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Abstract

In this study, the metapodial bones of sheep and goats which were found out at Yenikapi Metro and Marmaray archaeological
excavations in istanbul were used. The variability of characteristic features of mentioned metapodia (CV values) were examined and
calculations of shoulder heights were made with using metapodial evaluations. The results which were reached were compared with
the data of modern and archaeological sheep and goats which belong to previous studies about this topic. Hereat, it is observed that
the shoulder heights of Byzantine sheep are in same data range with Iron Age sheep and are in same size with one of the modern
breeds Tuj sheep. It is confirmed that the shoulder heights of the Byzantine goats are higher than Iron Age goats and are in same size
with one of the modern breeds Anatolian Black Goats.

Keywords: Metapodial bones, Yenikapi Metro and Marmaray, Sheep, Goat

Istanbul Yenikapi Metro ve Marmaray Kazilarinda Ortaya Cikan
Koyun ve Keci Metapodial Kemiklerinin Osteometrik incelenmesi

Ozet

Calismada, istanbul Yenikapi Metro ve Marmaray bolgesi arkeolojik kazilarinda ortaya cikarilan koyun ve keci metapodium’lari kullanildi.
S6z konusu metapodium’larin ana 6zelliklerinin degiskenlikleri (CV degerleri) incelendi ve metapodial 6lctimler kullanilarak omuz
yuksekligi hesaplamalari yapildi. Elde edilen sonuglarin bu konu tzerinde yapilmis ¢alismalardaki modern ve arkeolojik koyun-kegi
verileri ile karsilagtirimasi yapildi. Bunun sonucunda; Bizans donemi koyunlarin omuz yiiksekliginin, Demircag koyunlari ile ayni veri
araliginda, modern irklardan ise Tuj irki koyunlarinin ebatinda oldugu gézlendi. Bizans dénemi kecilerin omuz yiiksekligi, Demircad
kecilerinden daha yiiksek, modern irklardan ise Anadolu Kil kegisi ebatlarinda oldugu tespit edildi.

Anahtar sozciikler: Metapodial kemikler, Yenikapi Metro ve Marmaray, Koyun, Keci

with dating the archaeological material in the excavation
area, animal bones were also radiocarbon dated and the
mentioned skeletons belong to different ages between
early (4-7* century) and late (15% century) Byzantine .

INTRODUCTION

Yenikap! Metro and Marmaray excavations has started
with Marmaray sub-sea tunnel project in 2004 and is still
going on. Excavation area is 58.000 m? wide and with

many archaeological material, animal bones were also
found . The ongoing excavation confirmed that the
region is ancient harbour of Theodosius 3. Together

The excavation bones are not only giving information
about only animal-human relations, but also the para-
meters such as visual morphological features, diseases of

& lletisim (Correspondence)
+90 212 4737070/17193
>4 nazan@istanbul.edu.tr
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animal population and animal husbandry.

By examining the obtained ruins determination of
many morphological parameters were provided (weight,
shoulder height, age, sex, physical structure of animal) 59,
Information about visual morphology was obtained
by using evaluation of metapodia specially "%, For the
enlightenment of history of domestication of sheep 12
and goats '3 metapodia were often used to determining
morphological changes in this duration. In the studies,
estimated shoulder heights were calculated by using
evaluations of metapodia which obtained in archaeological
excavations and classification of species was tried to be
identified by comparing with archaeological data and
actual breeds.

In this study, the metapodial slenderness index which
classificates the individuals as “slender” or “thick” and
playing a role for determining of visual features was used
(SD/GL*100) 5413, Distribution of CV was examined for the
osteometric evaluation of aforementioned metapodiums
and the data which were used in identification of breed
were obtained by using these values ['617),

We believe that the metapodia data obtained will
enlighten the definition of sheep and goat population of
Byzantine age, socio-economic condition of region and
ancient animal husbandry of Istanbul where is the heart
of Byzatine.

MATERIAL and METHODS

In this study, the metapodial bones of adult sheep and
goat, which were found in Yenikapi Metro and Marmaray
excavations were used. For this purpose, sheep with
maximum numbers of 148 metacarpus and 219 metatarsus
bones were examined while maximum number of

Fig 1. Measurements taken from the
metapodial bones (sheep-goat), A- Dorsal
view of metacarpus; B- Lateral view of
metacarpus; C- Proximal view of metacarpus;
D- Proximal view of metatarsus; E- Distal
view of metatarsus

Sekil 1. Metapodium kemiklerinden alinan
Olclimler (koyun-keci), A- Metacarpus'un
dorsal goriintst; B- Metacarpus'un lateral
goriintst; C- Metacarpus’un proksimal go-
rinisl; D- Metatarsus'un proksimal gori-
niisl; E- Metatarsus'un distal gortiniisti

metapodial bones for goats were 65 and 92 respectively
which were examined.

Measurements of metapodial bones were taken by
digital calliper with precision of 0.01 mm. The measurements
were made as described in Onar et al.l'”, Berteaux and
Guintard ", Davis "®, Guintard and Lallemand"”, Daugnora"'®,
Driesch ', Haak 2%, Rowley-Conwy'’s 12" studies and taken
from measuring points which stated below.

Morphometric measurements (Fig. 1)

GL: Greatest length

Bp: Width of proximal end

Dp: Depth of proximal end

SD: Smallest width of diaphysis in the medio-lateral axis
d: Mid-shaft width of diaphysis

e: Mid-shaft depth of diaphysis in the dorso-palmar axis
DD: Smallest depth of diaphysis in the dorso-palmar axis
Bd: Width of distal end

Be: Greatest width of metaphysis in the medio-lateral axis
De: Greatest depth of metaphysis in the dorso-palmar axis
Dd: Depth of distal end

DIM: Antero-posterior diameter of the internal trochlea of
the medial condyle

DEM: Antero-posterior diameter of the external trochlea of
the medial condyle

DIL: Antero-posterior diameter of the internal trochlea of the
lateral condyle

DEL: Antero-posterior diameter of the external trochlea of
the lateral condyle

WCM: Medio-lateral width of the medial condyle

WCL: Medio-lateral width of the lateral condyle

Calculation of mean values, SD values and CV values
of above mentioned measurements were made for the
two breeds. SPSS 8.0 and Excel programs were used for
the calculation of statistical data. (SD/GL*100) metapodial
slenderness index which was used for determining the
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thinness of skeleton were calculated by using metapodial
calculation of bones of both species 51413,

Shoulder height estimation which provides to estimate
the visual morphology, has been calculated by using
metapodial values taken from sheep and goats %22, Visual
morphology was tried to be estimated by comparing the
data of shoulder heights of the two species with current
data of goat and sheep 12324,

RESULTS

Mean values, SD values and mean of CV values of
osteometric values of metapodial bones of sheep and
goats which were obtained from excavation for this
study was given in Table 1 and Table 2. Due to some of the
metapodial bones have only distal or proximal fragments,
material numbers which were used for each evaluation
was subject to vary.

According to osteometrical evaluation results of sheep
metacarpi, it was determined that the minimum variability
was in Dp measurement (CV: 8.40%) while the maximum
variability was observed in DD measurements (CV: 12.03%).
When metatarsi were examined, it was determined that
maximum variability was in DD (CV: 8.49%) and minimum
variability was in Bd (CV: 5.91%) (Table 1).

In the measurements of metapodium of goats for
metacarpus, it was found that maximum variability was in
Bd measurement (12.32%) and minimum variability was
in WCM (7.24%) measurement. The maximum variability

of goat metatarsi was in De measurements (%9.78) and
minimum variability was observed in DIL measurements
(6.79%) (Table 2).

Metapodial slenderness index was calculated for
metacarpi and metatarsi of both species seperately. While
metapodial slenderness index for metacarpi of sheep was
observed 11.70+1.12, index of metatarsi was determined
9.45+0.73 (Table 3). Aforementioned index values for
metacarpi and metatarsi were calculated 14.89+1.24 and
11.11+0.79 for goats respectively.

In this study, estimated shoulder heights of sheep and
goats were calculated by using metacarpi and metatarsi
which were obtained. Thus shoulder heights data were
acquired for both species (Table 3, Table 4). Mean value for
the shoulder height of sheep was estimated as 60.79 cm
while it was determined as 65.55 cm for goats. It was found
that the value of CV (7.89%) lower in shoulder height
results which were calculated with the values of metatarsi
of sheep was lower. For goats, unlike the sheep CV value
(8.18%) of estimated shoulder height was the lowest
which were determined by using results of metacarpus
measurements.

DISCUSSION

In this study, osteometric measurements were made on
metapodial bones of sheep and goats which were found
in istanbul Yenikapi Metro and Marmaray excavations.
The variabilities of main features of metapodia were
researched and these features were compared with the

Table 1. Morphometrical data of metapodial bones of sheep and calculation of CV %

Tablo 1. Koyunlarin metapodium kemiklerinin morfometrik verileri ve % CV hesaplanmasi

Bone Statistical Measurements
Values GL | Bp | Dp | SD | d e | DD | Bd | Be | De | Dd | DIM | DEM | DIL | DEL | WCM | WCL
N 136 | 147 | 147 | 148 | 148 | 148 | 148 | 136 | 145 | 145 | 135 | 135 | 137 | 135 | 136 | 135 | 134
Mean 124.91(24.51 | 17.51 | 14.56 | 14.71 | 10.98 | 9.98 | 26.74 | 27.00 | 14.10 | 16.42 | 14.24 | 11.98 | 14.32 | 11.06 | 12.66 | 12.14
SD 11.04 | 245 | 147 | 1.74 | 152 | 113 | 1.20 | 249 | 241 | 141 | 143 | 129 | 1.26 | 1.35 | 1.18 | 1.21 | 1.20
Metacarpus
Min 105.85(20.36 | 14.74 | 10.79 | 10.82 | 8.70 | 7.83 | 22.63|22.38 | 11.61|13.10 | 11.73 | 9.26 | 11.68 | 8.70 | 10.72 | 10.25
Max 180.31|47.31 | 28.03 | 25.73 | 25.64 | 19.09 | 18.49 | 48.85 | 45.12 | 24.04 | 25.15 | 23.86 | 21.82 | 24.99 | 20.40 | 23.27 | 22.52
%CV 8.84 | 10.00| 840 [11.92(10.32|10.25|12.03| 9.31 | 893 |10.03| 8.69 | 9.06 | 10.52 | 9.40 | 10.70 | 9.55 | 9.87
N 203 | 219 | 217 | 219 | 219 | 219 | 217 | 208 | 216 | 216 | 207 | 209 | 210 | 207 | 208 | 207 | 207
Mean 134.05|21.33 |1 21.15]12.61 | 12.90 | 12.15| 10.51 | 25.31 | 25.38 | 14.46 | 16.28 | 14.06 | 11.25 | 14.07 | 10.36 | 12.11 | 11.11
" SD 1057 | 145 | 148 | 1.02 | 1.08 | 0.95 | 0.89 | 1.50 | 1.69 | 1.18 | 1.16 | 0.92 | 0.84 | 0.92 | 0.76 | 0.77 | 0.67
etatarsus
Min 104.09(18.20 | 13.69 | 10.00 | 10.21 | 10.14 | 8.66 | 21.36|21.10| 11.68 {12.98 | 11.39 | 894 | 11.56 | 8.52 | 10.19 | 9.35
Max 161.29|28.87 | 25.28 | 15.47 | 15.94 | 15.36 | 14.45 | 29.51 | 30.84 | 18.55 | 20.36 | 17.31 | 14.53 | 17.55 | 12.84 | 14.37 | 13.14
%CV 7.89 | 6.78 | 6.98 | 8.05 | 833 | 7.86 | 849 | 591 | 6.64 | 820 | 7.10 | 6.57 | 747 | 6.57 | 7.38 | 6.33 | 6.05
GL: Greatest length, Bp: Width of proximal end, Dp: Depth of proximal end, SD: Smallest width of diaphysis in the medio-lateral axis, d: Mid-shaft width of
diaphysis, e: Mid-shaft depth of diaphysis in the dorso-palmar axis, DD: Smallest depth of diaphysis in the dorso-palmar axis, Bd: Width of distal end, Be: Greatest
width of metaphysis in the medio-lateral axis, De: Greatest depth of metaphysis in the dorso-palmar axis, Dd: Depth of distal end, DIM: Antero-posterior diameter
of the internal trochlea of the medial condyle, DEM: Antero-posterior diameter of the external trochlea of the medial condyle, DIL: Antero-posterior diameter of
the internal trochlea of the lateral condyle, DEL: Antero-posterior diameter of the external trochlea of the lateral condyle, WCM: Medio-lateral width of the medial
condyle, WCL: Medio-lateral width of the lateral condyle
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Table 2. Morphometrical data of metapodial bones of goats and calculation of CV %

Tablo 2. Kegilerin metapodium kemiklerinin morfometrik verileri ve % CV hesaplanmasi

Bone Statistical Measurements
Malues GL | Bp | Dp | SD | d e DD | Bd | Be | De | Dd | DIM | DEM | DIL | DEL |WCM | WCL
N 57 64 64 65 54 53 63 57 53 51 54 57 57 55 55 57 55
Mean 115.52|26.04 | 17.81 1730|1795 |11.42| 11.31 | 28.66 | 28.77 | 14.54 | 17.19 | 14.75 | 11.07 | 14.85 | 10.51 | 13.44 | 13.01
SD 944 | 215 | 147 | 180 | 1.85 | 1.09 | 1.19 | 3.53 | 3.08 | 140 | 1.33 | 1.40 | 0.89 | 1.40 | 0.82 | 0.97 | 1.08
Metacarpus
Min 99.57 | 21.77 | 14.82 | 13.34 | 14.05 | 9.56 | 9.36 | 15.86|18.64 | 11.69 | 14.12|12.00 | 9.66 | 12.10| 8.76 | 11.59 | 10.94
Max 142.92|30.51 | 21.15|22.10 | 22.92 | 15.88 | 15.03 | 35.50 | 34.15|17.14 | 19.70 | 19.79 | 13.33 | 19.49 | 12.55 | 15.48 | 15.71
%CV 8.18 | 825 | 8.24 | 1041|1033 | 9.52 | 10.5212.32|10.72| 965 | 772 | 949 | 805 | 945 | 782 | 7.24 | 8.27
N 78 920 88 92 76 76 87 75 69 69 76 77 77 77 78 76 75
Mean 121.13]20.83 | 19.67 | 13.53 | 13.88 | 11.62 | 10.36 | 25.03 | 25.42 | 13.87 | 16.04 | 13.77 | 10.44 | 13.87 | 9.97 | 11.83 | 11.24
SD 1140 | 153 | 1.70 | 1.23 | 1.27 | 113 | 093 | 1.88 | 212 | 136 | 1.29 | 095 | 0.83 | 0.94 | 0.71 | 0.91 | 0.92
Metatarsus
Min 97.78 | 17.73 11592 | 9.06 | 9.26 | 863 | 8.10 | 21.90|20.32 | 11.66 | 13.28 | 12.01 | 9.07 | 11.73 | 853 | 10.44 | 9.85
Max 165.19|24.24 | 2448 | 16.39 | 16.87 | 14.61 | 12.55|28.94|29.71 | 16.63 | 19.17 | 16.59 | 13.15| 16.21 | 11.50 | 14.10 | 14.84
%CV 941 | 736 | 864 | 912 | 912 | 9.70 | 897 | 749 | 832 | 9.78 | 804 | 690 | 791 | 6.79 | 711 | 7.70 | 8.19

GL: Greatest length, Bp: Width of proximal end, Dp: Depth of proximal end, SD: Smallest width of diaphysis in the medio-lateral axis, d: Mid-shaft width of
diaphysis, e: Mid-shaft depth of diaphysis in the dorso-palmar axis, DD: Smallest depth of diaphysis in the dorso-palmar axis, Bd: Width of distal end, Be: Greatest
width of metaphysis in the medio-lateral axis, De: Greatest depth of metaphysis in the dorso-palmar axis, Dd: Depth of distal end, DIM: Antero-posterior diameter
of the internal trochlea of the medial condyle, DEM: Antero-posterior diameter of the external trochlea of the medial condyle, DIL: Antero-posterior diameter of
the internal trochlea of the lateral condyle, DEL: Antero-posterior diameter of the external trochlea of the lateral condyle, WCM: Medio-lateral width of the medial

condyle, WCL: Medio-lateral width of the lateral condyle

Table 3. Metapodial slenderness index of sheep and calculation of
estimated shoulder height

Tablo 3. Koyunlarin metapodial incelik indeksi ve tahmini omuz
yliksekliginin hesaplanmasi

. Statistical Metacarpus Metatarsus
Animal Val
alues MSI | SH (cm)| MSI | SH(cm)
N 136 136 203 203
Mean 11.70 60.58 9.45 60.99
SD 1.12 5.36 0.73 481
Sheep .
Min 9.80 51.34 7.65 47.36
Max 19.66 87.45 11.80 73.39
%CV 9.56 8.84 7.77 7.89
MSI: Metapodial Slenderness Index, SH: Estimated Shoulder Height

Table 4. Metapodial slenderness index of goats and calculation of
estimated shoulder height

Tablo 4. Kecilerin metapodial incelik indeksi ve tahmini omuz yiiksekliginin
hesaplanmasi

. Statistical Metacarpus Metatarsus
Animal Val
alues MSI | SH(cm)| MSI SH cm)
N 57 57 78 78
Mean 14.89 66.42 11.11 64.68
SD 1.24 5.43 0.79 6.09
Goat .
Min 11.73 57.25 8.79 52.21
Max 17.06 82.18 12.75 88.21
%CV 8.34 8.18 7.11 9.41
MSI: Metapodial Slenderness Index, SH: Estimated Shoulder Height

previous studies about modern and archaeological sheep-
goat population.

CV values which were obtained from the measuring
points of metapodia of sheep and goats were calculated
(Table 5). While CV values of metacarpus measurements
of sheep varies between 12.03% (DD) and 8.40% (Dp),
these values were between 8.49% (DD) and 5.91% (Bd) for
metatarsus. The aforementioned values varies between
12.32% (Bd) and 7.24% (WCM) for metacarpi relating to
goats, where as 9.78% (De) and 6.79% (DIL) for metatarsi.
Obtained CV values were found as higher than the
maximum values which Haak 2% and Davis " and lower
than the maximum values that Guintard and Lallemand '
defined. Because there is not any sampling method for data
in archaeological excavations, homogeneous distribution
may not be expected. In this study, variation in CV values
suggests the bone samples probably belong to different
breeds and genders. The CV values are not high as much
as in modern breed studies "''”! so that it supports the
obtained sampling may be close to homogeneous.

