sindirilebilmesi ic¢in gerekli olan pankreatik
enzimlerin iiretimi i¢in de protein gerekmektedir (7,21).

Koyunlara dogum o6ncesi ve sonrast donemde orta ila yiiksek
seviyelerde ham protein takviyesi, siitteki yag, protein ve
toplam kuru madde igerigini ve ayrica kuzunun dogum
agirhig ile giinliik canl agirhik kazancini artirmaktadir (13).
Iyi kaliteli meralarda otlayan gebe koyunlarin protein
ihtiyaglar1 genel olarak karsilanabilmektedir. Ancak ikiz
gebeligi olan koyunlara dogum oncesi kisa siireli takviyeler
yapmak kolostrum iizerine olumlu etki gdsterebilmektedir.
Gebelik doneminde ihtiyaclarin altinda yapilan beslemeden
sonra yapilan takviyelerle kolostrum miktar ve kalitesi ¢ok
hizli bir sekilde etkilenmektedir (7).

Yapilan bir c¢alismada gebe koyunlarda gebeligin son
doéneminde ihtiyacin 1.4 kat1 diizeyinde protein verilmesinin
kolostrum veriminde azalmaya neden oldugu bildirilmistir
(21). Ayrica koyunlara yiiksek diizeyde rumende
sindirilmeyen protein kaynaklarinin verilmesi de kolostrum
miktarini azalttigini bildiren ¢alismalar da mevcuttur (22).
Biitiin bu sonuglardan hareketle koyunlarda gebeligin son
doneminde yapilan yiiksek diizeyde protein takviyelerinin
kolostrum etki edebilecegi
sOylenebilmektedir.

lizerine olumsuz

Vitamin ve mineral kaynaklarinin kolostrum iizerindeki
etkisi

Geg gebelik ve erken laktasyon, koyunlarin yasamindaki en
kritik asamalardir. Vitamin ve mineralce eksik olan yemler
gebe koyunlarin gebeligin son doneminde sagligimi ve
laktasyonda ise performanslarini etkileyebilmektedir. Bu
nedenle, koyunlarin yasamlarindaki bu en stresli
donemlerinde  herhangi bir sagllk ve performans
probleminden korunmasi i¢in 6zel dikkat gosterilmesi
gerekmektedir.

Rasyondaki vitamin ve minerallerin diizeyi direkt olarak
kolostrum ve siitteki mineral maddelerin igerigini
etkilemektedir. Hayvanlarin tiiketmis oldugu yemlerde
selenyum (Se) veya E vitamini eksikligi bulunmasi, meme
hastaliklar ve metritis gibi problemlerle
sonuglanabilmektedir. Bu rahatsizliklar da kolostrum ve siit
kalitesini olumsuz etkileyebilmektedir (23). Meme bezinden
salgilanan kolostrum veya siitiin mineral madde igerigi siitte
bulunan kazein/total protein oranina bagli olup bu da

43

hayvanlarin beslenme sekliyle dogrudan iliskilidir. Kazeinin
kimyasal yapist suda ¢oziiniir kalsiyum fosfat, magnezyum
ve potasyum tuzlarindan olusurken, kazeinler yeni dogan
kuzu ve buzagilar igin ana mineral madde kaynagidir.
Vitamin ve maya ile birlestirilmis selatli minerallerle
desteklenmis yem rasyonlari, inek siitiindeki demir ve ¢inko
seviyesini iyilestirdigi bildirilmistir (24).

Gebeligin son dénemlerinde mineral boluslar ile beslenen
koyunlarin kolostrumlarinda KM ve protein igeriklerinin
yiiksek oldugu bildirilmistir (25). Ancak gebe koyunlarin
yiiksek vitamin ve mineral tiikketmesi kuzularin kolostral IgG
absorpsiyon yeteneklerini diisiirdiigii belirtilmektedir (26).

Sonug¢

Koyunlarda ve diger ruminantlarda yapilan aragtirmalar
incelendiginde gebelik doneminde yapilan besleme
uygulamalari, farkli besin maddelerinin rasyona eklenmesi
veya rasyondaki diizeylerinin degistirilmesi ile kolostrum
miktar ve kalitesinin degistirilebilecegi gézlenmistir. Kuzu
saglig1 agisindan 6nemli olan kolostrum iizerine etkili farkli
besleme stratejilerinin gelistirilmesi ile kuzu sagligi dolaylh
olarak desteklenebilmektedir. Ayrica gebelik doneminin
sonlarinda  yapilan besleme gebe
hayvanlarin sagligi ve laktasyon performanslart da olumlu
bir sekilde etkilenmektedir. Bu sebeple konu ile ilgili daha
fazla sayida c¢alisma  yapilarak kayiplar
engellenebilecek hem de koyunlarin gebelik donemi ile
laktasyon doneminde yasamasi muhtemel rahatsizliklarin
Oniine gecilebilecektir.

uygulamalar1 ile

kuzu

Kaynaklar

1. Canto F, Gonzilez E, Abecia JA. Effects of Implanting
Exogenous Melatonin 40 Days before Lambing on Milk and
Colostrum  Quality. Animals 2022; 12(10): 1257. doi:
10.3390/ani12101257.