Guintard and Lallemand "' noted in their studies
that GL is the main measurement for the assesment
of slenderness of bone. They used this parameter for
categorizing breeds as “tall” for higher and “short” for lower
than 135 mm. Considering the GL values of metacarpus
and metatarsus of sheep and goats which we used in our
study, these values vary between 115.52 mm and 134.05
mm and therefore individuals belong to both species
must be categorized as “short”.
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Table 6. Comparison of the estimated shoulder heights of sheep and goats unearthed at the Yenikapi Metro and Marmaray excavations with the current

breeds and archeological values

Tablo 6. Yenikapi Metro ve Marmaray kazilarindan elde edilen koyun ve kegilerin tahmini omuz ytiksekliginin giiniimiiz irklar ve arkeolojik verilerle

karsilastiriimasi

Morphological Appearance and Pattern

Breeds Shoulder Height (cm) Distribution Phenotypic Description Size
s

Upper Anzaf Castle Sheep 59.93

White Karaman' Male: 62-67; Female: 63-66 Eastern/Central Anatolia Fat-tailed Medium-size
Red Karaman' Male: 65-71; Female: 66-68 Eastern/Central Anatolia Fat-tailed Medium-size
Awassi' Male: 70-80; Female: 60-70 Eastern/Central Anatolia Fat-tailed Medium-size
Karakul? 65 Eastern/Central Anatolia Fat-tailed Medium-size
Tuj? 60 Eastern Anatolia Fat-tailed Medium-size
Daglig? 58 Central-west Anatolia Fat-tailed Small
ap e

Upper Anzaf Castle Goat 56.97

Angora Goat' Male: 55-60; Female: 50-55 Central Anatolia

Anatolian Black Goat'

Male: 65-70; Female: 65-73

All region in Turkey

Kilis Goat'

South-Eastern Anatolia

Male: 65-75; Female: 60-70

! Soysal et al.”?%, 2 Yalcin 2%

Comparing with the literature that categorize the
individuals as “heavy” and “light” according to metacarpus
Bp values higher and lower than 27 mm, the values of
individuals which belong to our study were evaluated
lower than 27 mm thus small ruminants from Byzantine
age defined as “light”. The results of GL and Bp of sheep
and goats in the zooarchaeological study of Onar et al.'®
are same with our results and show that same breeds
of that age are also “short” and “light”. The metapodial
bones were also used in osteological researches on
development of sheep in South England during post
medieval period "%, According to the results of metapodial
data, authors indicated that the sheep of that region were
“light”and “short”.

The morphological image of the sheep breeds in
that study have parallelism with the ones in our study.
Metapodial slender index was used in this study
(SD/GL*100) which classified the individuals as “slender”
and “thick”and effective for the evaluation of visual
morphology '#', While slenderness index varies between
9.45 and 11.70 for sheep, it was determined between
11.11 and 14.89 for goats. It is determined that results
showed similarities with the results of animal bones which
Onar et all'? stated as “short” and “slender” breeds and
obtained from Upper Anzaf Castle excavations.

The comparison of modern and archaeological sheep
goat data is given particularly in this study which shoulder
heights of both species are evaluated (Table 6) '°%24, The

size of the sheep of Byzantine age appear to be similar
according to modern Tuj sheep breeded in Eastern
Anatolia and archaeological Iron Age sheep. However the
goats are 10 cm higher than archaeological Iron Age goats
and in the same data range with modern breed “Anatolian
Black Goat” It is known that gender and breeding regions
are importantly effective on the size of goats '3l

Considering the examined metapodium numbers,
breeding and consumption of sheep are higher compared
to goats, same as Upper Anzaf Castle excavation studies.
Metapodial values obtained which enables to determine
the position of the population of sheep and goat and the
visual morphological structure of this population, are of
nature to enlighten the history of livestock in Istanbul
which is the heart of Byzantine.
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Abstract

This study was carried out to determine the effect of supplementary mineral amino acid chelate (ZnAA - MnAA) on the performance, egg
quality and some blood parameters of late laying period layer hens. A total of 320, 64 wk of age Lohmann LSL laying hens, were divided
into 4 groups with four replicates with 20 hen within each group. The control group was fed with basal diet and treatment groups were
fed basal diet containing 1, 2 and 4 g/kg mineral amino acid chelate (ZnAA - MnAA) for 12 weeks. At the end of the experiment, there
were no statistically difference among the groups in live weight, feed intake, feed conversion ratio, damaged egg ratio, mortality (P>0.05).
Egg weight (P<0.01), albumen weight (P<0.01), shell weight (P<0.05), yolk index (P<0.01), yolk ratio (P<0.01), albumen ratio (P<0.01),
and shell ratio (P<0.05) were found significant. The dietary supplementation of amino acid chelate (ZnAA - MnAA) were not significantly
affected serum total protein, glucose, total cholesterol, Calcium (Ca), Phosphorus (P), Zinc (Zn) (P>0.05). The only statistical difference was
found on the plumage score of the back region of hens (P<0.05). Also plumage coloring difference was statistically significant among
groups (P<0.01). In conclusion, the supplementation of 1 g/kg mineral amino acid chelate (ZnAA-Mn AA) increased egg weight and had
favourable effects on interior and exterior egg quality of laying hens in the late laying period.

Keywords: Chelate, Egg production, Egg quality, Mn-Aminoacid, Zn-Aminoacid

Ge¢ Yumurtlama Donemindeki Yumurtaci Tavuk Yemlerine
Mineral Aminoasit Selat (ZnAA - MnAA) Katkisinin Performans,
Yumurta Kalitesi ve Bazi Kan Parametreleri Uzerine Etkileri

Ozet

Bu ¢alisma ge¢ yumurtalama donemindeki yumurtaci tavuklarin yemlerine mineral aminoasit selat (ZnAA - MnAA) katkisinin performans,
yumurta kalitesi ve bazi kan parametreleri Gizerine etkisini belirlemek amaciyla yapilmistir. Calismada 320 adet 64 haftalik yasta lohmann
LSL beyaz yumurtaci tavuk 1 kontrol ve 3 uygulama grubu olacak sekilde 4 gruba ve her grup 20 tavuk iceren 4 tekerrir icermektedir.
Kontrol grubu bazal rasyon ile, uygulama gruplari ise 1, 2 ve 4 g/kg mineral amino asit selat (ZnAA - MnAA) iceren bazal rasyonla 12 hafta
beslenmistir. Arastirma sonunda, canl agirlk, yem tiketimi, yemden yararlanma orani, hasarli yumurta orani, 6lim orani bakimindan
gruplar arasinda istatistik agidan bir farklilik gériilmemistir (P>0.05). Yumurta agirhg (P<0.01), ak agirhidi (P<0.01), kabuk agirhgi (P<0.05),
sari indeksi (P<0.01), sari orani (P<0.01), ak orani (P<0.01), kabuk orani (P<0.05) degerleri istatiski agcidan énemli bulunmustur. Rasyona
mineral aminoasit selat (ZnAA - MnAA) ilavesi gruplarin kan serumu toplam protein, glukoz, toplam kolesterol, Kalsiyum (Ca), Fosfor
(P), Cinko (Zn) degerlerini istatistiki agidan etkilememistir (P>0.05). Tuy skorlamasi bakimindan gruplar arasinda farklilik sadece sirt
bolgesi tuylerinde istatistiki acidan 6nemli bulunmustur (P<0.05). Ayrica gruplar arasinda tly renklenmesi de istatistiki agcidan 6nemli
bulunmustur (P<0.01). Sonug olarak, ge¢ yumurtlama dénemindeki tavuk rasyonuna 1 g/kg mineral amino asit selat katkisi (ZnAA-Mn AA)
yumurta agirhgini artirmis ve yumurta ic ve dis kalite 6zellikleri Gizerine olumlu etkileri bulunmustur.

Anahtar sozciikler: Mn-Aminoasit, Selat, Yumurta kalitesi, Yumurta verimi, Zn-Aminoasit

INTRODUCTION shell usually declines. Older flocks lay larger eggs, which
break easily ". Maintaining eggshell quality is a complex

The drastic changes in egg quality is observed with the  activity, it is impossible, even with current knowledge, to
increasing flock age. As the hen ages, the thickness of the  correct all eggshell quality problems. Most of the scientific
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papers main topic is the improving the production and
quality of eggs specially late laying period 23\, It has been
suggested that part of losses in egg production are directly
connected with low eggshell quality ®and also the internal
quality of eggs is very important for the consumers &,

Traditionally trace minerals have been supplemented
to animal diets as inorganic salts. However, because of their
preintestinal absorption and after absorption in cellular
metabolism due to higher bioavailability when compared
with the same minerals in inorganic form, in recent years
organic minerals have began to gain importance 7, The
term “organic mineral” is used to denote minerals forms
chelated to an organic molecule, with the intention of
increasing mineral bioavailability in animal diets .

Zn and Manganese are the main trace minerals
involved in the metabolic process of eggshell formation.
Zn plays an important role in poultry, particularly for
layers, as a component of a number of metalloenzymes
such as carbonic anhydrase which is essential for eggshell
formation in the hens shell gland . The Zn deficiency
symptoms are suppressed immune system, poor feathering
and dermatitis, infertility and poor shell quality in poultry.
Deficiency of manganese could perosis, bone shortening ©!
and increases incidence of thin-shelled and shell-less eggs
in laying hens ['%. Therefore, supplementing the diet with
highly bioavailable minerals like trace elements mineral-
amino acid chelated or complexes were expecteted by
increases the eggshell quality 2. Researchers are reported
that amino acids in the organic-mineral chelate are also
used as a source of amino acid "2,

The trace minerals have been supplemented to animal
diets as inorganic salts. In recent years, there has been
studies on use of chelated or organic form of trace minerals
in animal diets. This is because use of organic trace
minerals in animal diets is improved growth, reproduction
and health in ruminants, broilers and laying hens 3],
Lima et all™ reported that supplementation of Zn-Met
chelate in single or in combination with Mn-Met chelate
increased specific gravity of egg, eggshell strength and
eggshell thickness. Park et al™ and Hudson et all'®, in
excess, Zn has detrimental effect on egg production,
affecting the absorption of nutrients, and causing lesions
in the pancreas and gizzard of laying hens. Abnormal
accumulation of Zn in the liver, result with decrease in
plasma Zn concentration 7.,

Feather cover is important for its insulation value and
protection from scratches and injury to the hen’s skin.
Severe feather pecking has been demonstrated in hens
that were fed with low mineral, protein or amino acid level
in the diet '8, Increasing the dietary protein and amino
acid contents resulted in improved plumage score ',

Although many studies have demonstrated benefits
of metal amino chelate on animal metabolism, but the

research on their effects on late laying hen performence is
limited. This study was conducted to determine the effect
of supplementary mineral amino acid chelate (ZnAA -
MnAA) on the performance, egg quality and some blood
parameters of laying hens in the late laying period.

MATERIAL and METHODS

The experiment was carried out on 320 hens of
Lohmann LSL white laying strain at the age of 64 weeks
and experiment was conducted during 12 week. Before
the experiment hens were placed cages for adaptation and
controlled their egg production values during two week.

The hens were weighed on a digital scale and randomly
assigned into 4 dietary treatment groups which are all
reared at first floor of the battery cages. One control
(0 g/kg) and three levels of L1 (1 g/kg), L2 (2 g/kg) and L3
(4 g/kg) mineral amino acid chelate containing diet were
used to feed the hens in each group (n=80). The size of each
cage was 50x45x45 cm. Each treatment group consisted
of 4 replicates in 4 different cages (5 birds per cage).

All experimental procedures were in accordance with
established standards for the care and use of animals for
research purposes. The experiment was conducted under
the protocol which was approved by Uludag University
Animal Use Local Ethical Committee (No: 2014-07-01).

Management

In the study a standard commercial layer diet was used
for a basal diet (16% CP and 2.700 ME kcal/kg). The diet was
formulated to meet or exceed National Research Council 2®
specifications. The chemical composition of the basal diet
fed to the hens were given in Table 1. The control group
(Control) was feed with a basal diet and other groups were
fed with basal diet supplemented with 1 (L1) g/kg, 2 (L2)
g/kg and 4 (L3) g/kg mineral amino acid chelate (5.000
mg/kg Zn Amino acid - ZnAA, 3.500 mg/kg Mn Amino acid-
MnAA and 85% CaCO, as carriers). During to trial, feed and
water were offered adlibitum to all hens. The hens were
placed into the cages and kept under 16L:8D light. The
environmental conditions were the same for all groups.

Data

The laying hens were weighed individually with a
digital scale (1 g) at the beginning and at the end of the
experiment. Eggs from each cage were collected 1 times a
day. Egg production as hen day (EP), number of damaged
eggs (cracked and soft-shelled eggs), mortality were
monitored daily. Feed intake (FI) and egg weight (EW) were
recorded on weekly basis. Based on the collected data,
the basic production parameters (egg production, feed
conversion ratio, and feed intake) were calculated. Egg
mass (EM) was calculated with formula as EM=(EP*EW)/
100. Feed conversion ratio (FCR) was calculated with
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Table 1. Chemical composition of diet used in the experiment
Tablo 1. Denemede kullanilan rasyonun kimyasal komposizyonu

Ingredient, % Layer Diet
Ground corn 64.74
Soybean meal (46% CP) 25.03
Dicalcium phosphate 1.42
Calcium carbonate 8.12
DL-methionine 0.02
NaCl 0.37
Vitamin and Trace mineral premix 0.30
Chemical Composition
Crude protein,% 16.0
ME, kcal/ kg 2700
Ca,% 3.00
Phosphorus,% 0.70
Metionin,% 0.33
Lysine,% 0.70
Cystine, % 0.31
* Ingredients in 1 kg of premix: Vitamin A 8.000 IU; Vitamin D, 2.000 IU;
Vitamin B, 4 mg; Vitamin B,, 10 mg; Vitamin E 15 mg; Vitamin K;2 mg;
Vitamin B, 3 mg; Niacin 30 mg; Cal-D-pantothenic acid 10 mg; Vitamin B
5mg; Folic acid 1 mg; D-biotin 0.05 mg; Vitamin C 50 mg; Choline Chloride
300 mg; Mn 60 mg; Zn 50 mg; Fe 60 mg; Cu 5 mg; Co 0.5 mg; lodine 2 mg;
Se0.15mg

formula as FCR= FI/EM. The FI and FCR were determined
for each replicate weekly.

Egg quality was assessed at 2, 4, 8, and 12" week of the
experiment, eighty eggs from each treatment group were
randomly collected to determine the egg interior and
exterior quality parameters. Subsequently the eggs were
weighed then broken, and the yolks were separated from
the albumen. The chalazae were carefully removed from
the yolk, using forceps, prior to weighing the yolk. The
shells were carefully washed and dried 24 h in a drying oven
at 105°C then weighed. Albumen weight was calculated by
subtracting yolk and shell weights from the original egg
weight. Eggshell thickness was measured at three different
egg points (air cell, sharp end, and any side of the equator)
using a caliper. An average of three different thickness
measurements from each egg was used to estimate the
eggshell thickness. The weights of egg components and
shell thickness were measured to the precision of 0.01 g or
0.01 mm, respectively. The data of egg weight, yolk weight,
shell weight (g) were recorded using digital scale.

The egg shape index (%) was determined by equipment
developed by Rauch and egg shell strength (kg/cm?)
was measured by special equipment. Egg yolk diameter,
albumen length, albumen width (mm) were measured
with digital caliper.

The albumen and yolk height (mm) were measure
using tripod micrometer. The proportion of eggshell,

albumen and yolk were calculated as (shell or albumen
or yolk weight/egg weight) x 100). Egg yolk index was
calculated as (yolk height/yolk diameter) x100. Albumen
index was calculated as (albumen height/(albumen
length + albumen width)/2)) x 100. The Haugh unit (HU)
was calculated by the formula HU = 100 Log (H + 7.57-
1.7W °37), where W refers to measurements of egg weight
(g) and H refers to albumen height (mm). The egg yolk
color was measure using color fans 24,

At the end of the treatment blood samples were
taken from nine hen from each treatment group for
determination of serum total protein, glucose, total
cholesterol, Ca, P and Zn level. Blood samples were
taken from the wing vein and immediately centrifuged
at 3.000 rpm for 15 min and the serum was removed in
vacutainer tubes 2. Serum levels of total protein, glucose,
total cholesterol, Ca and P were determined by use of
an Roche autoanalyser (Cobas 6000 series C501 module,
Roche Diagnostic, Indianapolis, IN, USA) and Roche kits
used. The serum Zn level was determined by use of atomic
absorption spectrophotometer (Atomic Absorption Spectro-
photometer AAnalyst 300, PerkinElmer, Shelton, CT, USA).

At the end of the study randomly selected 40 hens
from each treatment group was observed for plumage
condition and scored. Plumage condition was scored
using a 4 point scoring system 22 for 6 different areas
of the body (neck, breast, back, wings, tail, and vent). A
score of 4 indicated very good feathering with few worn
or otherwise deformed feathers. Score 3 was used when
feathers showed deterioration but when complete feather
coverage was observed. Score 2 indicated areas of the
body that showed marked deterioration with some part
being denuded. Score 1 indicated areas with little or no
feather coverage and when feathers were present they
were severely damaged.

The average plumage condition for each bird was
calculated by adding over all 6 areas, to yield a total
score ranging from 6 to 24 points. Also same person
did a macroscopical subjective scoring of the melanin
colorotion of feathers each individual hen at the end of
the trial, giving a score between 3 - point scoring system
for colured feathers of the body (back). A score 3 was used
when feathers intensive coloured with light grey-dirty
white colour. Score 2 was used when feathers few colured
with light grey-dirty white colour. Score 1 indicated no any
coloured feather on hen body.

Statistical Analysis

The parametric data (live weight, feed intake, egg
production, egg weight, egg mass, damaged egg ratio,
FCR, egg quality traits, blood plasma values) were analysed by
using PROC GLM procedure of statistical analysis software
(SAS v9.4) 31, The non-parametric (Plumage score) data
were analyzed with Wilcoxcon scores (Rank Sums) test
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with using PROC NPARTWAY procedure of SAS 9.4 and
Kruskal Wallis test was used to determine the differences
among groups . Differences were considered significant
at P<0.05. Mortality data were analyzed with using
PROC FREQ procedure and Chi-Square test was used to
determine the differences among groups. All statistical
analyzes were done with using SAS v9.4 23,

RESULTS

The mean live weight, feed intake, hen day egg
production, egg mass, feed conversion, damaged egg
ratio and mortality ratio of treatment groups were shown

in Table 2. There were no statistically differences among
the groups in live weight, feed intake, FCR, damaged egg
ratio, and mortality (P>0.05). The difference in hen day egg
production, egg weight and egg mass were statistically
significant (P<0.01).

The mean egg interior and exterior quality of treatment
groups were given in Table 3. The highest yolk index was
found in control group (P<0.01). The egg weight (P<0.01),
albumen weight (P<0.01), shell weight (P<0.05), yolk ratio
(P<0.01), albumen ratio (P<0.01), and shell ratio (P<0.05)
were found significant in the treatment groups.

The mean blood plasma total protein, glucose, total

Table 2.Mean live weight, egg production, feed intake, egg mass, FCR and mortality values of groups (n=80 hen)

Tablo 2. Gruplarin ortalama canli agirlik, yumurta iretimi, yem tiiketimi, yumurta kiitlesi, YYO ve 6liim orani degerleri (n=80 tavuk)

Diets’
Traits P
Control L1 L2 L3

Initial live weight, kg 1.74£0.04 1.81+0.05 1.77+0.03 1.83+0.04 ns.

Final live weight, kg 1.88+0.04 1.86+0.04 1.82+0.03 1.87+0.05 n.s.

Fl, g/d/hen 131.81+£5.14 126.99+£3.52 126.18+£3.69 126.47+£3.47 n.s.

EP, % 70.71£1.132 71.42+0.63° 66.47+1.01° 66.64+0.98° **

EM, g/d/hen 48.41+0.92* 51.00+0.46* 45.35+0.73¢ 46.49+0.72 **

FCR 2.75%£0.13 2.50%0.08 2.80£0.10 2.73£0.09 n.s.

Damaged Egg Ratio, % 3.02+0.67 2.66+0.12 3.20+0.74 2.32+0.31 n.s.

Mortality, % 5 5 0 2.5 ns.
a-<within column, values with different superscript letters differ significantly (P<0.01); ** P<0.01; n.s.: not significant; ' Control: Fed with basal diet, L1, L2, and
L3: Fed with basal diet containing 1, 2 and 4 g/kg mineral amino acid chelate (Zn Amino acid - Mn Amino acid; ZnAA - MnAA), respectively; EP: Henday egg
production, FI: Feed intake, EM: Egg mass, FCR: Feed conversion ratio, FCR= FI/EM

Table 3.Mean interior and exterior egg quality trait values of groups (n=80 egg)

Tablo 3. Gruplarin ortalama yumurta i¢ ve dis kalite ézellik degerleri (n=80 yumurta)

Diets’
Traits P
Control L1 L2 L3

Egg weight, g 68.71+0.43° 70.96+0.61° 68.61+0.56° 69.38+0.59%° **

Yolk weight, g 19.16+0.16 18.92+0.16 18.69+0.14 19.07+0.18 n.s.

Albumen weight, g 43.45+0.38° 45.78+0.48° 43.82+0.46° 44.35+0.47* **

Shell weight, g 6.09+0.08%° 6.26+0.07° 6.10+0.06° 5.97+0.07° *

Shell Thickness, mm 0.3774+0.00 0.3776+0.00 0.3763+0.00 0.3706+0.01 n.s.

Shell breaking strength, kg/cm? 0.85+0.09 0.78+0.07 0.88+0.07 0.71+0.08 n.s.

Shape index, % 75.38+0.25 75.08+0.28 74.44+0.27 74.81+0.28 n.s.

Albumen Index, % 7.61+0.15 7.58+0.19 7.66+0.17 7.54+0.16 n.s.

Yolk Index, % 45.07£0.29° 43.82+0.36° 43.48+0.34° 43.56+0.31° *x

Haugh Unit 75.80+0.78 75.55+1.04 76.74+0.89 76.27+0.88 n.s.

Yolk Color 12.08+0.17 11.65+0.15 11.91+0.13 11.66+0.16 n.s.

Yolk Ratio, % 27.94+0.25° 26.72+0.21° 27.30+0.18%° 27.53+£0.21° **

Albumen Ratio, % 63.19+0.26° 64.45+0.22° 63.80+0.20% 63.85+0.23%° **

Shell Ratio,% 8.87+0.10%° 8.83+0.06°° 8.91+0.07° 8.61+0.08° *
a<within column, values with different superscript letters differ significantly (P<0.05, P<0.01); * P<0.05; ** P<0.01; n.s.: not significant; ' Control: Fed with basal
diet, L1, L2, and L3: Fed with basal diet containing 1, 2 and 4 g/kg mineral amino acid chelate (Zn Amino acid - Mn Amino acid; ZnAA - MnAA), respectively
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cholesterol, Serum Ca, P and Zn values of groups were
given in Table 4. The dietary supplementation of amino
acid chelate (ZnAA - MnAA) were not significantly affected
plasma total protein, glucose, total cholesterol, Ca, P, Zn
(P>0.05).

The mean plumage score values of six regions of hen
body and plumage coloring were given in Table 5. The only
back region plumage score of hens was found significant
(P<0.05). Plumage coloring was greater in all treatment
groups and this difference was statictically significant
(P<0.01). But numerically highest plumage coloring was
found in 4 gr/kg mineral amino acid chelate (ZnAA-Mn AA)
supplemented group (L3) and there was not any plumage
coloring in control group.

DISCUSSION

Recently, organic trace minerals and especially mineral
amino acid complex or chelate have become the focus
of attention for the role in the high quality egg production
of layers and breeders > The organic trace minerals
have a greater bioavability compared with inorganic
trace minerals. This availability caused increased solubility
and decreased interaction with other nutrients during
absorption in gastrointestinal tract ?”. However mineral
amino acid chelate should be supplemented to diet of

Table 4. Blood plasma values of groups (n=9 hen)

layer hens for the optimal performance, in the present
study suplementation of ZnAA - Mn-AA chelate on diet
did not significally affect of groups live weight, feed
intake, FCR, damaged egg ratio, and mortality (P>0.05).
Rossi et al?® reported that increased level of organic Zn
(0, 15, 30, 45 and 60 ppm) supplementation had no effect
on live weight, feed intake, FCR and mortality in broilers
which was similar to the results of our study. According to
those authors, lack of consistent effects of dietary Zn on
performance of birds may be due to the amount of Zn
present in the basal diet or to the amount and sources such
as phytate, which forms insoluble complexes with Zn and
prevents its absorption, added. On the other hand, Ferket
et al? reported that 20 and 40 ppm Zn and Manganese-
methionine supplementation to turkey diets improved
FCR and also reduced mortality when compared to 80 ppm
zinc and 120 ppm manganese as sulfates. The percentage
of cracked egg was reduced by supplementation of Zn
and manganese chelate to the layer diets depend on
the significant effects of Zn and Manganese on carbonic
anhydrase activity levels which is essential for eggshell
formation, in the shell gland of laying hens ',

In the present study, supplementation of ZnAA -
MnAA on diet significantly affect hen day egg production
and egg mass of treatment groups (P<0.01). It has been
reported that the egg production B% and egg weight 1B"

Tablo 4. Gruplarin kan plazma degerleri (n=9 tavuk)

Diets’
Traits P
Control L1 L2 L3

Total Protein, g/dL 5.12+0.16 5.53+£0.15 5.03+£0.07 5.50+0.27 n.s.

Glucose, mg/dL 208.70+7.97 230.27+8.55 237.67+13.30 233.87+3.53 n.s.

Total Cholesterol, mg/dL 131.03+£13.05 173.23+£21.92 102.10+£16.86 181.73+£31.30 n.s.

Ca, mg/dL 25.83+0.62 28.73+0.77 23.80+1.73 28.30+1.74 n.s.

P, mg/dL 4.03+0.17 5.77%0.03 5.27+0.82 5.60+0.76 n.s.

Zn, ug/dL 421.67+41.47 423.33+13.64 496.67+22.31 398.33+£14.53 n.s.
n.s.: not significant; ' Control: Fed with basal diet, L1, L2, and L3: Fed with basal diet containing 1, 2 and 4 g/kg mineral amino acid chelate (Zn Amino acid -
Mn Amino acid; ZnAA - MnAA), respectively

Table 5. Mean plumage score and plumage coloring values of groups (n=40 hen)

Tablo 5. Gruplarin ortalama ttiy scoru ve tiiy renklenme degerleri (n=40 tavuk)

Body Region
Diets’ Total Plumage Coloring
Neck Breast Vent Back Wings Tail
Control 2.30+0.15 2.40+0.18 2.25+0.16 2.30+0.31° 2.80+0.17 2.10+£0.12 14.15£0.71 1.00+0.00°
L1 2.40+0.15 2.50+£0.18 2.30+0.15 2.90+0.18%* 2.60+0.11 1.90+0.07 14.60+0.60 2.50+0.11°
L2 2.40+0.15 2.50+0.15 2.40+0.18 3.50+0.19° 2.40+0.11 1.90+0.07 15.10+0.54 2.50+0.15°
L3 2.6040.21 2.80+0.17 2.60+0.18 3.20+0.23%* 2.70+0.15 2.20+0.14 16.10£0.75 2.70£0.122
P n.s. n.s. n.s. * n.s. n.s. n.s. **
abwithin row, values with different superscript letters differ significantly (P<0.05, P<0.01); * P<0.05; ** P<0.01; n.s.: not significant; Plumage scoring: 1 no
feather - 4 feathered; Plumage coloring: 1 no color- 3 colored; ' Control: Fed with basal diet, L1, L2, and L3: Fed with basal diet containing 1, 2 and 4 g/kg
mineral amino acid chelate (Zn Amino acid - Mn Amino acid; ZnAA - MnAA), respectively
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were increased with supplementation of layers diets with
organic form of Mn and Zn replacing inorganic forms of
minerals, depend on higher bioavability of organic form of
minerals. And also, Xavier et al.?? verified beneficial effects
on the performance and egg quality of brown layers during
the second laying cycle with the use of organic selenium,
Zn, and manganese combinations than inorganic forms.
In contrast to our findings some researchers have found
that supplementation of eggshell-49 (contained organic Mn
and Zn chelate) did not affect performance of layers 14331,
Mineral depended results were also reported by Lim
and Paik @ who have been found that egg production
was increased by Cu-Met chelate supplementation but
decreased by Zn-Met chelate supplementation. According
to authors it might be due to negative interactions between
minerals, such as; Zn has a strong antagonism with Cu.
Also Bulbul et al®¥ found that both organic and inorganic
sources of Zn and Mn decreased the oxidative stress in the
laying hens, whereas organic Cu source increased it.

Park et al" observed that at high dietary concentrations,
Zn can reduce the use of calcium by the hen, because this
element would be the first limiting factor for ovulation.
In the present study better results in 1 mg/kg ZnAA -
MnAA chelate group (L1) might be a result of sufficient
requirement need may be met to the hens at this level. On
the other hand, the similar results at higher levels of Zn in
mineral amino acid chelate might be a result of disruption
of feed ingredients in the digestive organs. Thus, Hudson
et all' observed that high level Zn supplementation to
diets had detrimental effects on egg production affecting
absorption of nutrients and causing lesions in the pancreas
and gizzard of laying hens.

Deficiency of manganese increases incidence of thin
shelled eggs . The use of organic complexes of Zn and Mn
could alleviate the negative effect of hen age on eggshell
breaking strength 5%, However improvement of eggshell
quality was expected by supplementation of Zn or Mn in
diets. In the present study, the difference in egg weight
(P<0.01), albumen weight (P<0.01), shell weight (P<0.05),
yolk ratio (P<0.01), albumen ratio (P<0.01), and shell ratio
(P<0.05) were found significant in the treatment groups.
But egg shell thickness and shell breaking strength were
similar to the control. A similar result have been reported
by Nys et al®¥ and Mabe et al®” who have been observed
that organic or inorganic Mn, Cu and Zn combinations
supplemented with diets, did not affect egg shell quality.
Zhao et al.®! found that basal diet supplemeted with
methionine trace mineral chelates improved egg quality
and physiological function of laying hens, also yolk weight
and proportion increased significantly. Ceylan and
Scheideler " found that Mn and Zn chelate supplemen-
tation to layer diets increased egg shell quality after 40
wks of age but, egg production and FCR did not affected
by supplementation of Mn and Zn chelate. Lima et al.'"!
reported that supplementation of Zn-Met chelate in single

or in combination with Mn-Met chelate increased eggshell
strength and eggshell thickness. However Lim and Paik @
found that supplementation of Zn-Met or its combination
with other mineral chelates (Cu-Met, Mn-Met) had no
beneficial effects on laying performance, but Zn-Mn-Met
treatment showed significantly better eggshell strength
than the control. Also Hudson et al.®® found that dietary
Zn in high concentration reduced shell thickness of eggs
of hens at 66 weeks of age.

The abnormal accumulation of Zn in the liver
causes decrease in plasma Zn concentration "), The
plasma total protein was increased with Zn-Gly dietary
supplementation in broilers ¥ and Zn proteinat in laying
hens “%, Uyanik et al" indicated that Zn supplementation
decreased serum cholesterol concentration of broilers and
Abd-El-Samee 2 of quails. However in the present study
dietary supplementation of ZnAA - MnAA chelate were
not significantly affected plasma total protein, glucose,
total cholesterol, Ca, P, Zn level (P>0.05). Our results are
in agreement with the findings of Giiclii and Iscan “3
who have been reported that organic Mn and Zn chelate
supplementation did not affect live weight, feed intake,
FCR, haugh unit and plasma Ca and P level. But in contrast
to our findings organic Zn supplementation to broiler diets
consistenly increased plasma Ca levels, that show that
interactive effects between Zn and Ca metabolism 5944,
Thus Dobrzanski et al*! found that organic form of Fe and
Mn supplementation to diet did not cause any significant
changes in the content of Fe, Cu, Mn and Zn in blood. Also
Aksu Saripinar et al*® found that using at much lower
level organic forms of minerals (Cu, Zn and Mn) in broiler
diets instead of inorganic forms of those minerals did not
created a negative impact on blood parameters.

Since feathers are 89-97% protein, dietary amino acids
play a critical role in feather development. Severe feather
pecking has been demonstrated in birds that were fed with
low mineral, protein or amino acid levels in diet ", In the
present study only back region plumage score of hens was
found significant (P<0.05). The better results in treatment
groups might be an effect of Zn and aminoacid on feather
development. However, increasing the dietary protein
and amino acid contents resulted in improved plumage
condition ¥, Also supplementation of Zn had an effect
on improved the feather score from poor to good “7., In
constrast to these results, it has been reported that dietary
amino acid or trace mineral treatment did not show any
significant effects on feather scores I'2,

Studies have shown that there is a high level of
correlation between the level of metal concentration
in bird’s diet and the level found in its feathers (melanic
pigmentation) “84%. Dobrzanski et al*' found that organic
form of Fe and Mn supplementation to diet resulted with
significantly higher level of Mn concentration in feathers
of hen than control group. Birds can eliminate heavy
metals in their feathers. The darker portions of the
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feather were enriched with Zn and Fe, which supports
the suggestion that feather melanins are efficient ligands
of some metals found in the environment, sequestering
potentially harmful particles away from the body B%.
In consistent with Chatelain et al.*" showed that darker
individuals had higher Zn in their feathers and effectiveness
of detoxification via melanic feathers may depend on
level of metal intake. During to present study we have
been observed that the hens white feather color was
changed to grey-dirty white color. In the present study
plumage coloring was greater in all treatment groups and
this difference was statictically significant (P<0.01). But
numerically highest plumage coloring was found in L3
group while there was not any plumage coloring in control
group. Indeed, high levels of mineral amino acid chelate
(ZnAA - MnAA) supplementation may have been resulted
toxic effects and performance loss and reduction in egg
quality could be considered due to this situation.

Animals absorb, digest and use mineral chelate better
than inorganic form of minerals. This means that lower
concentrations of organic trace minerals can be used in
animal feeds. In addition, animals fed chelated sources
of essential trace minerals excrete lower amounts in their
feces and so there is less environmental contamination.
The results of the current study showed that, the
supplementation of 1 g/kg mineral amino acid chelate
(ZnAA - MnAA) to diet increased egg weight, egg
production and had favourable effects on interior and
exterior egg quality of laying hens in the late laying period.
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Abstract

Coxiella burnetii is the causative agent of a very important disease with zoonotic potential. Domestic ruminants are very important
factor in transmission of this pathogen to humans. This pathogen can be found in feces, urine, lochia, placenta and milk of infected
animals. Of all these routes, the excretion through milk lasts the longest, and can last over several lactations. In this paper, we examined
the excretion dynamics of Coxiella burnetii through milk of seropositive cows and the levels of immunoglobulin G in milk and blood
serum. Correlation between these parameters is also examined. Milk samples from infected cows were used for somatic cell count
determination. The PCR method was used for determination of Coxiella burnetii genome. RID plates were used for determination of
concentration of immunoglobulin. The excretion of the pathogen through milk differed between different stages of lactation: it was
the lowest in the first stage (16.6%) and the highest in the second stage (80.0%). In the second stage the lowest concentration of
immunoglobulin G was detected in milk serum (4.0 g). Somatic cell count was increased, some samples had very high values.

Keywords: Coxiella burnetii, Cow, Inmunoglobulin, Somatic cells

Salgi Bozuklugu Olan ineklerde Coxiella burnetii'nin Atilimi

Ozet

Coxiella burnetiizoonotik potansiyele sahip cok nemli bir hastaliga neden olan bir ajandir. Etkeni insanlara aktarmada evcil ruminantlar
oldukga 6nemlidir. Etken enfekte hayvanlarin diski, idrar, vajinal akintilar, plasenta ve siitlerinde bulunabilir. Tim bu yollar arasinda sut
ile salinim en uzun stren salinim yolu olup birkag laktasyon periyodu siresince devam edebilir. Bu makalede, seropozitif ineklerde st
yoluyla Coxiella burnetii atihmi ile sit ve kan serumunda immunglobulin G seviyelerinin dinamikleri incelendi. Ayrica bu parametreler
arasindaki iliski de degerlendirildi. Enfekte ineklerden elde edilen sit 6rneklerinde somatik hiicre sayimi yapildi. Coxiella burnetii
genomunu belirlemek amaciyla PCR metodu uygulandi. Imminoglobulin konsantrasyonunu belirlemek icin RID plaklar kullanildi.
Patojenin st ile salinimi laktasyon devreleri arasinda farkhlik gosterdi; birinci evrede en distik olup (%80.0) ikinci evrede en yliksek
seviyedeydi (%16.6). Stit serumunda immunglobulin G konsantrasyonu en diistik ikinci evrede belirlendi (4.0 g). Somatik hiicre sayisi
artmis olup bazi 6rneklerde ¢ok yuksekti.

Anabhtar sézciikler: Coxiella burnetii, inek, immunglobulin, Somatik hiicre

INTRODUCTION

Q fever is a zoonosis caused by an obligate intracellular
microorganism, Coxiella burnetii. The disease is present
throughout the world. The most important source for
human infection is marked to be domestic animals. Dogs
and cats are responsible for spread of disease primarily in
urban areas. Ruminants are known to be the most important
source of infection in humans 2. In domestic animals, Q
fever mostly passes as a latent disease and the commonest
clinical symptoms are abortions and reduced fertility. In
addition to these symptoms related to the reproductive

tract, occurrence of pneumonia, mastitis and polyarthritis
have also been observed 2. The causative agent of Q fever -
Coxiella burnetii is an immobile Gram negative bacterium,
its life cycle is completed in phagosomes of infected cells &,
It has a cell membrane similar to that of other Gram-
negative bacteria. It is normally stained with Giemsa since
they stain poorly with the Gram stain ™. Coxiella burnetii
is very virulent, so the infectious dose could be only one
microorganism &,

The pathogenesis of this disease is characterized
with primary replication in the lymph nodes, followed

& lletisim (Correspondence)
+38 160/597-3600
>4 radinovic@polj.uns.ac.rs



164

Excretion of Coxiella burnetii ...

by stage of bacteremia and after that, localization of
agent in predilection organs: primarily in mammary
gland and uterus in pregnant animals . Localization
of pathogens in the mammary gland is critical for long-
term secretion through milk, so the cows can excrete the
agents through milk more than a year and even during
successive lactations ), while secretion through feces
and vaginal discharge lasts for a few weeks. Reservoirs of
the agent are only partially known, but certainly include
mammals, birds and arthropods, especially ticks. Although
40 species of ticks can be naturally infected with Coxiella
burnetii, they obviously do not have a great importance
for the infection of animals and humans ©. However,
the pathogen replicates in cells of the tick’s gut and it is
excreted in large number through the feces. Leather and
wool contaminated with feces of ticks can be a source of
infection either through direct contact or after inhalation
of dry feces. The farm animals - cattle, sheep and goats -
are the most common source for human infections. Pets
like dogs, cats or rabbits can also be source of infection
with Coxiella burnetii. There is a report on the occurrence of
disease in humans as a result of direct or indirect contact
with cats during parturition ©. In the case of dairy cows,
occupational exposure of humans to infection should
be highlight. Most exposed are veterinarians, farmers,
milkmen and workers in slaughterhouses and dairies.
In the general population, categories at risk are smokers
and immunocompromised persons "%, Some authors "
have also reported a significant association between sero-
positivity in humans and intake of non-pasteurized milk
and milk products, whether people were in contact with
animals or not.