2. Cam M, Iinal S. Siyah Alacalarda Kuru Doénem Siiresinin
Kisaltilmasi. Bahri Dagdas Hayvancilik Arastirma Dergisi 2021,
10(1): 64-75.

3. Mellor DJ, Flint DJ, Vernon RG, Forsyth IA. Relationships
between plasma hormone concentrations, udder development and
the production of early mammary secretions in twin-bearing ewes
on different planes of nutrition. Quarterly Journal of Experimental
Physiology: Translation and Integration 1987, 72(3): 345-356.
doi:10.1113/expphysiol.1987.sp003080.

4. Meyer AM, Reed JJ, Neville TL, Thorson JF, Maddock-Carlin
KR, Taylor JB, Caton JS. Nutritional plane and selenium supply
during gestation affect yield and nutrient composition of
colostrum and milk in primiparous ewes. Journal of animal
science 2011, 89(5): 1627-1639. doi:10.2527/ jas.2010-3394

5.  Parr RA, Davis IF, Miles MA, Squires TJ. Feed intake affects
metabolic clearance rate of progesterone in sheep. Research in
Veterinary Science 1993, 55(3): 306-310. doi:10.1016/0034-
5288(93)90099-2.

6. Parr RA, Davis IF, Miles MA, Squires TJ. Liver blood flow and
metabolic clearance rate of progesterone in sheep. Research in
Veterinary Science 1993, 55(3): 311-316. doi:10.1016/0034-
5288(93)90100-T.



https://doi.org/10.2527/

Bozok Vet Sci (2023) 4, (1): 41-44

10.

11.

12.

13.

14,

15.

16.

Banchero GE, Milton JTB, Lindsay DR, Martin GB, Quintans G.
Colostrum production in ewes: a review of regulation
mechanisms and of energy supply. Animal 2015, 9(5): 831-837.
d0i:10.1017/S1751731114003243.

Bermtidez R, Ayala W. Forage production in a native pasture of
the Lomadas del Este, Uruguay. Technical Bulletin INIA 2005,
151: 33-39.

Hawken PAR, Williman M, Milton J, Kelly R, Nowak R, Blache
D. Nutritional supplementation during the last week of gestation
increased the volume and reduced the viscosity of colostrum
produced by twin bearing ewes selected for nervous temperament.
Small Ruminant Research 2012, 105(1-3): 308-314.
doi:10.1016/j.smallrumres.2012.01.011.

Aydogdu U, Basgbug O, Agaoglu ZT. Kuzularda pasif immiinite.
Turkiye Klinikleri Veterinary Sciences-Internal Medicine-Special
Topics 2015, 1(3): 36-41.

Nowak R, Poindron P. From birth to colostrum: early steps
leading to lamb survival. Reproduction Nutrition Development
2006, 46(4): 431-446.

Wang X, Wang Y, Wang Q, Dai C, Li J, Huang P, Yang H. The
impact of early and mid-pregnant Hu ewes’ dietary protein and
energy levels on growth performance and serum biochemical
indices. Journal of Applied Animal Research 2023, 51(1): 174-
181. doi:10.1080/09712119.2023.2170385.

Ahmed MH, Salem AZM, Olafadehan OA, Kholif AE, Rivero N,
Mariezcurrena MA, Almaz, AHA. Effect of pre-and post-partum
dietary crude protein level on the performance of ewes and their

lambs. Small Ruminant Research 2016, 136: 221-226.
doi:10.1016/j.smallrumres.2016.02.002.
Fallah R, Kiani A, Khaldari M. Supplementing lycopene

combined with corn improves circulating IgG concentration in
pregnant ewes and their lambs. Tropical Animal Health and
Production 2021, 53(3): 360. doi:10.1007/s11250-021-02802-3.
Villar ML, Giraudo CG, Cueto MI. Short-term energy
supplementation before lambing improves maternal behaviour,
udder volume, colostrum viscosity and lamb birthweight in ewes
under extensive grazing. Small Ruminant Research 2023, 219:
106893. doi:10.1016/j.smallrumres.2022.106893.

Banchero GE, Quintans G, Vazquez A, Gigena F, La Manna A,
Lindsay DR, Milton JTB. Effect of supplementation of ewes with
barley or maize during the last week of pregnancy on colostrum
production. Animal 2007, 1(4): 625-630.
doi:10.1017/S1751731107691885.

44

18.

19.

20.

21.

22.

23.

24,

25.

26.

Hashemi M, Zamiri MJ, Safdarian M. Effects of nutritional level
during late pregnancy on colostral production and blood
immunoglobulin levels of Karakul ewes and their lambs. Small
Ruminant Research 2008, 75(2-3): 204-209.
doi:10.1016/j.smallrumres.2007.11.002.