While Coxiella burnetii is shed for extended periods in
milk of dairy cattle, and has been shown to be immuno-
genic in dairy cattle, potential associations with clinical
or subclinical mastitis only rarely have been examined 2,
A more recent report suggested that the prevalence
of Coxiella burnetii infections was higher among dairy
cattle with reproductive problems including mastitis '3l
For detection of Coxiella burnetii PCR method is highly
sensitive and specific detection method that has been
used previously to trace Coxiella burnetii in clinical samples.
A PCR performed with primers based on a repetitive,
transposonlike element (Trans-PCR) proved to be highly
specific and sensitive, but extraction of DNA from milk
samples took considerable effort and there was a high risk
of contamination due to the numerous preparation
steps . The objective of this work was to explore the
potential association between Coxiella burnetii detection
in milk by PCR and elevated SCC in milk in successive
lactation stages and also to recognize relation between
immunoglobulin G in milk serum and PCR detection in
milk. Findings of agent in milk does not always coincides
with serological finding, so seronegative animals can
also excrete Coxiella burnetii in milk '],

MATERIAL and METHODS

Serological screening of blood serum samples for
antibodies to Coxiella burnetii was performed on a farm with
200 holstein-friesian dairy cows by ELISA. Serum samples
were tested for Q fever antibodies using the indirect
ELISA kit (Idexx Switzerland, Switzerland), according to
the protocol recommended by the manufacturer. Sera
were prepared at 1:400 dilution, and specific antibodies
were detected using a peroxidase-labeled anti-ruminant
immunoglobulin G (IgG) conjugate. Results were expressed
as a percentage of the optical density reading of the test
sample (value), calculated as value = 100 x (S—N)/(P—N),
where S, N, and P are the OD of the test sample, the
negative control, and the positive control, respectively.
Sera were considered to be ELISA positive if they had a
value of 40% or more, suspect if the value was between
30% and 40%, and negative if the value was <30%.

Based on the results of the ELISA tests, an experimental
group of cows serologically positive for Coxiella burnetii
was formed. In total, the experiment included nine dairy
cows. The cows were in good body condition and showed
no clinical signs of disease. In beginning of experiment all
cows were in first lactation, and three of them newer got
pregnant again. From another six, who got pregnant,
one had abortion and five had normal calving.

From the experimental animals, milk samples during
lactation, pregnancy and the postpartum period were
collected during regular milking. With use of true-testers,
from each cow two milk samples were taken. One sample
was used for performing PCR and for determining of
immunoglobulin G concentration in milk serum. Another
sample was used for determination of somatic cell count.

In total 65 milk samples were taken during different
stages of lactation. Along with milk samples, blood
samples were also taken for determination of presence
of Coxiella burnetii in serum.

After arriving in the laboratory, milk samples were
placed in an incubator for 24-48 h. Incubation is carried
out at a temperature of 38°C to form coagulum and milk
serum. Blood samples were stored in room temperature
for 48 h to segregate the serum. The PCR method was
used to determine the presence of Coxiella burnetii
genome in milk and blood serum samples. For serum
samples, a 200-ul sample volume was used. Cells were
lysed with proteinase K (final concentration, 200 ug/
ml) at 56°C overnight. DNA was prepared with a Prep-
A-Gene purification kit (Bio-Rad, Munich, Germany) by
using 10 pl of silica matrix. DNA was eluted from the silica
matrix by adding 100 ul of Prep-A-Gene elution buffer.
To increase the yield, DNA was eluted at 56°C for 5 min
and centrifuged again. One microliter of supernatant
containing DNA was used for amplification. Followed
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primers were used: Trans1: 5-TGGTATTCTTGCCGATGAC-3;
Trans 2: 5'-GATCGTAACTGCTTAAT AAACCG-3.

To determine the concentration of immunoglobulin G
in milk and blood serum immunodiffusion method with
RID plates was used. The RID plates with monospecific
antiserum to bovine immunoglobulin G were provided by
INEP (Belgrade, Serbia). Sample of milk serum was poured
in wells of RID plate, and after incubation for 48 h in room
temperature reading of results was done. Reading was
done by measuring the diameter of the precipitation ring.
Diameter was measured by RID meter with an accuracy of
0.1 mm. The value obtained using the following formula
calculates the concentration of immunoglobulin in the
tested serum.

The formula for the calculation is: C = ((R>-b)/a) x 30,
where R is the radius of precipitation ring, b is a constant
whose value is 8.69, a is a constant with a value of 47.48.
The resulting value is the concentration of immuno-
globulin in the serum.

The correlation coefficient between IgG concentration
and presence of Coxiella burnetii in milk serum was
calculated using Statistica v. 7.5 software.

Research is approved by Ethics Commission to
safeguard the welfare of experimental animals of the
University of Novi Sad, number 01-153/7-3.

RESULTS

Processing of blood serum samples from 200 cows on
tested farm by ELISA test has shown antibodies for Coxiella

burnetii in 9 cows. These animals accounted for 4.5% of
total herd.

From seropositive cows, 65 samples of milk serum
were collected by successive lactation stages. The results
of the analysis of these samples using the PCR method
are shown in Table 1. During lactation, the excretion of
bacteria was greatest in the second stage when 80% of
milk serum samples were positive for Coxiella burnetii.
In the colostrums stage, there was a high percentage of
Coxiella burnetii excretion through milk (50% of positive
milk serum samples). The lowest percentage of excretion
through milk was in the first stage of lactation (Table 1).

In Table 2 presence of Coxiella burnetii in blood serum
of infected cows is shown. From Table 2 it can be seen
that during all lactation stages there was a small oscillation
in presence of agent in blood serum.

Concentration of immunoglobulin G in milk serum of
infected cows is shown in Table 3. Highest concentration was
in colostrums stage and significantly lower concentration
was measured in successive lactation stages.

Somatic cell count in cumulative milk samples was
measured during lactation stages and results are shown in
Table 4. 1t is evident that SCC in milk samples from infected
cows was increased during all lactation stages and some
samples had very high values.

The correlation coefficient between presence of
Coxiella burnetii genome in blood serum and excretion in
colostrums and milk during all lactation stages was 0.072.

The correlation coefficient between excretion of Coxiella

Table 1. Excretion of Coxiella burnetii through milk in different lactation stages

Tablo 1. Farkli laktasyon evrelerinde siit yoluyla Coxiella burnetii atilimi

Stage of Lactation Colostral Stage First Stage Second Stage Third Stage
9 First 10 Days 10-60 Days 60-180 Days Over 180 Days

Number of samples 4 8 20 33

C. burnetii excretion 50% 16.6% 80% 40.6%

Table 2. Presence of Coxiella burnetii in blood serum in different lactation stages

Tablo 2. Farkli laktasyon evrelerinde kan serumunda Coxiella burnetii varligi

Stage of Lactation Colostral Stage First Stage Second Stage Third Stage
9 First 10 Days 10-60 Days 60-180 Days Over 180 Days

Number of samples 8 21 30 6

C. burnetii in blood serum 50 % 66.6% 66.6% 48.6%

Table 3. Concentration of immunoglobulin G in milk serum in different lactation stages

Tablo 3. Farkli laktasyon evrelerinde siit serum immtinoglobiilin G konsantrasyonu

Stage of Lactation Colostral Stage First Stage Second Stage Third Stage
9 First 10 Days 10-60 Days 60-180 Days Over 180 Days

Number of samples 4 8 20 33

1gG concentration g/L 153.1£31.2 5.0+0.9 4.0+2.2 8.4+5.4
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Table 4. Somatic cell count in cumulative milk samples from infected cows

Tablo 4. Enfekte ineklerin kiimilatif stit drneklerinde somatik hiicre sayisi

Lactation Stage First Stage | Second Stage | Third Stage
10-60 Days 60-180 Days | Over 180 Days

147 526 1024

778 1795 103

2277 900 2000

1004 588 1193

SCCx 103/mL 419 169 836
1092 685 236

113 743 1236

361 1485 1048

= 1240 981

Average 773%711 903+512 961+558

burnetii through milk and of immunoglobulin G concentra-
tion in milk serum at each stage of lactation was 0.072.

DISCUSSION

Q fever disease caused by Coxiella burnetii, is an
important zoonosis found worldwide. In humans, it
causes a variety of diseases such as acute flu-like illness,
pneumonia, hepatitis, and chronic endocarditis. In animals,
Coxiella burnetii is found in the reproductive system, both
uterus and mammary glands, and may cause abortion or
infertility ..

The high prevalence of Coxiella burnetii infection in
dairy cattle with reproductive problems showed that these
infected cattle play an important role in maintaining the
infection and in disseminating the pathogenic agent to
environment. Thus, such excretions (milk, colostrums, urine,
and birth fluid) are considered to be potential sources
of infection in animals and humans via inhalation of
infectious aerosols or airborne dust '3,

According to our results (Table 1), the lowest percentage
of excretion of Coxiella burnetii was in the first stage of
lactation, amounting to 16.6%. With the transition to the
next stage of lactation, a striking increase in the percentage
of excretion was noticed. In the second stage it was
80%. In the third stage there was decrease to 40.6%. In
colostrums stage percentage of excretion through milk
was 50%. Similar results are published by Rodolakis et al."”
who claim that excretion of Coxiella burnetii through milk
starts after eight to twelve weeks of lactation in most
cows. This period coincides with second stage of lactation
as we divide it.

In blood serum of infected cows presence of Coxiella
burnetii was similar during all four lactation stages ranging
from 48.6% to 66.6%. Presence of Coxiella burnetii genome
in blood serum is consequence of lysis of infected cells

by antibody-dependent system. So bacteria became free
in blood serum 8, Reflecting these percents to whole
herd it can be calculated that 2.4% to 3.3% of all animals
have positive blood serum to Coxiella burnetii. This is
similar to findings of Kirkan et al.". Concentration of
immunoglobulin G in milk serum was highest in colostrums
stage (Table 3), this is in accordance with Leyton et al.”®.
Through the next two stages there was significantly lower
concentration of immunoglobulin so the lowest was in
second lactation stage (4.0 g/L). This is also the stage
with highest excretion of Coxiella burnetii through milk. In
third lactation stage there was increased immunoglobulin
concentration. These values are in accordance with
allegations of Bobos 2",

Analyzing values of somatic cell count in milk samples
from infected cows it can be concluded that during whole
lactation infected cows had increased number of somatic
cells, with some samples having very high values. Barlow et
all'? and Radinovi¢ et al.”? had similar finding examining
the milk from cows with Coxiella burnetii infection.

Infected cows shed Coxiella burnetii through milk
during whole lactation with highest intensity in the second
stage, while presence of pathogen in blood serum is similar
in all lactation stages. Concentration of immunoglobulin
G in milk serum corresponds to values in uninfected
cows. Somatic cell count is increased in infected cows
during all lactation stages.
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Abstract

In this study, the specific polymerase chain reaction has been standardized and evaluated for the direct diagnosis of Brucella canis in
vaginal swab samples from dogs. The specific primer sets are directed to the 165-23S rRNA inter-space region of Brucella spp. and the
deletion of 351 bp in BMEI1426-BMEI1427 in B. canis. A total of 21 references and field strains and 35 vaginal swab samples were used
for the evaluation of the polymerase chain reaction. It found that polymerase chain reaction is positive for B. canis DNA indicated by
only amplification of 214 bp product. It detected at least 2.7 x 10" CFU/g of bacteria diluted in vaginal swab samples indicates that the
polymerase chain reaction can be used as a practical alternative for bacterial isolation. The novel polymerase chain reaction provides a
simple and rapid for the detection of B. canis in clinical and field samples in one step and in short time about 24 h.

Keywords: Specific PCR, Brucella canis, Vaginal swab samples

Kopeklerde Brucella canis’in Teshisi Amaciyla Yeni Polimeraz
Zincir Reaksiyonu Metodunun Gelistirilmesi

Ozet

Bu calismada, kdpeklerin vajinal sivap 6rneklerinden Brucella canis (B. canis)'in direk teshisi amaciyla spesifik polimeraz zincir reaksiyonu
metodu standardize edildi ve degerlendirildi. Brucella spp.!in 165-23S inter-space bdlgesine ve B. canis'in BMEI1426-BMEI1427 gen
bolgesinde ki 351 bp'lik delesyon alanina 6zgii primer ciftleri secildi. polimeraz zincir reaksiyonu yonteminin degerlendirilmesinde
toplam 21 referans ve saha susu ile 35 vajinal sivap 6rnegi kullanildi. Sadece 214 bp'lik amplifiye polimeraz zincir reaksiyonu Griniiniin
goriintilenmesi B. canis icin pozitif olarak kabul edildi. Vajinal sivap 6rneklerinden en az DNA tespit limiti yeni metot icin 2.7 x 10’
CFU/g bakteri olarak bulundu. Bu ydontem bakteriyel izolasyon metoduna pratik bir alternatif olabilir. Yeni polimeraz zincir reaksiyonu
testi B. canis'in klinik veya saha 6rneklerinden 24 saat suirede ve tek adimda hizli ve basit tespitini saglamaktadir.

Anahtar sozciikler: Spesifik PZR, Brucella canis, Vajinal sivap drnegi

INTRODUCTION

Brucella (B.) canis is main etiologic agent of canine
brucellosis and induces various reproductive failures in
dogs and in human. It was first isolated from dogs in 1966
by Leland Carmichael. Canine brucellosis is an important
disease because it causes the great economic losses in
commercial breeding kennels and threats public health.
The other smooth Brucella species (B. abortus and B.
melitensis) have occasionally been isolated from dogs in
various regions of the world ™. Canine brucellosis is found
most of the world but Australia and New Zealand appear

to be free M and the global prevalence of the disease is
unknown 2. Normally, B. canis infections in humans have
been seen through either laboratory accidents or contact
with positive dogs ['34,

The main clinical findings of canine brucellosis are
reproductive failure such as late abortion, birth of weak
offspring, epididymitis, orchitis, and testicular atrophy.
Lymphadenitis is a common finding in both sexes, affecting
most lymph nodes in the body . The only definitive
method for diagnosis of canine brucellosis is based on
the isolation of B. canis from various clinical samples 367,
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However, microbiological culture method has some dis-
advantages such as it is time consuming, includes complex
tests, requires skilled personnel and is hazardous for
laboratory workers 471, Generally, serology can be used
for diagnosis of infection but cross-reactions between B.
canis and other bacteria can occur in some serological
tests. Nonspecific agglutination reactions also cause false-
positive results in some dogs “#,

In fact, the polymerase chain reaction (PCR) is a rapid,
very specific, highly sensitive, and inexpensive technique
for Brucella DNA detection. Hence, it is an alternative to
bacteriological isolation for direct diagnosis of canine
brucellosis "%, Several studies were carried out in recent
years in order to standardize PCR assays for the detection
of B. canis DNA in various clinical samples including canine
blood, semen, vaginal swab, blood serum, lymphoid
tissue "¢ However, the PCR assays were used Brucella
genus-specific primer pairs that were directed to the
16S-23S rRNA interspace and/or the virB2 gene regions
of Brucella spp. The Bruce-ladder multiplex PCR assay has
been developed as a rapid and one-step molecular test
for identification, typing of Brucella species and enhancing
to distinguish between B. suis and B. canis "8, However,
this method is rarely used for direct detection of Brucella
species DNA in clinical samples, because it was designed
for bacterial isolates ™. It is recently reported that,
Bruce-ladder multiplex assay does not yield ideal results
when DNA is extracted directly from clinical samples
because of uneven amplification pattern ',

With the above consideration in mind, the aim of this
study is to use the novel PCR assay to detect B. canis in pure
bacterial culture and vaginal swab samples, for the first
time. The primers are directed to the 165-23S rRNA inter-
space region of Brucella spp. and the deletion of 351 bp
in BMEI1426-BMEI1427 in B. canis ">?%, |t proved that the
PCR assay discriminates B. canis from other Brucella species
and also detects the other Brucella species as Brucella spp.

MATERIAL and METHODS

Bacterial Strains

Strains examined in this study are lisited in Table 1.
Brucella isolates were classified according to standard
microbiological procedures, as described by Alton et al.Bl.

Dogs

Vaginal swab samples were collected from 35 bitches
from the city’s pound of Konya Province of west-central
Turkey in the years 2012. Breeds included Boxer (2), Golden
Retriever (1), Kangal (3), and Mongrel (29). The ages of the
dogs were in the range of 1 to 10 years. Clinical signs that
suggested canine brucellosis were investigated in these
dogs by questionnaire forms that were obtained from
the Veterinarian of the city pound. These data stated that

Table 1. Strains examined in this study and PCR pattern
Tablo 1. Bu calismada kullanilan suslar ve elde edilen PZR bantlari

Strain Source Biovar LTl
(bp)
Brucella canis NCTC 10854 = 214
Brucella canis field isolate 1 - 214
Brucella canis Field isolate 2 = 214
Brucella canis field isolate 3 = 214
Brucella canis field isolate 4 = 214
Brucella abortus S99 biovar 1 214.774
Brucella abortus field isolate biovar 1 214.774
Brucella abortus field isolate biovar 3 214.774
Brucella abortus field isolate atypical 214.774
Brucella melitensis 16M ATCC 10094 | biovar 1 214.774
Brucella melitensis field isolate biovar 1 214.774
Brucella melitensis field isolate biovar 3 214.774
Brucella melitensis field isolate atypical 214.774
Brucella suis Unknown biovar 1 214.774
Brucella ovis ATCC 25840 - 214.774
Brucella neotomae ATCC 23459 - 214.774
Rhizobium tropici CIAT 899 = =
Escherichia coli field isolates - -
Pasteurella haemolytica | field isolates - -
Staphylococcus aureus | field isolates - -
Listeria monocytogenes | field isolated - -

generalized lymphadenitis, metritis, vaginal discharge, still-
birth, osteomyelitis, uveitis, lethargy, decreased appetite,
weight loss, and hyperthermia were seen and some of
the dogs were reported to have received antibiotics.

Vaginal swab samples were collected in duplicate from
the 35 bitches by sterile swabs. One of the swab samples
was placed in a tube containing 2 mL of Brucella Broth
(Sigma, B3051, MO, USA) for bacterial isolation. The other
sample was put into a tube containing 2 mL of TE buffer
(10mM Tris-HCI pH 8.0, TmM disodium EDTA pH 8.0) and
was kept at -20°C until used for the PCR assay.

Vaginal swab samples from three dogs were
contaminated with B. canis NCTC 10854 (supplied by Refik
Saydam Hifzissihha Institute, Ankara, Turkey) to determine
the detection limit of the PCR assay. The dogs were
previously diagnosed as negative to canine brucellosis
by clinical, serological and culture examinations. Tested
samples were transported to the laboratory under cool
condition. The study protocol was approved by Selcuk
University Veterinary Faculty Ethical Committee (2007/24).

Bacteriological Examinations

Samples were processed using the method described
by Alton et al.®l. Vaginal swab sample was immediately
cultured onto Blood Agar Base (Oxoid, CM0271, Hampshire,
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UK) plates containing 5% defibrinated sheep blood with
an antibiotic mixture. The cultures were incubated at 37°C
under aerobic conditions for 7 days. B. canis were identified
by morphological and biochemical characteristics.

DNA Extraction

First, reference and field strains were grown in Brain
Heart Infusion Broth (Oxoid, CM225, Hampshire, UK).
Bacteria were killed by addition of 0.5% formaldehyde.
After that DNA was extracted using the protocol
provided in Promega Wizard Genomic DNA purification
Kit (Promega, A1120, WI, USA). DNA concentration was
determined spectrophotometrically (Eppendorf, Model
6131, Germany) by absorbance readings in the range of
260 to 280 nm.

B. canis DNA from vaginal swab samples was extracted
using the protocol reported by Leal-Klevezas et al.?". Two
mL of Tris EDTA (TE) buffer containing swab samples was
used for this purpose. The DNA samples were kept at -20°C
until used as templates for amplification.

PCR Assay

The two primer sets of the 165-23S rRNA inter-space
region of Brucella spp."! and the deletion of 351 bp in
BMEI1426-BMEI1427 in B. canis 2% used in this study are
recorded in Table 2.

The amplification reaction mixture was prepared in a
total volume of 50 L containing 5 pL of 10 x PCR buffer,
250 puM each of the four dNTPs (Fermentas, Vilnius,
Lithuania), 1.5 mM MgCl,, 1.5 U of Tag DNA polymerase
(Fermentas, Vilnius, Lithuania), 0.5 uM of each primer (IDT,
USA) and 5 pL of template DNA. The amplifications were
performed in a thermal cycler (Ependorf, Mastercycler
gradient, Germany) with the following steps: 1 X 7 min at
95°C, 30 x 45 s at 95°C, 45 s at 63°C, 120 s at 72°C, and
a final extension at 72°C for 5 min. DNA extracted from
B. canis NCTC 10854 and nuclease free water was served
as positive and negative controls, respectively. The PCR
product (10 pL) was further analyzed by electrophoresis
on 2% agarose gel, and the gel was stained with ethidium
bromide (1.5 pug/mL) and photographed. Reactions were
considered positive for B. canis when they yielded unique
PCR product of 214 bp but products of 214 and 774 bp
were accepted positive for the other Brucella species.

Table 2. Primers used in this study
Tablo 2. Bu ¢calismada kullanilan primerler

Primers DNA Sequence (5’-3') L(:;g;:h Source
ITS66 ACATAGATCGCAGGCCAGTCA

214 Keid et al.l"”!
ITS279 AGATACCGACGCAAACGCTAC
BMEI1426 | TCGTCGGTGGACTGGATGAC

774 | Zygmunt et al.2%
BMEI1427 | ATGGTCCGCAAGGTGCTTTT

Determination of Detection Limit of the PCR

Detection limit of the PCR assay was evaluated using B.
canis NCTC 10854 reference strain. The suspension of the
72 h culture of B. canis was prepared in sterile saline and
10-fold dilutions (107" to 107 for determine of colony-
forming unit (CFU) and concentration of undiluted B. canis
culture calculated as 2.1 x 10’ CFU/mL by microbiological
culture method. To determine the sensitivity of the assay,
decreasing numbers of B. canis culture (methanol killed)
were added to the 1 mL of the vaginal swab samples
(obtained by three number of non-infected bitches). The
final concentrations of B. canis in mixture were 2.1 x 107,
2.1x10%2.1x10°%2.1x10%2.1x10%2.1x102and 2.1 x 10
CFU/g. DNA extraction was performed with all dilutions
of mixture, as described previously 2. Then DNA samples
processed by PCR assay as described above.

RESULTS

The PCR assay was evaluated with 21 reference and
field isolates (Table 1). All B. canis strains exhibited unique
PCR band of 214 bp. However, other Brucella species such
as B. abortus, B. melitensis, B.ovis, B. suis and B. neotomae
showed 2 bands of 214 and 774 bp. No PCR products were
amplified with DNAs from bacteria genetically related to
Brucella such as Rhizobium tropici and other non-Brucella
organism commonly associated with animals (Table 1).

To determine the analytical sensitivity of the assay,
decreasing numbers of B. canis were added to the vaginal
swab samples. A positive PCR product for B. canis always
achieved with different amounts containing at least 2.7
x 10" CFU/g of vaginal swab samples. The limit of PCR
detection of B. canis was determined to be 2.7 x 10' CFU/g
at least.

A total of 35 vaginal swab DNA samples were tested
by the novel PCR assay. Namely, B. canis DNA was not
detected from any vaginal swab samples in addition to
that the samples were bacteriological negative.

DISCUSSION

Microbiological culture method and serological
tests are widely used for diagnosis of canine brucellosis.
The isolation of agent from different tissues of dogs is
still considered as the gold standard for the definitive
diagnosis of infection 572223 These methods have some
disadvantages, while the PCR assay is fast, simple, highly
sensitive and specific for detection of B. canis "' A very
specific, highly sensitive and reliable diagnostic PCR assay
for B. canis is very important for controlling the spread
of infection in animal population and public health. In
the present study, a species-specific PCR assay was
designed and evaluated for detection and differentiation
of B. canis in vaginal swab samples.
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The primers that used in the novel PCR assay were
directed to the 165-23S rRNA inter-space region of Brucella
spp. and the deletion of 351 bp in BMEI1426-BMEI1427
in B. canis ">, This PCR assay discriminated B. canis from
other Brucella species in a single reaction. The specificity of
the species-specific PCR assay was explored with bacteria
related to Brucella including Rhizobium tropici, Escherichia
coli, Pasteurella haemolytica, Staphylococcus aureus and
Listeria monocytogenes (Table 1) and it demonstrated a
remarkable good specificity. However, B. canis is main
etiological agent of canine brucellosis but the other
smooth Brucella species (B. abortus and B. melitensis) have
occasionally been isolated from dogs . A major advantage
of the present assay is that it can directly identify B. canis
at species level and also detected all other Brucella species
as Brucella spp. in clinical samples.

In our study, decreasing numbers of B. canis were added
to the vaginal swab samples to determine the analytical
sensitivity of the assay. The novel PCR assay detected at
least 2.7 x 10" CFU/g of bacteria diluted in vaginal swab
sample. This good analytical sensitivity agreed with the
analytical sensitivity of Brucella genus-specific PCR assay
from vaginal swab samples as previously described ',

The degree of sensitivity of PCR assay is a key issue
for its effective use in detection of brucellosis ?%. In our
study, to detect the sensitivity and specificity of PCR assay,
a total of 35 vaginal swab samples were tested with the
PCR and culture methods. All samples were found negative
for B. canis by two methods and in a full consistence with
data between the PCR assay and culture method, the
gold standard method for direct diagnosis of B. canis.

Finally, we concluded that, the novel species-specific
PCR assay has been developed for the direct diagnosis of B.
canis in vaginal swab samples from dogs. It was proved that
the PCR is highly specific and sensitive for detection of B.
canis. This technique open a new gate to detect alternative
for bacterial isolation. We strongly believe that the PCR
assay provides a simple and rapid tool for detection of
B. canis in one step and one day. It is suitable for routine
diagnosis of this disease and can be used for confirmation
of B. canis cultures.
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Ozet

Ciftlik hayvanlarinin ekonomik 6neme sahip protozoonlarindan Toxoplasma gondii ve Neospora caninum’un ara konak yabani kuslardaki
molekdler tanisi hakkinda az sayida arastirma bulunmaktadir. Turkiye'de bu parazitlerin yabani kuslarin beyin dokularindaki molekdler
prevalansi bilinmemektedir. Bu calismada, Tirkiye'nin iki farkli ekocografyasinda bulunan 20 yabani kus turiine ait 101 adet beyin
dokusunda T. gondii ve N. caninum’un varligi polimeraz zincir reaksiyonu (PZR) metodu ile arastirilmistir. Arastirma sonucunda yabani
kuslarin beyin dokularinda T. gondii %9, N. caninum %14, her iki tlire ayni anda rastlanma orant ise %4 olarak tespit edilmistir. Elde edilen
verilere Ki kare testi uygulanmistir. Sonug olarak bu calismada T. gondii'nin Corvus corone (Gri les kargasi), Melanitta fusca (Kadife érdek),
Aquila heliaca (Sah kartal), Aquila pomarina (Kii¢iik orman kartali), Buteo rufinus (Kizil sahin), Accipiter nisus (Bayadi atmaca), Strix aluco
(Alaca baykus)'un beyin dokularinda ve N. caninum’un Larus genei (ince gagali marti), Corvus corone, Melanitta fusca, Anas clypeata (Bayagdi
kasik gaga), Perdix perdix (Cil keklik), Aquila heliaca ve Buteo rufinus'un beyin dokularinda PZR metoduyla diinya'da ilk tespiti yapilmistir.
Arastirma Turkiye'deki yaban kuslarinda T. gondii ve N. caninum’un molekiiler tanisi amaciyla yapilan ilk caismadir.

Anahtar sézciikler: Toxoplasma gondii, Neospora caninum, Yabani Kus, Beyin, PZR

Molecular Diagnosis of Toxoplasma gondii and Neospora caninum
in Brain Tissues of Some Wild Birds

Abstract

There are limited molecular studies about Toxoplasma gondii and Neospora caninum which are economically important livestock
protozoons in wild birds investigated by polymerase chain reaction (PCR) method. Molecular prevalance of both parasites in brain
tissues of wild birds in Turkey is unknown. Prevalance of T. gondii was 7%, N. caninum was 14% and mix infection was found 4% in brain
tissues of 101 wild birds under 20 species from two different regions of Turkey. The chi-square test has been applied to the acquired
data. This is the first molecular biologic investigation for the aim of PCR diagnosis of T. gondii in brain tissues of Corvus corone, Melanitta
fusca, Aquila heliaca, Aquila pomarina, Buteo rufinus, Accipiter nisus, Strix aluco and N. caninum in brain tissues of Larus genei, Corvus
corone, Melanitta fusca, Anas clypeata, Perdix perdix, Aquila heliaca, Buteo rufinus in the world. This also is the first molecular diagnostic
investigation of T. gondii and N. caninum in brain tissues of wild birds in Turkey.

Keywords: Toxoplasma gondii, Neospora caninum, Wild bird, Brain, PCR

konak sigir ve atlarda degisen oranlarda aborta neden
olabilen protozoal bir enfeksiyon etkenidir 2. Her iki
parazit tiriinin diinyadaki prevalansi yiksektir. Ozellikle
evcil ciftlik hayvanlarinda neden olduklari verim kayiplari
ciddi ekonomik zarara yol agmaktadir &,
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acabilen, kedigillerin son konak oldugu sistemik protozoal

bir enfeksiyon etkenidir. Neospora caninum ise son konak
kopeklerde sinirsel bozukluk ve fel¢ semptomlarina, ara

Yabani kus tirleri N. caninum ve T. gondii'nin enfektif
formlarini, avladiklar kicuk hayvanlar, yedikleri les, bit-
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kisel besin veya su gibi kontamine gidalarla alirlar. Yirtici
memelilerin besin zincirinde bulunan yabani kus turleri T.
gondii ile N. caninum’a konaklik yaparlar. Son yillarda yapi-
lan arastirmalar, kus turlerinin N. caninum ve T. gondii'nin
epidemiyolojisinde aldigi role dikkat cekmektedir &4, Bildir-
ain, keklik ve tavuklarda N. caninum ile yapilan deneysel
enfeksiyon calismalarinda kekliklerde mortalite orani %100
olarak tespit edilirken bildircin ve tavuklarda sinirsel semp-
tomlar ve doza bagli degisen mortalite oranlari bildirilmis-
tir 571, Yabani kuslarin beslenme ve ireme amaciyla farkl
ekocografyalarda bulunmalari, avlanan kuglarin kismen ya
da tamamen dogaya atilmasi gibi faktorler T. gondii ve N.
caninum’un epidemiyolojisinde 6nem kazanmaktadir &2,

Diinya'da T. gondii ve N. caninum’un yabani kuslardaki
molekiiler tanisi ve prevalansi hakkinda az sayida arastir-
maya rastlanirken Tirkiye'ye ait molekuler tani kaydina
rastlanmamustir. ispanyada yapilan bir arastirmada 14 farkli
kus tiiriine ait 200 adet 6rnek incelenmesi sonucunda T.
gondii %6, N. caninum %1.5 oraninda PZR pozitif olarak
bildirilmistir . italya'da (¢ farkli érdekgil tiirtine ait 103
ornekten Uclinde T. gondii PZR pozitifligi saptanmigtir '3,
Toxoplasma gondii ve N. caninum’un kuslardaki teshisi
genellikle parazitin konvansiyonel teknikler ile izole edil-
mesi veya serolojik metotlar ile yapilmaktadir. Arastirma
konusu hakkinda az sayida molekdler biyolojik tani ¢alis-
masl bulunmaktadir. Bu arastirmada 20 farkl kus tiriindn
beyin dokularinda T. gondii ve N. caninum’un molekiler
tanisi PZR metodu ile arastirilarak bazi yabani kus tiirlerine
ait dunyadaki ilk veriler elde edilmistir.

MATERYAL ve METOT

Calisma Alanlarinin Ozellikleri

Iliman Akdeniz iklimine sahip olan Hatay ili, 36°14
Kuzey ve 36°10 Dogu koordinatlarinda yaklasik 6.000 km?
yiiz6lciimiine sahiptir. Cebelitarik bogazindan sonra diinya-
da ikinci 6nemli gé¢men kus glizergahi lizerinde yer alan
Hatay ilinde bulunan Amik Go6li ve Asi Nehri ¢cevresinde
cok sayida ve daginik sulak alanlar bulunmaktadir. Van
ili karasal iklime sahip Dogu Anadolu bolgesinde, 38°29
Kuzey ve 43°40 Dogu koordinatlarinda yaklasik 19.000
km? yiizélciimine sahiptir. Van ilinde yer alan diinyanin
en biylk sodali goli olan Van Goli cevresinde ¢ok sayida
sulak alanlar bulunmaktadir. Her iki il sahip olduklari
ekocografya ile ¢ok sayida ve tiirde, yerli ve go¢men kusun
yasamasina uygun habitat saglamaktadir.

Calisma Materyalini Olusturan Kuglarin Toplanmasi
ve Tiirlerinin Tanimlanmasi

Bu arastirmada incelenen ornekler Hatay ve Van illerini
temsil etmektedir. Hatay ilinde 2007-2014 yillari arasinda
atesli silah ya da travma sonucu yaralanan 79 adet yabani
kus Mustafa Kemal Universitesi, Veteriner Fakiiltesi Hayvan
Saghgi Arastirma ve Uygulama Merkezinin cerrahi klinigine
getirilmistir. Bu kuslardan acil olarak midahale edilen

ancak tedavi ve operasyonlara ragmen kurtarilamayan 24
adeti arastirmaya dahil edilmistir. Yiiziincii Yil Universitesi,
Yaban Hayati Koruma ve Rehabilitasyon Merkezine acil
tibbi yardim amaciyla getirilen yabani kuslardan tedavi
ve operasyonlara ragmen kurtarilamayanlar ile 6li olarak
bulunan Anas clypeata, Melanitta fusca, Anser anser tirleri
ve 2012-2013 yili av sezonunda yakalanan yabani kuslara
ait toplam 77 adet kusun bas kisimlari arastirmaya dahil
edilmistir. Kus tirlerinin teshisinde ilgili literatiirlerden
faydalanilmistir 048, Arastirmada yer alan tirlerin sayisal
dagihmi soyledir. Van iline ait yabani kus turi sekiz, 6rnek
sayisi 77 olup, Perdix perdi (n=14), Anser anser (n=7), Columba
oenas (n=5), Pica pica (n=1), Anas clypeata (n=9), Melanitta
fusca (n=3), Corvus corone (n=21), Larus genei (n=17) dir.

Hatay iline ait yabani kus tiirii 12, 6rnek sayisi 24 olup,
Aquila heliaca (n=3), Hieraaetus pennatus (n=2), Aquila
pomarina (n=1), Buteo rufinus (n=5), Buteo buteo (n=4),
Accipiter nisus (n=1), Phoenicopterus roseus (n=1), Ciconia
ciconia (n=3), Caprimulgus europaeus (n=1), Apus apus
(n=1), Strix aluco (n=1) ve Merops apiaster (n=1)dir.

Genomik DNA Ekstraksiyonu ve PZR

Arastirmada kullanilan 6rnekler -24°C'de ya da %70'lik
etil alkol icerisinde muhafaza edilmistir. Kus kafalarinin
makroskopik temizliginden sonra kafatasina yapilan
ensizyon ile beyin dokusuna ulasiimistir. Her kustan alinan
20 mg beyin dokusu 6rnegi genomik DNA (gDNA) eldesin-
de kullanilmistir. gDNA eldesi, bir ticari kitin (Thermo,
GeneJET Genomic DNA Purification Kit) kendi kullanma
kilavuzu arastirmaya uyarlanarak gerceklestirilmistir. Steril
1.5 ml hacimli seffaf tip (1.5 ml) icerisine alinan beyin
dokusu 6rnegine, kit iceriginde bulunan digestion solution
‘dan 180 pl eklenerek steril cubuk ile ezilmistir. Tip icerisine
0.5 mm c¢apinda steril cam boncuklardan 30 mg eklenerek,
beyin dokusu parcaciklarinin tamamen homojen hale
gelmesi amaciyla tipler 2 dk sire ile kuvvetli sekilde
vortekslenmistir. Her tlip oda isisinda bir dakika sire
bekletilerek, Ustteki sivi steril tlp icerisine aktarilmis, kit
icerisinde bulunan ve -24°C'de muhafaza edilen Proteinaz
K enziminden 20 pl eklenen tlpler vortekslenerek, 56°C'de
6 saat slre ile i1s1 blogunda bekletilmis, saat basi vorteks-
lenmistir. Kit protokoli takip edilerek sirasiyla 20 pl RNase A
solisyonundan eklenmis oda isisinda 10 dk bekletilmistir.
Kit iceriginde bulunan lysis bufferdan 200 pl eklenip 15 sn
vortekslendikten sonra %50'lik etil alkolden 400 ul ekle-
nerek vortekslenmistir. Karisimin tamami kit iceriginde
bulunan GenelJet Genomic DNA purification column’a
aktarilarak mikrosantrifiijde 1 dk siire ile 6.000 g/dk. devirde
santriftij edilmistir. Santriflij sonucunda dolan sivi toplama
haznesi yenisi ile degistirilmistir. Kit iceriginde bulunan wash
buffer I'den tiplere 500 pl eklenerek 8.000 g/dk devirde
tekrar santriftij edilmistir. Sivi toplama haznesi yenisi ile
degistirilerek tiiplere 500 pl wash bufferll eklenerek 12.500
g/dk'da 3 dk sure ile santriflij edilmistir. Tpler yeni 1.5 ml
hacimli steril tiplere yerlestirildikten sonra 200 pl elution
buffer eklenerek oda isisinda 5 dk stire bekletilmis ve 10.000
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g/dk‘da 1 dk siire santriflij edilerek genomik DNA 6rnekleri
elde edilmistir. Ornekler —24°C'de muhafaza edilmistir.

Toxoplasma gondii'nin molekuler tanisi amaciyla nested
PZR metodu kullaniimistir. Hedef gen bolgesinin iki asamali
eldesini saglayan bu metot konvansiyonel PZR'dan daha
0zgilin oldugu icin tercih edilmistir. Arastirmada T. gondii
DNA sinin 18S ssrRNA bdlgesindeki B1 genini hedefleyen
ve daha 6nce bildirilen primer ciftleri kullanilmistir ',
Neospora caninum’un molekiler tanisi tek asamali Nc5
genine spesifik primerlerin kullanildigi konvansiyonel PZR
metodu ile gerceklestirilmistir 2%, PZR kosullar ilgili lite-
ratlirlere gore bazi degisiklikler yapilarak uyarlanmigtir 1929,
Buna gore T. gondii spesifik nested PZR nin birinci asa-
masinda 5 pl 10xTaq bufer, 2.5mM MgCl,, 0.2mM dNTP
(Fermentas, Litvanya), 1.5U Tag DNA polimeraz (Fermentas,
Litvanya), 0.3 uM forward ve reverse primerleri, 3 pl gDNA
olarak toplam reaksiyon hacmi 50 pl olacak sekilde mole-
kiler biyolojik kalitede su ile tamamlanarak hazirlanan
kansim kullaniimistir. PZR kosullari; 95°C de 5 dk, 94°C'de 1
dk, 50°C de 1 dk, 72°C de 1 dk kullanilarak toplam 35 déng(i
gerceklestirilmis ve son olarak 72°C de 5 dk tutularak birinci
asama tamamlanmistir. Birinci asama sonucunda elde edi-
len PZR Uriinl ikinci asama PZR'de kalip DNA kaynadi ola-
rak kullanilmistir. Ikinci asamada PZR kosullari ve kon-
santrasyonlari birinci basamak ile ayni, farkli olarak P3-P4
primerleri kullanilarak ¢ahsilmistir. Neospora caninum spe-
sifik Np6 ve Np21 oligonikleotid primerlerin kullanildigi
reaksiyonda ise yukaridaki hacimlerin aynilari kullanilarak
baglanma isisi 59°C'de 1 dk olarak uygulanmistir.