Macias-Cruz U, Mejia-Vazquez A, Vicente-Pérez R, Correa-
Calderon A, Robinson PH, Mellado M, Avendaiio-Reyes L.
Effects of soybean oil inclusion in the pre-lambing diet on udder
size, colostrum secretion, and offspring thermoregulation and
growth in hair-breed ewes. Livestock Science 2017, 204: 7-15.
doi:10.1016/j.livsci.2017.08.006.

Huntington GB. Starch utilization by ruminants: from basics to
the bunk. Journal of animal science 1997, 75(3): 852-867.
doi:10.2527/1997.753852x.

Nocek JE, Tamminga S. Site of digestion of starch in the
gastrointestinal tract of dairy cows and its effect on milk yield and
composition. Journal of dairy science 1991, 74(10): 3598-3629.
doi:10.3168/jds.S0022-0302(91) 78552-4.

Ocak N, Cam MA, Kuran M. The effect of high dietary protein
levels during late gestation on colostrum yield and lamb survival
rate in singleton-bearing ewes. Small Ruminant Research
2005,56(1-3):89-94.doi:10.1016/j.smallrumres.2004.02.014.
Annett RW, Carson AF, Dawson LER. Effects of digestible
undegradable protein (DUP) supply and fish oil supplementation
of ewes during late pregnancy on colostrum production and lamb
output. Animal Feed Science and Technology 2008, 146(3-4):
270-288.d0i:10.1016/j.anifeedsci.2008.01.013.

Weiss WP, Todhunter DA, Hogan JS, Smith KL. Effect of
duration of supplementation of selenium and vitamin E on
periparturient dairy cows. Journal of Dairy Science 1990, 73(11):
3187-3194.doi: 10.3168/jds.S0022-0302(90)79009-1.
Pecka-Kietb E, Zachwieja A, Wojtas E, Zawadzki W. Influence
of nutrition on the quality of colostrum and milk of ruminants.
Mljekarstvo: Casopis za unaprjedenje proizvodnje i prerade
mlijeka 2018, 68(3): 169-181. doi:10.15567/mljek
arstvo.2018.0302.

Abdelrahman MM, Aljumaah RS, Khan RU. Effects of prepartum
sustained-release trace elements ruminal bolus on performance,
colustrum composition and blood metabolites in Najdi ewes.
Environmental Science and Pollution Research 2017, 24: 9675-
9680. doi: 10.1007/s11356-017-8625-1.

Boland TM, Keane N, Nowakowski P, Brophy PO, Crosby TF.
High mineral and vitamin E intake by pregnant ewes lowers
colostral immunoglobulin G absorption by the lamb. Journal of
Animal Science 2005, 83(4): 871-878.
d0i:10.2527/2005.834871x.




BOZOK VETERINER BiLIMLERI (BOZOK VET BiL)
YAZIM KURALLARI

AMAC

Bozok Veteriner Bilimleri’nde, Veteriner Klinik Bilimleri, Veteriner Klinik Oncesi Bilimleri, Veteriner Temel
Bilimleri, Gida Hijyeni ve Teknolojisi, Zootekni ve Hayvan Besleme alanlarinda hazirlanmis giincel ve 6zgiin
degeri olan orijinal arastirma makaleleri, olgu sunumlari, derlemeler, kisa bildiriler ve editdre mektuplar
yayimlanarak ulusal ve evrensel bilime katki saglamak amaclanmistir.

KAPSAM

Bozok Veteriner Bilimleri Yozgat Bozok Universitesinin bilimsel yayin organi olup Haziran ve Aralik
aylarinda olmak iizere yilda iki kez yayimlanir. Derginin kisaltilmig ismi ‘Bozok Vet Sci’dir. Yayin hayatina
2020 yilindan itibaren baglayacak olan Bozok Veteriner Bilimleri hakemli ve bilimsel siireli dergi olarak
yayinlanacaktir.

Dergimizde, Tiirkce ve Ingilizce dillerinden birinde hazirlanmis olan ve daha dnce baska bir dergiye es zamanh
olarak sunulmamis Veteriner Klinik Bilimleri, Veteriner Klinik Oncesi Bilimleri, Veteriner Temel Bilimleri,
Gida Hijyeni ve Teknolojisi, Zootekni ve Hayvan Besleme alanlarinda hazirlanmis orijinal arasgtirma makalesi,
olgu sunumu, davetli ve editor onay1 alinmis derlemeler, kisa bildiriler ve editdre mektuplar yaymlanir.