Amplifikasyon Urlinleri elektroforezde, 0.5 pg/ml
ethidium bromide iceren %1'lik agaroz jelde yuritilip, UV
transilliminatorde gorintllenerek, amplikon buyikltkle-
rine gore degerlendirilmistir. Toxoplasma gondii'nin mole-
kiler tanisi amaciyla yapilan nested PZRIn birinci turunda
kullanilan P1-P2 olligoniikleotid primerleri ile 194 bp'lik
bélgenin, ikinci turunda kullanilan P3-P4 primerleri ile 97
bp'lik kismi ampliye edilmistir . Neospora caninum 337
bp bolgesi 6nceden bildirilen 2 Np6 ve Np21 oligoniik-
leotid primerler kullanilarak amplifiye edilmistir (Tablo 1).

istatistik Analiz

Bu arastirmada Van ilinden sekiz kus tirine ait 77
adet ornek, Hatay ilinden ise 12 kus tiirline ait 24 adet

ornek kullanilmistir. Toplam kus tiird 20, toplam 6rnek
sayisi ise 101 dir. Bu kuslarin beyin dokularindaki varligi
tek ve miks olarak arastirilan T. gondii ve N. caninum‘a
rastlanma oranlari arasindaki farkhliklar ki kare test
istatistigi ile degerlendirilerek, tartisma boliminde gerekli
aciklamalara yer verilmistir.
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Doga Koruma ve Milli Parklar Genel Mudurliglinden
72784983-488.04-171653 sayili yasal izni ahinmistir.

BULGULAR

Hatay ilinden 6rneklenen 12 tiir yaban kusunun iki
tarinde N. caninum (Sekil 1), bes turiinde T. gondii (Sekil 2)
bir turde ise her iki parazit birlikte tespit edilmis, yedi kus
tdrtinde bu parazitler tespit edilememistir.

Van ilinden 6rneklenen sekiz tiir yaban kusunun bes
tlriinde N. caninum, iki tirinde T. gondii ayn ayn, iki tirde
ise her iki parazit birlikte tespit edilmis, U¢ kus tiiriinde bu
parazitler tespit edilememistir.

Bu arastirmada Neospora caninum’un Larus genei,
Corvus corone, Melanitta fusca, Anas clypeata, Perdix perdix,
Aquila heliaca, Buteo rufinus tlrl yabani kuglara ait beyin
orneklerinde diinyadaki ilk molekduler tanisi yapilmistir.

Toxoplasma gondiinin ise Corvus corone, Melanitta fusca,
Aquila heliaca, Aquila pomarina, Buteo rufinus, Accipiter
nisus, Strix aluco tirl yabani kuslara ait beyin 6rneklerinde
diinyadaki ilk molekuler tanisi gerceklestirilmistir.

Her iki parazite Corvus corone, Melanitta fusca ve Buteo
rufinus tirG yabani kuslara ait beyin dokularinda birlikte
diinyada ilk defa rastlanmistir.

Buna gore 20 farkh kus turiniin yedisinde N. caninum,
yedisinde T. gondii tespit edilmis, Gglinde her iki parazit
birlikte tespit edilmis, 10 tirde ise hic birisi tespit edile-
memistir (Tablo 2). Van ve Hatay illerinde 6rneklenen
20 tiire ait 101 adet yabani kus turiinde tek ya da miks
olarak T. gondii, N. caninum‘a rastlanma oranlari arasinda
her U¢ grup icin de istatiksel olarak anlamli farkliliklar
bulunmustur (her lic grup P<0.05).

Tablo 1. Primerlerin 6zellikleri
Table 1. Characteristics of the Primers

Oligoniikleotid Primerler Dizilisi (5'-3) Dizinin Yeri
P1 Outer primer (sense strand) GGAACTGCATCCGTTCATGAG 694-714
P2 Outer primer (antisense strand) TCTTTAAAGCGTTCGTGGTC 887-868
P3 Inner primer (sense strand) TGCATAGGTTGCAGTCACTG 757-776
P4 Inner primer (antisense strand) GGCGACCAATCTGCGAATACACC 853-831
Np6 Forward primer (sense strand) CTCGCCAGTCAACCTACGTCTTCT 806-824
Np21 Reverse primer (antisense) CCCAGTGCGTCCAATCCTGTAAC 550-568
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1000 be

300 b

337 b

Sekil 1. Neospora caninum jel elektroforezi sonucu elde edilen bantlar
1- DNA merdiveni, 2, 4- N. caninum pozitif bulunan 6rnekler, 3- N. caninum
negatif bulunan 6rnek, 5- N. caninum pozitif kontrol, 6- Negatif kontrol

Fig 1. N. caninum bands on gel electrophoresis
1- Gene ruler DNA ladder, 2, 4- N. caninum positive samples, 3- N. caninum
negative saples, 5- N. caninum pozitive control, 6- Negative control

Sekil 2. Toxoplasma gondii icin yapilan elektroforez sonucu elde edilen
bantlar

1- DNA merdiveni, 2- T. gondii negatif bulunan 6rnek, 3- T. gondii pozitif
bulunan 6rnek, 4- T. gondii pozitif kontrol 6rnek

Fig 2. T. gondii bands on gel electrophoresis
1- Gene ruler DNA ladder, 2- T. gondii negative samples, 3- T. gondii
positive samples, 4- T. gondii positive control

TARTISMA ve SONUC

Tip ve veteriner hekimligindeki 6nemi nedeniyle ¢ok
saylda arastirmaya konu olan toksoplazmozis, Saglik
Bakanligi'min bildirime esas bulasici hastaliklar listesinde

“Grup C hastaliklar” bolimiinde yer almaktadir. Hayvanlarda
T. gondii'nin neden oldugu abortlar 6zellikle koyun ve
kecilerde ciddi ekonomik kayiplara yol agcmaktadir. Sit
sigirlarinin en 6nemli paraziter abort etkeni N. caninum’un
A.B.D'inde yol actigi ekonomik kayip miktari yilda 2.38
milyar dolardir ¥, ispanya’da T. gondii ye bagh koyun
abortlari 4/74, N. caninum’a bagli olanlar ise 5/74 oraninda
tespit edilmistir. Kecilerde gorilen abortlarda N. caninum’a
3/26, T. gondii'ye ise 1/26 oraninda rastlanmistir 2%, insanlar
ve evcil hayvanlar acisindan énemi oldukca fazla olan her
iki parazitin de dogal yasam dongusiinde yer alan yabani
kanatlilar hakkinda yapilan molekdler tani ve prevalans
calismasi cok azdir.

Bu arastirmada T. gondii ve N. caninum PZR ile diinyada
ilk defa yediser farkli kus tiriiniin beyin dokularinda tek
olarak, Ug¢ kus tiriinde ise ikisi birlikte tespit edilmistir.
Neospora caninum'a en fazla oranda Buteo rufinus'ta, T.
gondii'ye Aquila pomarina, Accipiter nisus ve Strix aluco'da
rastlanmistir. Neospora caninum ve T. gondii'ye en az
oranda Corvus corone’da rastlanmistir.

Benzer bir arastirma 2012 yilinda ispanya'da yapilmis,
on bes farkll tire ait toplam 201 adet yabani kusun beyin
dokusunun %6'sinda T. gondii DNA’sI, %1.5'inde N. caninum
DNA'sI tespit edilmistir ¥, Mevcut arastirmada ise 20 farkli
tlre ait 101 adet yabani kusun beyin dokusunun %7'sinde
T. gondii, %14'iinde ise N. caninum DNA'sI tespit edilmistir.
ispanyada N. caninum DNAsinin tespit edildigi iki kus tiirii
Buteo buteo ve Pica pica olup Tirkiye'de her iki parazite
ait DNAya bu kuslarda rastlanmamistir. italyada yapilan
bir arastirmada Anas crecca, Anas platyrhynchos ve Anas
clypeata turu yaban kuslarinin beyinlerinde nested PZR
metodu ile T. gondii pozitifligi tespit edilmistir '3, Mevcut
arastirmada ise Anas clypeata tiriinde sadece N. caninum
DNA'sI tespit edilmistir.

Yirtici kuslarin besin zincirinde yer alan fare gibi
kemirgenler her iki parazit tiiri icin konakhk yapabilen
canlilardir. ingiltere’de PZR metodu ile beyin dokulari
incelen ara konak farelerde N. caninum %3, T. gondii %53,
ratlarda ise N. caninum %4.4, T. gondii %42.2 oraninda
tespit edilmistir ?2. italyada N. caninum DNA'sina ratlarda
%13.6, farelerde ise %3.6 oraninda rastlanmistir 23, Her iki
parazitin yasam doéngustinde yer alan bu kemirgenler de
tipki kuslar gibi kedilerin besin zincirinde yer almaktadir.

Sulak alanlarda yasayan kuslar da beslenmeleri esna-
sinda bu parazitlere ara konak olabilecek bocek ve diger
kiicik canlilari bol miktarda tiiketir. Bu kuslari ve kemir-
genleri avlayan yirticilardan olan kediler sulak alanlara
yakin yerlere diskilayarak T. gondii nin dogal dongusiine
katki saglar. Boylece diski parcgalarinin yagmur sulari
ya da diger doga etkenlerine bagli olarak su ve yasam
kaynaklarini kontamine etmesi mimkin olur. Karadeniz
Bolgesindeki dere ve icme suyu kaynaklarinin T. gondii
DNA'si yoniinden PZR metodu ile analiz edildigi bir arastir-
mada dere sularinda T. gondii DNA’sina rastlanma orani
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Tablo 2. Yabani kuslarda T. gondii ve N. caninum’un molekdiler prevalansi

Table 2. Molecular prevalance of T. gondii and N. caninum in wild birds

Yorelere Gore Kus Tiirleri PZR Pozitif Ornek Sayisi
Van ili Yaban Kuslari Tiirkce Karsihigi Ornek Sayisi T. gondii N. caninum Miks

Larus genei ince Gagali Marti 17 = 3

Corvus corone Gri Les Kargasi 21 1 1 1
Melanitta fusca Kadife Ordek 3 1 2 1
Pica pica Saksagan 1 - - -
Anas clypeata Bayagi Kasik Gaga 9 - 3 -
Columba oenas Gokee Glvercin 5 - - -
Anser anser Boz Kaz 7 = = =
Perdix perdix Cil Keklik 14 - 1 -

Hatay ili Yaban Kuslan

Aquila heliaca Sah Kartal 3 1 1 -
Hieraaetus pennatus Kiictik Kartal 2 - - -
Aquila pomarina Kiicuik Orman Kartal 1 1 - -
Buteo rufinus Kizil Sahin 5 1 3 1
Buteo buteo Bayagi Sahin 4 - - -
Accipiter nisus Bayagi Atmaca 1 1 = =
Strix aluco Alaca Baykus 1 1 - -
Caprimulgus europaeus Coban Aldatan 1 - - -
Ciconia ciconia Leylek 3 - - -
Merops apiaster Ari Kusu 3 - - -
Apus apus Ebabil 1 - - -
Phoenicopterus roseus Flamingo 1 - - -

%35.7 olarak tespit edilmistir 2", Yabani kuslar T. gondii
ve N. caninum’a ait sporlanmis ookistleri ya da doku
bradizoitlerini beslenme yolu ile alarak enfekte olabilmekte
ve bu parazitlere ait DNA'larin, beyin dokusu gibi viicudun
fizyolojik olarak korunakh boélgelerinde PZR metodu ile
tespit edilmesi tanida degerli kabul edilmektedir.

Tarkiye'de Nigde yoresinde evcil (Columba livia
domestica) ve yabani (Columba livia livia) glivercinlerde
T. gondii'min seroprevalansinin Sabin Feldman boya testi
ile yoklanmasi amaciyla yapilan bir arastirmada sirasiyla
%0.95 ve %0.90 oranlarinda seropoxzitiflik tespit edilmistir 2,
Kayseri yoresinde ise Sabin Feldman boya testi ile sero-
lojik yoklamasi yapilan yirtici kuslardan 10 sahinin 1inde
(%10.00), 9 doganin 1'inde (%11.11), 8 baykusun 1 (%12.50)
ve 9 atmacinin 1’inde (%11.11) olmak Uzere toplam 44
yirtict kusun 4'inde (%9.09) T. gondii spesifik antikorlari
tespit edilmistir. Buna karsilik 7 kartal ve 1 balikgilda sero-
pozitiflik saptanamamistir 26,

Yabani kuslar, evcil kanathlara gore bircok patojene
karsi daha dayaniklidirlar. Ozellikle yabani gécmen kuslar,
tasidiklar hastalik etkenlerini gittikleri yerlerdeki kanat-
lllara bulastirarak, ekonomik kayiplara neden olabilmek-
tedirler #7. Sulak alanlarin yogun olarak bulundugu gol
ve benzeri cografik yerler, bulasici hastaliklar ve konta-

minasyon tehlikesi agisindan yuksek riskli noktalar ara-
sinda gosterilmektedir. Yabani kuslarin énemli go¢ yollari
Uzerinde bulunan, sulak alan ve kus tirl zengini olan
Turkiye'nin de bu agidan degerlendirildiginde 6nemli risk
noktalarina sahip oldugu gérilmektedir 2837,

Yirtici kuslar ya da nesli tikenmekte olan kuslarin da
yer aldigi arastirmalarda, kullanilacak orneklere ait kesin
rakamlarin 6nceden belirlenememesi yaban hayati dengesi
ve yasal arastirma izinleri agisindan énemlidir. Clinki yaban
hayatindan elde edilen tiir ve 6rnek sayilari arasinda kesin
bir denge kurulmasi kolay degildir. Bu nedenle benzer
arastirma sonuclarinin istatistiki olarak degerlendirilmesi
de bilimsel acidan kolay olmamaktadir. Bu arastirmada
enfeksiyonlara rastlanma oranlari anlamli ¢cikmis olsa da,
yabani kus tirleri ve 6rnek sayilarinin dengeli olmamasi,
bu sonuglarin farklliklara gére degerlendirilmesine engel
olmaktadir. Ornegin bu arastirmada sadece bir adet rastla-
nan A. pomarina da T. gondii ye rastlanma orani 1/1 olarak
belirlenirken 17 adet 6rneklenen L. genei de T. gondii’ye
rastlanma orani 17/0 olarak bulunmustur. Bu durum
enfeksiyona rastlama yiizdesini %100 ya da %0 olarak ifade
edilmesine neden olacaktir. Tablo 2 incelendiginde benzer
ornekler oldugu gorilmektedir. Ayrica bu arastirmada
yer alan Hatay ve Van illerine ait ornekler arasinda tir
benzerligi de bulunmamaktadir. Bu tip verilerin tlr ve 6rnek
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sayilari arasinda tam bir denge kurulmadan istatistiksel
degerlendirmeye tabi tutulmasi farkli deneysel hatalara
ve bilimsel yanlisliklara yol acacaktir. Bu nedenle verilerin
istatistiki degerlendirilmesi arastirmayi inceleyecek bilim
insanlarinin degerlendirmesine birakilmistir.

Bu arastirma go¢men kuglarin kuzey-dogu ve giliney
goc¢ yollarinda yer alan en 6nemli dinlenme, beslenme ve
Ureme alanlarindan Van ve Hatay illerinde gerceklestiril-
mistir. Yabani kuslarin tercih ettigi dogal sulak alanlar
belli mevsimlerde go¢men kuslar tarafindan da tercih
edilebilmektedir. Bu durum T. gondii ve N. caninum’un
gocmen kuslar, kanatl kus tirleri ve diger canhlar arasin-
daki bulasma olasiligini yiikseltmektedir.

Sonug olarak yabani kuslarin T. gondii ve N. caninum’un
dogal yasam dongusu icerisinde 6nemli yeri oldugu ancak
konu hakkinda ileri arastirmalar gerektigi gortilmektedir.
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Abstract

To examine the epidemiology and evolutionary characteristics of avian infectious bronchitis virus (IBV) in mainland China, the S1
gene of 63 IBVs isolated after 1993 was amplified by reverse transcription (RT) —polymerase chain reaction (PCR) and sequenced. Our
results showed that the sequence length of 63 IBV strains ranged from 1.608 to 1.635 nucleotide (nt). Compared to the published
representative strains, the homology of S1 nt sequences and their deduced amino acid (aa) residues between these isolates and
reference strains ranged from 74.6% to 99.9% and 71.7% to 100%, respectively. Analysis of S proteins demonstrated that 63 isolates
had eight kinds of cleavage sites (RRFRR, RRIRR, RRSKR, RRTGR, RRHRR, HRRRR, RRSRR and RRLRR), and the amount of RRFRR and HRRRR
reached 46. Furthermore, the study showed that there was no direct relation between cleavage sites and genotypes, and cleavage sites
were unable to decide the pathology types. Compared to vaccine strain H120, S1 nt sequences of 63 isolates had four sites deleted
or inserted frequently, and the S1 proteins had three hypervariable regions. A comprehensive study was also carried out to study the
S1 nt sequences of 63 isolates, 210 published reference strains and 10 vaccine strains; the investigation showed that all these stains
could be divided into two types including 11 kinds of genotypes by the phylogenetic analysis. However, 63 isolates belonged to Mass,
American, LX4, LHLJ/95 |, LDT3/03, J, BJ and LDL/97 | genotypes, and the LX4 genotype was co-circulated dominantly in chicken flocks
over an 18-year period. It indicated that there were several IBV genotypes with new changes circulating in China, emphasizing the
importance of continued IBV surveillance.

Keywords: IBV, S1 sequence, Genetic variation, Phylogenetic analysis

Epidemiology and Evolutionary Characteristics of Avian
Infectious Bronchitis Virus in China

Ozet

Avian Enfeksiy6z Bronsitis Virlistiniin (IBV) epidemiyolojisini ve evrimsel ezelliklerini arastirmak amaciyla Cin'de 1993 yilindan sonra
izole edilen 63 IBV S1 geni ters transkriptaz (RT)-polimeraz zincir reaksiyonu (PCR) ile amlifiye edilerek sekansi yapildi. Calisma
sonuglari 63 IBV susunun sekans boyutunun 1.608 ile 1.635 niikleotide (nt) arasinda degistigini gosterdi. Yayinlanmis benzer suslar
ile karsilastinldiginda bu izolatlar ile referans suslari arasinda S1 nt sekanslarinin homolojisi ve agiga ¢ikan amino asit (aa) rezidileri
sirastyla %74.6 ile %99.9 ve %71.7 ile %100 arasinda degisti. S proteinlerinin analizi 63 izolatin 8 ¢esit béllinme bolgesine (RRFRR,
RRIRR, RRSKR, RRTGR, RRHRR, HRRRR, RRSRR ve RRLRR) sahip oldugunu ve RRFRR ve HRRRR miktarinin 46'ya ulastigini ortaya koydu.
Ayrica, bolinme bdlgesi ile genotipler arasinda dogrudan bir iliski olmadigi ve bolinme bdlgelerinin patoloji tiplerini belirlemedigi
tespit edildi. Asi susu H120 ile karsilastirildiginda 63 izolatin S1 nt sekanslarinin siklikla ¢ikarilmis veya eklenmis 4 bolgeye sahip oldugu
belirlendi. S1 proteinleri ti¢ adet oldukca degisken bdlgeye sahip oldugu gézlemlendi. 63 izolatin S1 nt sekanslari, 210 yayinlanmis
referans susu ve 10 asi susunu arastirmak amaciyla ayrica genis ¢apli bir calisma yirattlda. Tim bu suslar filogenetik analizile 11 cesit
genotipi de iceren iki tipe ayrilabilir. Ancak, 63 izolat Mass, American, LX4, LHLJ/95 |, LDT3/03, J, BJ ve LDL/97 | genotiplerine aitti ve LX4
genotipinin 18 yildan daha uzun siiredir tavuk striilerinde baskin olarak bulundugu belirlendi. Bu ¢alisma ile Cin'de yeni degisimlerle
birlikte birkag IBV genotipinin bulundugu ve siirekli takibin &nemi ortaya konuldu.

Anahtar sozciikler: IBV, S1 sekansi, Genetik varyasyon, Filogenetik analiz
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INTRODUCTION

Avian infectious bronchitis (IB) is caused by IBV, which
is a member of the Coronaviridae family, is recognized as
one of the significant diseases of poultry, and leads to great
economic losses to the poultry industry all over the
world ™2, As a highly contagious pathogen, IBV not
only brings chicken high pathogenicity rate with upper
respiratory disease, nephritis or enteritis, but also causes
fertility problems accompanied by low egg production and
poor quality. Furthermore, the disease is a risk for increasing
susceptibility to infections with other pathogens, resulting
in an even higher morbidity and mortality rate B4,

IBV is an enveloped, non-segmented and single-
stranded positive RNA virus with a genome around 27.6-kb
in length ©7, The genome encodes four structural proteins,
including spike glycoprotein (S), integral membrane glyco-
protein (M), small membrane protein (E) and phospho-
rylated nucleocapsid (N) protein. Additionally, the genome
also encodes the replicase complex, which carries out
the unique discontinuous transcription process, leading
to a nested set of 3’ coterminal subgenomic mRNAs &1,
The S glycoprotein is proteolytically processed into two
non-covalently bound peptide chains, ST and S2. The S1
subunit located on the outside of virion is responsible
for the fusion between the virus envelope and the cell
membrane of the host, and, it contains epitopes and
determinants for virus neutralizing antibodies, protective
immunity, cell attachment and serotype specificity -3l
Classification of genotype has been done on the base of
the antigenic site especially the hypervariable regions
(HVR) of S1 nt sequence. The difference of several aa
residues in ST sequence can produce a new serotype strain
and result in poor cross-protection between the strains.
So, analysis of the S1 nt sequences has been usually used
for differentiating IBV genotypes and serotypes 414,

More than 20 serotypes of IBV have been found
around the world, and many IBV variant strains have been
identified in various regions, leading to clinical symptom
of birds infected by IBV varies greatly. The complex
epidemiology characteristics of IB raised the difficulty in
controlling this disease. These IBVs have no or low degree
cross-protection for their serotype’s diversity and virus
genome varied frequently 71, There are at least two
reasons for explaining IBV continuous evolution. Firstly,
it is thought that nucleotide deletions, insertions or point
mutations within IBV genome result in errors made by
viral RNA-dependent RNA polymerase '8, Secondly, it
can be explained by the IBV genome recombination in
field strains or even between field strains and vaccine
strains by the extensive and continuing use of live vaccine
on chicken flock. Therefore, it is important to choose an
appropriate vaccine with a serotype/genotype that is
consistent with the epidemic virus to prevent and control
the disease in each geographical region or country 5,

In China, after the first IBV has been identified by virus
isolation since the early 1980s, more and more strains
have been isolated in different regions. It becomes more
difficult to prevent and control IB when novel IBV variants
are circulating in chicken flocks. A vaccine programme with
live-attenuated and inactivated vaccines of Massachusetts
(Mass) serotype has been carried out widely and is partially
successful in China. But in recent years, the phenomenon of
IBV outbreaks occurred frequently in different vaccinated
and non-vaccinated chicken flocks showed that the vaccines
had poor or no protection against field virus 224, Bing et
al.? found that the proportion of nephro-pathogenic
type IBV is higher than any other types by analysis of the
strains isolated from China in these years. How to avoid
enormous economic loss caused by nephro-pathogenic
IB through selecting appropriate vaccine comes to be
very important.

In this study, to reveal the epidemiology and
evolutionary characteristics of recent IBV field isolates and
to demonstrates which IBV genotypes are circulating in
China, we investigated 63 IBVs isolated from 1993 to 2010
in mainland China, analyzed the sequences of whole S1 nt
and took sequence alignment and phylogenetic analysis
compared with other reference strains available in the
GenBank database.

MATERIAL and METHODS

Virus

IBV was isolated from kidney, proventriculus and trachea
from chicken flocks suspected to be infected with IBV
during 1993-2010, covering 16 provinces, which occupied
most of the chicken-raising regions of China (Table 1).

Primer Design

S1 oligonucleotide primers were designed using eight
IBV reference strains (Beaudette, Mass41, Cal99, BJ, KQ6,
GD/S14/2003, SAIBK, LX4)logged in GenBank, for amplifying
the entire S1 region (including leading sequence) and S1/
S2 cleavage sites (1750 bp). The sense primer was S1-F
(5-TTGAAAACTGAA CAAAAGACCG-3'), and the sequence
S1-R (5'-TACAAAACCTGCCATAACTAACAT-3’) was used
as antisense primer. The PCR conditions included 5 min
incubation at 95°C followed by 30 cycles at 94°C for 1 min,
annealing at 52°C for 1Tmin, and extension at 72°C for 2 min.
A final extension step was performed at 72°C for 10 min.

RT-PCR Amplification and Sequencing

Sixty-three IBVs were propagated in 9-day-old specific
pathogen-free chicken embryos. Then the allantoic fluids
of the infected embryos were harvested and total RNA was
extracted with TRIzol reagent (Invitrogen, Grand Island,
USA). RT-PCR products were analyzed on 1% agarose gel
and sequenced after cloning into the pMD18-T (Takara,
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Dalian, China). Each region of the ST nt sequence in each
IBV isolate was sequenced in the forward and reverse
directions at least five times and the consensus sequence
was determined.

Genetic Variability Analysis

Length and homology of ST nt sequences and their
deduced aa residues were analyzed by using MEGALIGN
program in DNAStar. Furthermore, the homology, variation
and cleavage sites of ST nt and their aa sequences were
determined between 36 reference strains (including 10
vaccine strains and 26 mainly genotypes derived from
China) and 63 isolates in this study. Simultaneously,
sequence variation characteristics of glycoprotein of 63
isolates were analyzed by comparing to vaccine strain H120.

Phylogenetic Analysis of IBV S1 nt

Comparative analysis of S1 nt sequences between 63
isolates and 233 references strains (including 210 main
epidemic strains in mainland China, 10 vaccine strains and
13 IBV representative strains from other countries) was
performed, and the phylogenetic tree was obtained by
using the neighbour-joining method with 1000 boot-
strapping replicates integrated in the MEGA software
version 4.1,

RESULTS

Length and Homology Analysis

Length and homology of S1 nt and aa sequence were
analyzed in this study. The results showed that the length
of ST nt sequence (from initiation codon ATG to S gene
precursor protein cleavage sites) included 1608, 1611,
1617, 1620, 1623, 1626, 1629, 1632 and 1635 nt, and the
length of their deduced amino acid residues accordingly
were 536, 537, 539, 540, 541, 542, 543, 544 and 545 aa.

Homology of the S1 nt sequences and their deduced
aa residues between 63 isolates ranged from 75.5% to
99.9% and 72.5% to 100%, respectively, the similarity of
S1 nt sequences and their deduced aa residues between
99 strains (including 63 isolates in this study plus the 36
reference strains) were from 74.6% to 99.9% and 71.7% to
100%, respectively. It indicated low homology and high
sequence variation due to nt point mutations, insertions
and deletions on S1 sequences.

Cleavage Sites and Mutation Analysis

Analysis of S1 nt and their deduced aa sequences
between 63 isolates and 36 reference strains indicated
that the variant regions focused mainly on S1 nt 5’ tail end,
which were identical to the published data. Ten kinds of
S1/52 cleavage sites could be found in these 99 IBV strains,
and the cleavage site sequences were RRFRR (29/44),
RRIRR (3/4), RRSKR (3/3), RRTGR (4/6), RRHRR (2/2), HRRRR

(17/22), RRSRR (4/14), RRLRR (1/1), HRFRR (0/1) and HRSRR
(0/2), respectively (numerator, number of cleavage sites in
IBV isolates; denominator, total number of cleavage sites in
IBV isolates and reference strains). Most of the isolates had
S1/S2 cleavage sites, RRFRR, HRRRR (46/63). The cleavage
site RRFRR was common for Mass genotype (24/25), RRIRR
for BJ genotype strains (4/4), RRTGR for LDL/97 | genotype
strains (6/6), and HRRRR for LX4 genotype strains (13/13).
Six cleavage sites RRIRR, RRSKR, RRTGR, RRHRR, HRRRR
and RRLRR were found only in mainland China (Table 1).
Some strains with high gene similarity had the same
cleavage sites while some strains lied in same genotype
had different cleavage sites, indicating that cleavage sites
played a limited role in the IBV S1 nt sequence typing.

Compared to vaccine strain H120, S1 nt sequences of 63
isolates had four regions, which were inserted or deleted
frequently and located between nt 64-75, 210-214, 355-
358 and 417-418 (numbered according to the S1 sequence
of H120 strain), respectively. ST protein of 63 isolates
had three hypervariable regions and had 7 aa deletion or
insertion mainly among residues 3-25, 52-154 and 266-
294. Behind the residue 24, aspartic acid (N) was inserted
in 12 isolates and serine (S) was deleted in four isolates.
Amino acids (NYTNGNSD) were inserted between residues
71 and 72 in 18 isolates and 5-6 aa were inserted in the site of
residue 141 in four isolates. Amino acid (KKSVVGPSD) were
inserted behind the residue 138 and SD was inserted behind
the residue 141 in IBV isolate GX-98 |, which was consistent
with international reference strain Holte with classical
amino acid sequence FKKKSVVGPSD after residue 138.

Phylogenetic Analysis of S1 nt between 63
IBV Isolates and 233 Reference Strains

Sixty-three IBV isolates and 233 reference strains were
divided into two groups by analyzing ST nt sequences.
One group had 49 strains including 20 IBV isolates, 10
vaccine strains, seven representative strains isolated from
other countries and 12 reference strains in China. The second
group had 247 strains including 43 isolates, six international
represent strains isolated from other countries and 198
reference strains in China (Fig. 1).

In this research, all IBV strains could be divided into 11
genotypes by homology analysis of ST nt sequences. Sixty-
three isolates were clustered into eight genotypes,
including genotype | (Mass-type), genotype Il (American
type), genotype IV (LX4 type), genotype V (LHLJ/95 |
type), genotype VI (LDT3/03 type), genotype VIl (J type),
genotype VIII (BJ type) and genotype IX (LDL/97 | type)
respectively while they did not appeared in genotype llI
(4/91 type), genotype X (LGDO4/IIl type) and genotype XI
(Taiwan group). Sixteen isolates belonged to genotype |,
10 isolates were genotype VII, 9 isolates lied in genotypes
VI, respectively, and eight isolates existed in genotype V?
The proportion of the five kinds of genotypes to all isolates
was 82.5%, which was a little close to mainland China



183

WANG, GAO, ZHENG
SUN, JIA, REN

4,

1 b
g e g
I Ly
qf*m,,[;;w-‘-' i

T
17 i
W gy -
[Ty
; ShT a0 -
[ TS Jr-\.lluln LIN9T pe

i
STV
L1

T L L e
Q

i
FEs .
iy

Fa
Lenat -

LHLYGS | Sype

n‘l.*‘.-'..-.cl. 1 ham
T
-,"lf.'::lhm.wl_:-“""l"'
s .
o 4T
! !-"_“:'f:m.“ L]

%

AeMomhll
lF\|||.|-|.-'|.|:li;1:|-'\- ]
SO ELR0ER
| M TN
|!ull'flullan:-'m|.qm“7..,
_\P{T"\Fl"}hll\l.lu'r,“

Spmihatne)

i
i\l,!:mm.‘.-lrul_l:‘:':,"' 1
[ H:H' i

LXA=nype

“®" BV izolat suslar,“B" agi suslar “#" uluslararasi tanimli suslar

Fig 1. The phylogenetic tree constructed based on IBV S1 nucleotide sequences by N-J method
“@" BV isolate strains, “M” vaccine strains “4" international represent strains

Sekil 1. N-J metodu kullanilarak IBV S1 niikleotid sekanslarina dayanarak olusturulan filogenetik agac

reference strains (87.6%) (Table 1, Fig. 2). It was noteworthy
that the proportion of genotype V (12.7%) was much
higher than that of the reference strains (1.4%) in mainland

China. It all suggested that the genotype of the virus
had new changes.

DISCUSSION

Infectious bronchitis (IB) has become one of the most
common diseases to outbreaks frequently and persistently

in commercial chicken farms of China. The disease is
difficult to be controlled by IBV vaccines, which have been
used widely in different chicken farms, because of the rapid
circulation and complicated evolution of IBV strains. The
chicken flocks have potential danger of IB outbreak when
the serotype/genotype of vaccine strains are inconsistent
to infective strains 224, Therefore, it is important to choose a
suitable IBV candidate vaccine strain to prevent the disease
based on profound understanding of IBV epidemiology in
China. In this work, we examined the epidemiology and



184
Epidemiology and Evolutionary ...

120

e (Y1)
b= 80 | OVaceine siranis
; i) W Isolte stains Fig 2. The gene quantitative statistics of
2 a0 B Refererce sirains isolates, vaccine and reference strains geno-
5 2p i n H | types based on IBV S1 nucleotides
< o B = | .| . e . ™ = .=

g = B T ¥ 2 ¥ g L i Sekil 2. IBV S1 niikleotidlerine dayanarak

F i 7 #: a v F F z B2 Ha g olusturulan izolatlar, asi ve referans geno-

E iR = 2 Z5 E i B = 2B o tiplerinin gen kuantitatif istatistikleri

= = - P g O Z

=t = = - =
Genotvpe

evolutionary characteristics of IBV by analyzing S1 nt of 63
IBVs isolated from 16 geographic provinces in China over
an 18-year period from 1993 to 2010. Our results showed
that the S1 nt and their aa had significant characteristics
with low homology and high variation between the
isolates and reference strains, indicating that new changes
have taken place in IBV genotypes circulating in China.

The previous studies suggested that site mutation,
insertion and deletion in ST nt sequence were very
important factors resulting in poor immune effect of
conventional IBV vaccine "%, In order to learn S1 nt of
IBV isolated from China, we analyzed the differences in
S1 nt sequences of 63 isolates and vaccine strain H120,
which belonged to Mass serotype. Our study found that,
compared to vaccine strain H120, ST nt of 63 isolates had
four regions, which were inserted or deleted frequently
between nt 64-75, 210-214, 355-358 and 417-418,
respectively. In addition, the S1 protein of 63 isolates had
three hypervariable regions between aa 3-25, 52-154
and 266-294, which was consistent with the published
data ['**28, Differences on S1 nt sequences suggest that
vaccine contained H120 strain has limited protection
on chickens.

IBV S protein has a proteinase cleavage site; it can be
cleaved into S1 and S2 subunits when the virus particles
are replicating '3, Our investigations showed that S
protein of 63 isolates and 36 reference strains had 10 kinds
of different cleavage sites, among which RRFRR and HRRRR
were prominent, and the cleavage sites HRRRR, RRIRR,
RRHRR, RRLRR, RRSKR and RRTGR only existed in strains
coming from China. This result revealed that the IBV lied
in continuing change status in China, but the role of these
cleavage sites to virus pathogenicity and vaccine immunity
was still uncertain. Highly similar IBV S1 proteins often had
the same cleavage sites '"'¥, but we found that some IBVs
possessed different cleavage sites though they were laid
in the same genotype, implying that genotyping of IBV by
S1 cleavage sites has limited application. Just as Jackwood
et al.?! reported, IBV genotype can not only be decided
by cleavage sites and pathogenicity and tissue tropism.

The 63 Chinese IBV isolates and 233 reference strains
had been divided into two groups by analysis of the

homology of S1 nt. We found that one group had 49
strains including 20 IBV isolates, 10 vaccine strains, seven
representative strains isolated from other countries and
12 Chinese reference strains, and the other group had
247 strains including 43 IBV isolates, six international
representative strains isolated from other countries and
198 Chinese reference strains. All the strains were divided
into 11 genotypes, and the 63 isolates came from eight
different genotypes. Han et al.?” reported that they found
13 IBV variant strains, making the IBV epidemiology more
intricate. Moreover, we could not find IBV variant strains
by analyzing isolates sequence. The reason most probably
was that we used different reference strains.

At the present time, only the Mass type vaccine has
been permitted to be used in the market in China, which
had controlled the disease effectively ", but IB still broke
out in some chicken flocks though they had been
immunized with Mass type IBV vaccine, causing chicken
death or deterioration in the quality of eggs. The investiga-
tions in IBV isolated from immunized chickens discovered
that immunity effect declined partly owing to the genetic
variation in the process of IBV evolution 722232539 We found
that more than 40% IBVs belonged to LX4 type, which
was circulating prevalently in chicken flocks in China, the
result corresponded with the reported literature 202239,
The study also indicated that IBV S1 gene of LX4 type had
point mutation, insertion and deletion, probably because
virus evolved in different regions. Compared to Mass type
vaccine strains, the homology of nt and aa sequences of
the field strain of LX4 type derived from China were less
than 78.8% and 78.3%, respectively, which helps to explain
the failure of the vaccine. As the second and third major
types of IBV circulating in chicken flocks in China, the
homology of aa sequences of J and LDT3/03 types were
less than 82% compared to Mass type vaccine strains.

It should be noted that Mass type IBV can be isolated
frequently and be considered as the fourth type to appear
in chicken flock even though the Mass type IBV vaccine
has been used for several years in China. A similar situation
also appeared in other countries BY, The vaccine virus
was isolated frequently from chicken flocks, The reason
maybe the wide use of attenuated vaccine in farms.
This study discovered that the homology of nt and aa
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sequences of isolates and vaccine strains were more than
94.6%, and S1 nt of most isolates had point mutations
and deletions compared to vaccine strain. It was reported
by Cavanagh et al that a small change of IBV S1 glyco-
protein could result in a change in virus serotype ',
Amino acid substitutions might be caused by immune
pressure due to comprehensive use of vaccines. Therefore,
it can partially explain why IBV still broke out and
circulated in chicken flocks immunized or not with Mass
type vaccine. Other IBV genotypes such as BJ, LDL/97 I?
and LGDO4/1II? spread widely around the world except for
four genotypes LX4, J, LDT3/03 and Mass described above.
It indicated that new variant strains might be generated by
gene recombination from different IBV genotypes, bringing
enormous pressures for IBV control and prevention.

As serological tests (virus neutralization test and
immune poisoning test) serve as effective tools for
determining the exact protective effect of the vaccine
strains to field virus, deep sequence analysis of IBV S1
becomes necessary to predict the efficiency of vaccine.
However, due to the diversity of IBV serotypes and
genotypes, it is particularly important to re-screen
immune effects of Mass type vaccine strains and re-assess
and analyze IBV isolates on the basis of laboratory and
field tests.
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Abstract

This study was aimed at investigating the toxic effects of subchronic and chronic exposure to propetamphos (PRO) and cypermethrin (CYP) combination in
mice. Seventy male Swiss albino mice were used for this study. Group 1 was maintained for control and given insecticide-free feed for 60 days. Group 2 was
administered with 5.0 mg/kg/bw/day of PRO (LD50/20); Group 3 with 10.0 mg/kg/BW/day of CYP (LD50/20), Group 4 with PRO and CYP combination at the
same doses in feed for 60 days. Blood samples, liver and kidney were taken on days 45 and 60 from 10 animals. Serum samples were analysed for biochemical
parameters, and liver and kidney tissues were examined histopathologically. When compared to the control group with insecticide-treated groups, it was
determined that cholesterol, triglyceride, aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP) and gamma-glutamyl
transferase (GGT) levels increased and albumin levels decreased (P<0.05), bilirubin levels increased (P<0.05) in Group 4. It was seen that triglyceride and
bilirubine levels and ALP and GGT activities were more high (P<0.05) in Group 4 than other groups; also ALT activity and bilirubine level were high (P<0.05) in
Group 4 at 60 day. In all treatment groups, necrosis of hepatocytes, cytoplasmic vacuolation, bile duct hyperplasia and mononuclear cellular infiltration were
presented in liver. In Group 4 at 60 day, tigroid basophilic cytoplasm and hepatocellular hypertrophy of liver; necrosis of the tubular epithelial cells, cytoplasmic
vacuolation, cellular infiltration and glomerular atrophy of kidney were seen. As a result, it was concluded that the exposure of mice to PRO and CYP for periods
of 45 and 60 days cause to adverse effects on both liver and kidney functions and protein and lipid metabolism. These effects were observed to be more severe
in the case of PRO-CYP exposure for 60 days.