YAZIM KURALLARI (MAKALENIN-YAZININ HAZIRLANMASI)

. Yazilarin sorumluluklar1 yazarlarina aittir. Gonderilen yazinin yayimlanabilmesi i¢in, yayin kurulunca tayin
edilen danigmanlar tarafindan uygun bulunmas: sarttir. Dergide yaymlanan yazilar igin {icret ya da karsilik
6denmez. Kabul edilmeyen yazilar ve ekleri, aksi belirtilmedigi takdirde iade edilmez.

. Derginin yayn dili Tiirkge ve Ingilizce. Yaymin basinda, Tiirkce “Ozet”, ingilizce “Abstract” kisimlari yer
almalidir. Ozet (Abstract) béliimii 200 kelimeyi gegmemelidir.

. Metinde sade ve anlagilir bir yazim dili kullanilmali, bilimsel yazim tarzi benimsenmeli, gereksiz tekrarlardan
kacinilmali ve kisaltmalar ilk kullanildig1 yerde tanimlanmalidir.

. Bozok Veterinary Sciences’nde yayma kabul edildigi takdirde her tiirlii yaym hakkmin devredildigine dair
beyanlar1 kapsayan "Copyright Form - Yayin Hakki Devir S6zlesmesinin" sorumlu yazar tarafindan imzalanarak
pdf formatinda génderilmesi gerekmektedir.

. Dergiye sunulan g¢alismalarm "etik kurul onay1" sorumlulugu yazarlara aittir. Bununla beraber Editor,
gerektiginde yazarlardan etik kurul belgesi isteme hakkini sakli tutar.

. Makalede yer alan tiim yazarlarin bir bilimsel aragtirmaci tanimlama sistemi olan ORCID ID (Open Researcher
and Contributor Identifier) kayit numarasi bilgisini makale gonderilme agamasinda sisteme yiiklemesi
gerekmektedir. ORCID ID kaydi, http://orcid.org adresinden {icretsiz yapilabilir

. Yazigsma adresinde belirtilen yazar; tiim yazigsmalardan, makale iizerindeki degisikliklerden (yazar say1 ve
stras1 dahil) ve yayina kabul edilen yazilarin matbaa provasinin diizeltilmesinden sorumludur.

. Elektronik sunum: Yayin inceleme siirecini hizlandirmak amaciyla yazilar tam olarak elektronik olarak
sunulmalidir.

. Yayinlanmasi istenen ¢aligmalar; Microsoft Word 6.0 veya daha iist versiyonda, Times Roman yazi karakterinde
12 punto, ¢ift aralikli, sayfanin tiim kenarlarinda 3 cm bosluk olacak sekilde ve ilk sayfadan baslayacak sekilde
satir numaralart ile birlikte yazilmalidir. Calismada yer alan yazarlar ile ilgili bilgiler “Baslik Sayfasi-Title Page”
ile “Esas Dokiiman-main document” den ayr1 sunulmalidir. Orijinal aragtirma ve derleme makalelerinde 16 sayfa,
literatiir listesi miimkiinse ise 30 adet sinirini, sekil ve tablo sayisi ise 8 adet sinirin1 agmamasi tercih edilmelidir.
Kisa bildiri ve olgu sunumlarinda 10 sayfay1 agmamalidir.

Bozok Veteriner Bilimleri’ne génderilen yazilar, asagidaki siraya gore (Bashik, Ozet, Metin, Kaynaklar,
Tablolar ve Sekiller) diizenlenmeli, Tablo ve Sekiller ayr1 sayfalarda belirtilmelidir.

Dergiye gonderilen caligmalar Abstract, Ozet, Giris, Materyal ve Metot, Bulgular, Tartiyma ve Sonug,
Kaynaklar basliklarindan olugsmalidir. Giris, Materyal ve Metot, Bulgular, Tartisma ve Sonug bdliimleri numara
verilerek belirtilmelidir (1.Giris, 2.Materyal ve Metot, 3.Bulgular, 4.Tartisma ve Sonug). Alt bagliklar 1.1., 1.2.,
seklinde ardisik olarak numaralandirilmalidir. Referanslar boliimii numaralandirilmamalidir.

a. Baghk: Baslik kisa, agik, tiim harfleri biiyiik ve yazi igin uygun olmalidir. Ozellikle elektronik sunumda
makalenin sadece baslig1, (yazar ve kurum adresi vermeksizin) yazilmalidir. Bu yontem, yazilarin uzmanlarca
tarafsiz bir sekilde degerlendirilmesini saglamak amacryla uygulanmaktadir.

b. Ozet: Tiirke yazilarda Tiirkge ve Ingilizce 6zet olmahdir. Ingilizce yazilarda Tiirkce 6zet de gereklidir.
Ozet, 250 kelimeden daha uzun olmamali; amag, materyal ve metot, bulgular ile sonucunu igermelidir. Ozetlerin


http://orcid.org/

altina 4-6 adet anahtar kelime verilmelidir. Tiirk¢e anahtar kelimeler "Tiirkiye Bilim Terimleri (TBT)"ne uygun
olarak verilmelidir (Bkz. http://www.bilimterimleri.com). Ingilizce anahtar kelimeler "Medical Subject
Headings (MESH)" e uygun olarak verilmelidir (Bkz. http://www.nlm.nih.gov/mesh/MBrowser.html).

c. Metin: Arastirma makalelerinde; Girig, Materyal ve Metot, Bulgular ile Tartisma ve Sonug boliimleri, olgu
sunumlarinda ise; Girig, Olgu Sunumu, Tartisma ve Sonug bdliimleri olmalidir. Boliim basliklart ilk harfi biiyiik
olacak sekilde kiigiik harfler ile yazilmalidir. Yazilarda “Systeme International (SI)” birimleri kullaniimalidir.
Derleme makaleler igin hazirlanan 6zet derlemenin konusu hakkinda bilgi ve derlemenin amacindan
olugmalidir. Derleme makalesi “Giris” ile baglamali, yazar/lar tarafindan belirlenecek ara bagliklarla devam
etmeli, “Sonu¢” ve “’Kaynaklar’’ ile tamamlanmalidir.

d. Sembol, birim ve kisaltmalar: Dergimiz, Scientific Style and Format, The CSE Manual for Authors, Editors,
and Publishers, Council of Science Editors, Reston, VA, USA (7th ed.) tarafindan belirtilen sistemi kabul
etmektedir. X, u, n, veya v gibi semboller MS Word sembol listesinden segilerek kullanilmalidir. Derece (°)
sembolii gosterimi i¢in; “O” harfinin veya “0” rakaminin iist simge seklinde gosterilmesi ile yapilmamali
sembol meniisiinden kullanim tercih edilmelidir. Carpim “x” harfi degil sembol meniisii (%) kullanilmalidir.
Say1, birim ve matematiksel semboller (+, —, %, =, <, >), kullanildiktan sonra bir bosluk birakilmali (6rnegin.,
3 kg), ylizde isaretinden sonra bosluk birakilmamalidir (6rnegin, %45). Latince et al., in vitro veya in situ
terimleri italic olarak gosterilememelidir.

e. Kaynaklar: Kaynaklar metin iginde parantez i¢inde numara ile belirtilmelidir. Birden fazla kaynaga atif
yapilacaksa ayni parantez icerisinde belirtilmelidir 6rn, (3,5,7-11). Literatiir listesinde yer alan kaynaklarin her
biri i¢in metinde atif yapilmalidir.

Besten fazla yazar olan kaynaklarda, besinciden sonrasi i¢in “et al.” eki kullanilmali, asagida verilen
sistematik ile noktalama isaretleri ve yazim kurallarina dikkat edilerek yazilmalidir.

a. Kaynak siireli yayin ise; Ornek: Durmus I, Demirtas SE, Can M, Kalebas: S. Determining egg
consumption habits in Ankara. Tavukguluk Arastirma Dergisi 2007; 7: 42-45 (article in Turkish with an
English abstract).

b. Aslam B, Wang W, Arshad MI, Khurshid M, Muzammil S et al. Antibiotic resistance: a rundown of a
global crisis. Infection and Drug Resistance 2018; 11: 1645-1658. doi: 10.2147/IDR. S173867.

c. Kaynak editérlii kitaptan bir béliim ise; Ornek: Gay CC, Besser TE. Escherichia coli septicaemia in
calves. Gyles CL. eds. In: Escherichia Coli in Domestic Animals and Humans. Wallingford: CAB
International, 1994; pp.75-90.

d. Kaynak kitap ise; Ornek: Varley H, Gowenlock AH, Bell M. Practical Clinical Biochemistry. Fifth
Edition. London: William Heinemann Medical Books Ltd, 1984; p. 685.

e. Kaynak editorlii kitap ise; Ornek: Constable PD, Hinckliff KW, Done SH, Grunberg W. Veterinary
Medicine. Eleventh Edition. London: W.B. Saunders Company, 2017; p.57.

f. Kaynak kongre bildirisi ise; Ornek: Kirbas A, Degirmencay S., Kilinc AA, Eroglu MS. Increased
cardiac troponin-I concentration and cardiac enzyme activities in neonatal calves with sepsis. Second
International Veterinary Internal Medicine Congress. October, 11-13, 2019; Ankara-Tiirkiye.

g. Kaynak tez ise; Ornek: Kirbas A. Elazig, Samsun, Sivas, Tokat ve Yozgat illerindeki s1g1r ve
koyunlarda Kirim Kongo Kanamali Ates viriis enfeksiyonunun seroprevalansinin arastirilmasi, Doktora
tezi, Firat Univ Sag Bil Ens, Elaz1g 2009; s.1-2. (thesis in Turkish with an English abstract).

Web tabanh erisimler kaynak olarak gosterilmemelidir.

f. Tablolar; kaynaklar kismindan sonra, her bir tablo ayr sayfada olacak sekilde verilmelidir. Tablo basliklarinin
yalmzca ilk harfleri biiyiik olmalidir. Tablo bagliklar1 tablonun tizerinde bulunmali ve Tablo 1. (Table 1.)
seklinde numaralandirilmalidir. Tablolarda i¢ ve yan kilavuz ¢izgiler kullanilmamalidir. Tanimlayic: bilgi ve
aciklamalar tablolarin altina yerlestirilmelidir.


http://www.nlm.nih.gov/mesh/MBrowser.html)

Ornek:
Table 1. Determination of elements in Dogfish Liver certified reference material

Concentration (ug g%

Certified? FoundP® R(%)
AC\ 200 215+10 108
\I/ 0.6 0.56 + 93
¢ 0.01
Cre 14 1.52 +£0.02 109
Co° 0.25 0.28 +£0.02 112
As 9.66 + 0.62 9.55+0.16 99
Cd 243+0.8 24.2 +0.3 100
Cu 31.2+11 31.7+0.4 102
Fe 1833+ 75 1914+65 104
Pb 0.16 £ 0.04 0.16+0.02 100
Hg 2.58 +£0.22 2.31+0.02 90
Ni 0.97+0.11 0.94+0.03 97
Se 8.3+1.3 8.3+0.2 100
Ag 0.93 £0.07 0.86+0.01 92
Zn 116+6 113+ 97

1

& At 95 % confidence level

b X+SD =3 eInformation value

. Her resim, grafik ve cizim; sekil olarak kabul edilip Sekil 1. (Figure 1.) gibi yazilmali, her biri ayr1 sayfada
olacak sekilde verilmelidir. Tanimlayici bilgi ve acgiklamalar sekil ismi ile birlikte seklin altina
yerlestirilmelidir. Resimler 300dpi ¢oziiniirliikkte olmalidir.

Ornek:
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Yaymin baski 6ncesi matbaa provasi yazismadan sorumlu yazara gonderilir ve {i¢ giin icerisinde kontrol
edilerek dergiye geri gonderilmesi istenir.

Her yayin i¢in Bozok Veteriner Bilimleri'nin ilgili sayisi yazismadan sorumlu yazara génderilir. Makalelerin
PDF tiirii tam metin dosyalarina derginin web sayfasindan erisilebilir.



BOZOK VETERINARY SCIENCES ( BOZOK VET SCI)
WRITING RULES
Purpose

In Bozok Veterinary Sciences, by publishing original research articles, case reports, reviews, short papers and
letters to the editor with current and original value prepared in the fields of Veterinary Clinical Sciences,
Veterinary Preclinical Sciences, Veterinary Basic Sciences, Food Hygiene and Technology, Animal Science
and Animal Nutrition. It is aimed to contribute to national and universal science.

Scope

Bozok Veterinary Sciences is the scientific publication of Yozgat Bozok University and is published twice a
year, in June and December. The abbreviated name of the journal is Bozok Vet Sci. Bozok Veterinary
Sciences, which will start its publication life in 2020, will be published as a peer-reviewed and scientific
periodical.

In our journal, an original research article, case report, prepared in the fields of Veterinary Clinical Sciences,
Veterinary Preclinical Sciences, Veterinary Basic Sciences, Food Hygiene and Technology, Animal Science
and Animal Nutrition, which was prepared in one of the Turkish and English languages and was not presented
simultaneously to another journal, Invited and editor-approved reviews, short papers and letters to the editor
are published.

WRITING RULES (PREPARATION OF THE ARTICLE-ARTICLE)

1. Responsibilities of the articles belong to their authors. In order for the submitted manuscript to be
published, it must be approved by the advisors appointed by the editorial board. No fee or
compensation is paid for the articles published in the journal. Unaccepted manuscripts and their
appendices will not be returned unless otherwise stated.

2. The publication languages of the journal are Turkish and English. At the beginning of the publication,
the Turkish “Abstract” and the English “Abstract” sections should be included. The abstract section
should not exceed 200 words.

3. A plain and understandable writing language should be used in the text, scientific writing style should
be adopted, unnecessary repetitions should be avoided and abbreviations should be defined where they
are first used.

4. If accepted for publication in Bozok Veterinary Sciences, the "Copyright Form - Copyright Transfer
Agreement"”, which includes the declarations regarding the transfer of all kinds of publication rights,
must be signed by the responsible author and sent in pdf format.

5. Responsibility for the "ethics committee approval™ of the studies submitted to the journal belongs to
the authors. However, the Editor reserves the right to request an ethics committee document from the
authors when necessary.

6. All authors in the article are required to upload the ORCID ID (Open Researcher and Contributor
Identifier) registration number information, which is a scientific researcher identification system, to
the system at the time of submitting the article. ORCID ID registration can be done free of charge at
http://orcid.org.

7. The author specified in the correspondence address; He is responsible for all correspondence, changes
on the article (including the number and order of the author) and correction of the printing proof of the
articles accepted for publication.

8. Electronic submission: Manuscripts should be submitted fully electronically in order to speed up the
publication review process.

9. Studies to be published; It should be written in Microsoft Word 6.0 or higher, in Times Roman font,
12 points, double-spaced, with 3 cm margins on all sides of the page, and with line numbers starting
from the first page. Information about the authors in the study should be presented separately from the



a)

b)

c)

d)

€)

"Title Page" and "Main Document". It should be preferred that the original research and review
articles should not exceed 16 pages, the literature list should not exceed 30 if possible, and the number
of figures and tables should not exceed 8. Short papers and case reports should not exceed 10 pages.

10. Manuscripts sent to Bozok Veterinary Sciences should be arranged in the following order (Title,
Abstract, Text, References, Tables and Figures), Tables and Figures should be indicated on separate
pages.

11. Studies submitted to the journal should consist of Abstract, Abstract, Introduction, Material and
Method, Results, Discussion and Conclusion, References. Introduction, Material and Method, Results,
Discussion and Conclusion sections should be numbered (1. Introduction, 2. Material and Method, 3.
Findings, 4. Discussion and Conclusion). Sub-headings should be numbered sequentially as 1.1., 1.2.,.
The references section should not be numbered.

Title: The title should be short, clear, all capital letters and appropriate for the text. Especially in the
electronic submission, only the title of the article (without giving the author and institution address) should
be written. This method is applied to ensure that the articles are evaluated impartially by experts

Abstract: In Turkish articles, there should be an abstract in Turkish and English. Turkish abstracts are also
required for English articles. The abstract should not be longer than 250 words; should include the
purpose, material and method, findings and conclusion. 4-6 keywords should be given under the abstracts.
Turkish keywords should be given in accordance with "Turkish Science Terms (TBT)" (See
http://www.bilimterimleri.com). English keywords should be given in accordance with "Medical Subject
Headings (MESH)" (See http://www.nlm.nih.gov/mesh/MBrowser.html).

Text: In research articles; Introduction, Material and Method, Results and Discussion and Conclusion
sections, in case reports; There should be Introduction, Case Report, Discussion and Conclusion sections.
Chapter titles should be written in lowercase letters with the first letter capitalized. "Systeme International
(SO units should be used in manuscripts. The summary prepared for the review articles should consist of
information about the subject of the review and the purpose of the review. The review article should start
with "Introduction”, continue with subheadings to be determined by the author/s, and should be completed
with "Conclusion” and "References".

Symbols, units and abbreviations: Our journal accepts the system specified by Scientific Style and Format,
The CSE Manual for Authors, Editors, and Publishers, Council of Science Editors, Reston, VA, USA (7th
ed.). Symbols such as X, u, n, or v should be selected from the MS Word symbol list and used. For degree
(°) symbol display; It should not be done by showing the letter "O" or the number "0" as superscript, it
should be preferred to use from the symbol menu. Symbol menu (x) should be used, not the product letter
“x”. Numbers, units, and mathematical symbols (+, —, X, =, <, >) should be followed by a space (e.g. 3 kg),
not a percent sign (e.g. 45%). Latin et al., in vitro or in situ terms should not be shown in italics.

References: References should be indicated in the text with numbers in parentheses. If more than one
source is to be cited, it should be stated in the same parenthesis, eg (3,5,7-11). Reference should be made
in the text for each of the sources in the literature list.

12. In references with more than five authors, “et al." suffix should be used, and it should be written in the
following systematic, paying attention to the punctuation marks and spelling rules.

a) If the source is a periodical; Durmus I, Demirtas SE, Can M, Kalebas1 S. Determining egg
consumption habits in Ankara. Tavukguluk Aragtirma Dergisi 2007; 7: 42-45 (article in
Turkish with an English abstract).

b) Aslam B, Wang W, Arshad MI, Khurshid M, Muzammil S et al. Antibiotic resistance: a
rundown of a global crisis. Infection and Drug Resistance 2018; 11: 1645-1658. doi:
10.2147/IDR. S173867.

c) If the source is a chapter from the edited book; Gay CC, Besser TE. Escherichia coli
septicaemia in calves. Gyles CL. eds. In: Escherichia Coli in Domestic Animals and Humans.
Wallingford: CAB International, 1994; pp.75-90.

d) If the source book; Varley H, Gowenlock AH, Bell M. Practical Clinical Biochemistry.
Fifth Edition. London: William Heinemann Medical Books Ltd, 1984; p. 685.

e) If the source is an edited book; Constable PD, Hinckliff KW, Done SH, Grunberg W.
Veterinary Medicine. Eleventh Edition. London: W.B. Saunders Company, 2017; p.57.

f)  If the source is the congress notice; Kirbas A, Degirmencay S., Kilinc AA, Eroglu MS.
Increased cardiac troponin-1 concentration and cardiac enzyme activities in neonatal calves



with sepsis. Second International Veterinary Internal Medicine Congress. October, 11-13,
2019; Ankara-Tiirkiye

g) |If the source is thesis; : Kirbas A. Elaz1g, Samsun, Sivas, Tokat ve Yozgat illerindeki sigir
ve koyunlarda Kirim Kongo Kanamali Ates viriis enfeksiyonunun seroprevalansinin
arastirilmas1, Doktora tezi, Firat Univ Sag Bil Ens, Elazig 2009; s.1-2. (thesis in Turkish with
an English abstract).

Web-based access should not be cited as a source.

f) Tables; After the references part, each table should be given on a separate page. Only the first letters of
table titles should be capitalized. Table headings should be above the table and numbered as Table 1.
(Table 1.). Inside and side guide lines should not be used in tables. Descriptive information and
explanations should be placed below the tables.

Sample :
Table 1. Determination of elements in Dogfish Liver certified reference material

Concentration (ug g

Certified? Found® R(%)
Al° 200 215 £10 108
Ve 0.6 0.56 +0.01 93
Crt 14 1.52 £0.02 109
Co® 0.25 0.28 +0.02 112
As 9.66 + 0.62 9.55+0.16 99
Cd 243+0.8 242 +0.3 100
Cu 31.2+11 31.7+0.4 102
Fe 1833+ 75 1914+65 104
Pb 0.16 £0.04 0.16+0.02 100
Hg 2.58+0.22 2.31+0.02 90
Ni 0.97+0.11 0.94+0.03 97
Se 83+13 8.3£0.2 100
Ag 0.93 £0.07 0.86+0.01 92
Zn 116+ 6 113+1 97

2 At 95 % confidence level
b X£SD  n=3 cInformation value
Every picture, graphic and drawing; should be accepted as figures and written like Figure 1. (Figure 1.),

each one should be given on a separate page. Descriptive information and explanations should be placed
under the figure along with the figure name. Pictures must be at 300dpi resolution.
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The prepress proof of the publication is sent to the corresponding author and it is requested to be checked and
returned to the journal within three days.

For each publication, the relevant issue of Bozok Veterinary Sciences is sent to the corresponding author.
PDF-type full-text files of the articles can be accessed from the journal's web page.



BOZOK VETERINER BiLIMLERi
Yayin Haklar1 Devri Sozlesmesi

Makale Tiirii: () Arastirma () Olgu Sunumu () Derleme () Kisa bildiri (') Editore mektup

Biz tiirii ve bashigi yukarida belirtilmis makalenin yazarlar1 olarak; Bozok Veteriner Bilimleri’nin yazim ve yaym
sartlarin1 bilerek ve kabul ederek hazirlaylp yayimlanmasi dilegiyle Bozok Veteriner Bilimleri Editorliigiine
gonderdigimiz makalenin orijinal oldugunu, kismen veya tamamen daha 6nce yayimlanmadigini veya eszamanli olarak
bagka bir yayin kurulusuna gonderilmedigini, makale yayimlandiktan sonra ortaya ¢ikabilecek her tiirlii bilimsel ve etik
sorumlulugun bize ait oldugunu ve Bozok Veteriner Bilimleri’nin hi¢bir sorumluluk tasimayacagini, danisman ve dergi
editori tarafindan gerekli goriilen diizeltmelerle birlikte her tiirlii yaym hakkini, yazinin yayimlandig: tarihten itibaren
Bozok Veteriner Bilimleri’ne devrettigimizi taahhiit ederiz.

Bununla birlikte yazarlarin telif hakki disinda kalan patent vb. tescil edilmis haklari, yazarlarin kitap ve dersler gibi
calismalarinda makalenin tiimii ya da bir boliimiinii ticret 6demeksizin kullanim hakki, ticari amagla kullanmamak {izere
makaleyi cogaltma hakki saklidir.

Sorumlu Yazar
Adi ve Soyadi:
Adres:

Tel/Fax:

E-posta:

Not: Liitfen formu doldurduktan sonra pdf formatinda, baslangic sayfasi ve esas dokiiman ile birlikte e-posta
adresimize gonderiniz.

Elektronik posta:
bvs@bozok.edu.tr

bvs@yobu.edu.tr

Adres:

Yozgat Bozok Universitesi, Veteriner Fakiiltesi, Sorgun Meslek Yiiksekokulu Binasi, Ahmet Efendi Mah. Toki konutlar1
Yani 3500.Cad. No:4 66700 SORGUN/YOZGAT


mailto:bvs@bozok.edu.tr
mailto:bvs@yobu.edu.tr

BOZOK VETERINARY SCIENCES
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Article Type: () Research () Case Report () Review () Short Paper () Letter to Editor
ManusCriPt Totle: .. e

As the authors of the article whose type and title are mentioned above; We wish to prepare and publish Bozok
Veterinary Sciences with the knowledge and acceptance of the editorial and publication terms, and the article that we
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