Keywords: Cypermethrin, Propetamphos, Toxicity, Mice, Serum biochemical parameter, Histopathology

Sipermetrin, Propetamfos ve Sipermetrin + Propetamfos
Karisiminin Farelerde Bazi Biyokimyasal ve
Histopatolojik Parametreler Uzerine Etkileri

Ozet

Bu calismada propetamfos (PRO), sipermetrin (CYP) ve bunlarin karisimlarinin farelerde subkronik ve kronik toksik etkilerinin incelenmesi amaglandi. Calismada
70 adet Swiss albino irki erkek fare kullanildi. Grup 1 kontrol olarak tutuldu ve gruptaki hayvanlara 60 giin boyunca insektisit icermeyen yem verildi. Grup 2'ye 5
mg/kg/ca/giin PRO (LD50/20), Grup 3'e 10 mg/kg/ca/glin CYP (LD50/20), Grup 4'e ayni dozda PRO-CYP karisimi 60 giin boyunca yem icinde verildi. Calismanin
45 ve 60. glinlerinde 10'ar farenin kan érnekleriile karaciger ve bobrekleri alindi. Serum 6rneklerinde biyokimyasal analizler, karaciger ve bobrekte histopatolojik
incelemeler yapildi. insektisit uygulanan gruplar kontrol grubu ile karsilastirildiginda, serum kolesterol ve trigliserit diizeyleri ile aspartat aminotransferaz (AST),
alanin aminotransferaz (ALT), alkalin fosfataz (ALP) ve gama glutamil transferaz (GGT) aktivitelerinde yiikselme (P<0.05), albumin diizeyinde azalma (P<0.05),
grup 4'te bilirubin diizeyinde ytikselme (P<0.05) oldugu belirlendi. Grup 4'de trigliserit ve bilirubin diizeyleri ile ALP ve GGT aktivitelerinin diger gruplara gore
daha yiiksek oldugu (P<0.05); ayrica 4. grupta 60. giin ALT aktivitesi ve bilirubin diizeylerinin yiiksek seyrettigi (P<0.05) gdzlendi. insektisit uygulanan tiim
gruplarda karacigerde hepatositlerde nekroz, sitoplazmik vakuollesme, safra kanallarinda hiperplazi ve hiicre infiltrasyonu oldugu gézlendi. Bunlara ilaveten
grup 4'te 60 giin insektisit uygulamasi sonrasinda karacigerde tigroid bazofilik sitoplazma ve hepatoseluler hipertrofi; bobrekte tubuler epitelyal hiicrelerde
nekroz, sitoplazmik vakuollesme, hiicre infiltrasyonu ve glomerular atrofi gézlendi. Sonug olarak farelerde 45 ve 60 giin boyunca PRO, CYP ve PRO-CYP karisimi
verilmesinin karaciger ve bébrek fonksiyonlari ile protein ve lipid metabolizmasini olumsuz yonde etkiledigi; bu etkilerin 60 giin PRO-CYP verilen hayvanlarda
daha siddetli oldugu gézlendi.

Anahtar sozclikler: Sipermetrin, Propetamfos, Zehirlenme, Fare, Serum biyokimya, Histopatoloji
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INTRODUCTION

PRO is an organic phosphorus insecticide of a phos-
phoroimidate group, which has a strong insecticidal effect
and weak anticholinesterase activity . Similar to other
organophosphate insecticides, PRO irreversibly blocks the
activity of acetyl cholinesterase (AChE), which breaks down
acetylcholine (ACh), and thereby, leads to the accumulation
of ACh at the neuromuscular junctions, postganglionic
nerve terminals in smooth muscle, the myocardium, etc,,
and in all autonomic ganglia and the cholinergic synapses
of the central nervous system, causing intoxication 2,

Owing to its strong insecticidal activity, broad spectrum,
and low toxicity in mammals, CYP has commonly used in
treatment of parasitic infestations ©. The LD,, of CYP in mice
is 82-779 mg/kg . The major target area of CYP and other
pyrethroids in the body is the voltage-dependent sodium
channels located in the membrane of nerve cells. Pyrethroids
affect the opening and closure of these channels, resulting
in their remaining open for an extended time period, the
acceleration of Na* transport, and eventually nervous
discharge and blockage. Apart from the Na* channels,
pyrethroids also affect voltage-sensitive Ca*? channels, by
inducing the secretion of neurotransmitters and inhibiting
Ca*?-ATPases and Mg*>-ATPases 23,

Insecticides are widely used in agriculture, environmental
health, human and animal health and many insecticide
formulations contain two or more active ingredient.
Because of this reason, humans and animals are constantly
exposed to multi-insecticide residues. Chronic exposure
to insecticides has been associated with many hazardous
effect on nervous, endocrine, reproductive and immune
system 57, It has been showed that chronic exposure of PRO,
CYP and PRO-CYP combination cause lipid peroxidation
in mice ¥l There are several insecticide formulations
containing CYP and PRO for veterinary medicine in Turkey.
PRO and CYP poisonings have been reported for human by
Turkey Public Health Corporation . There is not any study
about effects of chronic administration to PRO, CYP and
PRO-CYP combination on serum biochemical parameters,
and liver and kidney in mice. With this study, subchronic
and chronic effects of PRO, CYP and their mixtures on
serum biochemical parameters and, liver and kidney
histopathology in mice to understand the possible health
effects to animals and human was investigated.

MATERIAL and METHODS

The trial was performed in compliance with the
instructions of Local Ethical Board of Erciyes University
Veterinary Faculty (040/051). Forty-day old male Swiss
albino mice, each weighing 35-40 g and the progeny of
parent mice, constituted the material of the study. The
mice were raised under a daily 12-h light and 12-h dark
regime, in a heat- (20-22°C) and ventilation-regulated

room, in polyethylene cages, each containing a maximum of
10 animals. Feed and water were provided as ad libitum ©.
For this research, technical standards of cypermethrin
(70%) and propetamphos (90%) obtained by Topkim Drug
Corporation, Istanbul, Turkey.

Four groups were established. While the control
group comprised 10 animals, each treatment group was
composed of 20 animals. The control group (Group 1) was
provided ad libitum with insecticide-free feed for 60 days.
The mice in Groups 2, 3 and 4 were administered with 5.0
mg/kg/BW/day of PRO, 10.0 mg/kg/BW/day of CYP, and
5.0 mg/kg/BW/day of PRO in combination with 10.0
mg kg/BW/ day of CYP, respectively, in feed for a period
of 60 days B

Blood samples were collected by cardiac puncture
on day 60 from the control group and on days 45 and 60
from 10 mice included in each of the treatment groups.
The blood samples were centrifuged at 3.000 rpm for 10
min by using Sigma 3K-30 and serum was transferred in
eppendorph tubes. Serum samples were maintained at
- 80°C in a deep freezer until analysed. The serum samples
were analysed for cholesterol, triglyceride, total protein,
albumin, and bilirubin levels, and AST, ALT, ALP and GGT
activities. The analyses were performed using Johnson &
Johnson kits in a Vitros 750 model auto-analyser. AST, ALT,
ALP and GGT were given in U/L, while the results of the
other analyses were given in mg/dL.

The mice, which were sampled for blood, were
euthanized by cervical dislocation. After extracted, the
liver and kidneys were examined for macroscopic lesions.
Subsequently, samples taken from the hepatic and renal
tissues were fixed in neutral formalin for 24 h, subjected
to routine processing, and embedded in paraffin. The
paraffin blocks were cut into sections of 5-6 um thickness
and stained with haematoxylene and eosin (H&E) for
microscopic examination.

Statistical analysis of biochemical parameters were
made with SPSS 16.0 software. Data were given as
arithmetic means and standard deviation. Significance
of among groups were employed with one-way variance
analysis and Tukey test.

RESULTS

When compared to the control group, in the treatment
groups it was observed that, the cholesterol and tri-
glyceride levels, and AST, ALT, ALP and GGT activities had
increased (P<0.05) and the albumin levels had decreased
(P<0.05); also the bilirubin level had increased (P<0.05) in
PRO-CYP treated group (Group 4) (Table 1). It was seen that
triglyceride and bilirubine levels and ALP and GGT activities
were more high (P<0.05) in PRO-CYP treated group (Group
4) than other groups; also ALT activity and bilirubine level
were high (P<0.05) in PRO-CYP treated group (Group 4)
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at 60 day (Table 1). When compared to the PRO treated
(Group 2) and CYP treated (Group 3) groups, triglyceride
level and AST activity were high (P<0.05) in CYP treated
group (Group 3) (Table 1). When compared to the PRO-
CYP treated group (Group 4), cholesterol, triglyceride and
bilirubin levels and AST, ALT and GGT activities decreased
(P<0.05) in PRO treated group (Group 2); also triglyceride
and bilirubin levels and ALP and GGT activities decreased
(P<0.05) in CYP treated group (Group 3); also triglyceride
and bilirubin levels and GGT activities were low (P<0.05)
both PRO treated group (Group 2) and CYP treated group
(Group 3) (Table 1).

Degenerative changes were present in all of the
treatment groups and were classified as severe (+++),
moderate (++), and mild (+), according to their severity
(Table 2). Microscopically, severe lesions were observed
in the kidney and liver samples of Group 4 on days 45 and
60 (Table 2).

The presence of many focal inflammatory cells
and degeneration were observed in the hepatic
tissues. Degenerative changes were characterized by
parenchymatous degeneration and the disintegration of
hepatocytic nuclei along with the hyperplasia of the bile

Table 1. Biochemical parameters of groups (mean=sd)
Tablo 1. Gruplardaki biyokimyasal parametreler (ort+ss)

Group Il (PRO) Group Il (CYP) Group IV (PRO-CYP)
Group |
Parameter (Control)
on 45 DAY 60 DAY 45 DAY 60 DAY 45 DAY 60 DAY
Cholesterol (mg/dL) 88.2+8,1¢ 116.3+12.2¢ 118.7+13.1¢ 127.3£11.9%¢ 129.3+£11.9% 142.2+4.0% 147.7£5.7°
Triglyceride (mg/dL) 107.7+8.2¢ 160.0£19.5¢ 161.0£14.8¢ 207.8+27.1° 210.8+26.6° 260.5+38.6° 265.0+26.9°
Total protein (mg/dL) 7.6x£0.6 7.3£0.5 7.2£0.2 7.1£0.5 7.2+0.4 7.4%0.3 7.5£0.2
Albumin (mg/dL) 4.6+0.2° 4.0+0.2° 3.7+0.2b< 4.0+0.45 3.5+0.2b< 350 25 3.4+0.1b<
AST (U/L) 106.7£16.0° 225.3+42.6¢ 242.2+30.8¢ 300.3+8.5¢ 311.5+10.25 343.8+21.0® 362.3£19.52
ALT (U/L) 21.3+2.9¢ 36.2+6.7¢ 36.7+2.9¢ 40.7+8.2 47.845.4° 50.2+6.2° 69.3+6.7°
ALP (U/L) 49.7+1.0¢ 77.248.5¢ 80.0+7.3¢ 76.0£5.4¢ 78.8+8.8¢ 94.0+7.72 97.3+5.6°
GGT (U/L) 1.7+0.8¢ 14.7£2.1° 15.3+2.0° 15.3+£3.2° 16.0+3.3° 25.2+4.8° 27.2+1.0°
Bilirubin (mg/dL) 2.4+0.2¢ 2.6+0.2¢ 2.840.1¢ 2.840.3¢ 2.940.1¢ 3.4+0.5° 4.0+0.3?
PRO: Propetamphos, CYP: Cypermethrin, PRO-CYP: Propetamphos and cypermethrin combination, AST: Aspartate aminotransferase, ALT: Alanine
aminotransferase, ALP: Alkaline phosphatase, GGT: Gamma-glutamyl transferase; a,b,c,d,e: Different characters indicate statistically significant differences
in the same line (P<0.05)

Table 2. Histopathological findings of groups
Tablo 2. Gruplardaki histopatolojik bulgular

Group I Group Il Group IV
Organ /Lesion
PRO-45 ‘ PRO-60 CYP-45 ‘ CYP-60 CYP-PRO-45 ‘ CYP-PRO-60

Liver

Cytoplasmic vacuolation ot S+

Condensed/pyknotic nuclei e+

Necrosis A e A ++++

Cellular infiltration +++ ++ +++ ++ ++++

Hyperplasia of bile duct

Passive congestion ++ ++ ++ ++++
Kidney

Pyknotic nuclei

Necrosis R

Deposition of casts .

Epithelium cytoplasmic vacuolation +++ .

Glomerulus atrophy E—

Cellular infiltration +++ I

CYP: Cypermethrin, PRO: propetamfos, CYP-PRO: Cypermethrin and propetamfos combination
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Fig 1. Histopathological findings of liver in Group 4. A: Histology of control group liver, B-F: Pronounced
histopathological abnormalities observed in Group 4, B: Perisinusoidal amyloidosis (A), C: Hepatocellular
hypertrophy with cytoplasmic basophilia, Fatty changes (arrowheads) and dilated sinusoids (S), D: Perivascular
cell infiltration and fatty changes, E: Parenchymatous degeneration of hepatocytes with mild necrosis.
Mononuclear cell infiltration and multinucleation of hepatocytes (arrow), F: Focal cellular granulomatous
lesions. PMCI: Perivaskiiler round cell infiltration; FC: Fatty change; MCl: Mononuclear cell infiltration.
Magnification: A&D&F, x200; B-C-E, x400

Sekil 1. Gruplarda karacigere ait histopatolojik bulgular. A: Kontrol grubuna ait karacigerlerin histolojisi, B-F:
Grup 4'te gozlenen belirgin histopatolojik bulgular, B: Perisinuzoidal amiloidler (A), C: Sitoplazmik bazofiler
iceren hepatoseliler hipertorifi. Yagl degisimler (ok uglari) ve genislemis sintzoidler (S), D: Perivaskiler
hicre infiltrasyonu ve yagh degisimler, E: Hepatositlerde orta siddetli nekrozla karakterize paransimatéz
dejenerasyon. Mononuklear hiicre infiltrasyonu ve hepatositlerde multintikleasyon (oklar), F: Fokal hiicresel
granllomato6z lezyonlar. PMCI: Perivasculer hiicre infiltrasyonu; FC: Yagli degisimler; MCl: Monontiklear hiicre
infiltrasyonu. Buyltme: A&D&F, x200; B-C-E, x400

ducts. The cytoplasm of the hepatocytes was of a light
colour and foamy appearance and was filled with vacuoles.
The cell size had increased, the nuclear chromatin was
more compact, and the slightly smaller nucleoli were
not conspicuous. The necrotic hepatocytic nuclei were
contracted, pyknotic, filled with condensed chromatin,
and the nuclear cytoplasm was strongly acidophilic. The
accumulation of mononuclear cells was observed in the
vicinity of sinusoids. Histopathological alterations included
perivascular round cell infiltration, marked degeneration

of the hepatic cords, and increased incidence of vacuolar
degeneration (Fig. 1, Table 2). Hepatocellular hypertrophy,
multinucleated hepatocytes and the deposition of pale,
homogeneous and amorphous eosinophilic material in
the periportal and perisinusoidal areas and the blood
vessel wall were observed on day 60 in only Group 4.
Microscopically, the kidneys showed toxic tubular necrosis
characterized by pyknotic cells, sloughing of the tubular
epithelium and epithelial casts in the tubular lumen
associated with the atrophy of the glomeruli in Group
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infiltration. Magnification: A&D&F, x200; B-C-E, x400

Fig 2. Histopathological findings of kidney on Group 4. A: Histology of control group kidney, B-F: Pronounced
histopathological abnormalities in Group 4 on day 60, B: Tubular necrosis (arrows) and focal mononuclear cell
infiltration, C: Glomerular necrosis (arrow) and tubular dilatation, D: Tubules containing necrotic cells (arrows)
and mononuclear cell infiltration, E: Tubular necrosis, F: Hyaline casts in tubule lumens. MCI: Mononuclear cell

Sekil 2. Gruplarda bobreklere ait histopatolojik bulgular. A: Kontrol grubuna ait bobreklerin histolojisi, B-F:
Grup 4'de 60. glinde gozlenen belirgin histopatolojik degisimler, B: Tubuler nekroz (okl/ar) ve fokal mononuclear
hicre infiltrasyonu, C: Glomeruler nekroz (oklar) ve tubuler genisleme, D: Tubuler nekrotik hiicreler ve
mononuclear hiicre infiltrasyonu (oklar), E: Tubuler nekroz, F: Tubul limenlerinde hiyalinize bdlgeler. MCl:
Monontiklear hiicre infiltrasyonu. Blytitme: A&D&F, x200; B-C-E, x400

4. Karyorrhexis, and in some cells karyolysis and cellular
infiltration, were also observed in Group 4 (Fig. 2, Table 2).

DISCUSSION

In the present study, when compared to the control
group, it was observed that in the PRO treated group
(Group 2) for 45 and 60 days, the serum cholesterol and
triglyceride levels and AST, ALT, ALP and GGT activities
had increased, while the albumin levels had decreased.
In particular, the increases observed in the activity of ALT,
an enzyme specific to hepatic damage ), as well as in the
activities of AST, ALP and GGT demonstrated that PRO

caused hepatic damage in mice. It has been reported that
PRO undergoes desulphuration by the liver P-450 enzymes
and is converted into oxygen-derived metabolites, while
by hydrolytic reactions it is converted into acetoacetate,
acetone and CO, in rats and mice "% In the present study,
increasing of serum cholesterol and triglyceride levels in
PRO treated group (Group 2) demonstrate that PRO have
adverse effects on the lipid metabolism. It is reported
that serum ALP activity, and cholesterol and triglyceride
levels also increase in cases of cholestasis . In addition
to increase of ALP activity and cholesterol and triglyceride
levels in the PRO treated group (Group 2) suggest that
subchronic exposure to PRO causes cholestasis in mice.
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Albumin is an enzyme synthesized in the liver and found
at a high level in the serum "%, This study showed that the
administration of PRO decreased serum albumin levels,
and this decrease may be associated with hepatic damage.

Cetin et al.™ reported that, following the administration
of 15 mg/kg of PRO for 28 days to rats, serum triglyceride
levels, and AST, ALP, and ALT activities increased, while
total protein levels decreased. Upon administering pro-
petamphos at doses of 7.5 and 15 mg/kg to rats for 28
days, Kanbur et al'? reported that plasma MDA levels had
increased while erythrocyte SOD, CAT and GSH-Px activities
had decreased. It is suggested that the adverse effects of
PRO on the liver could be related to the active metabolites
of the drug, which are generated in the liver, and to the
lipid peroxidation induced by these metabolites.

The present study demonstrated that, when compared
to the control group, the administration of CYP at a dose
of 10 mg/kg to mice for periods of 45 and 60 days led
to increased serum cholesterol and triglyceride levels,
and AST, ALT, ALP and GGT activities and decreased
albumin levels. Bhushan et al.l'® reported that the acute
(300 mg/kg) and subchronic (10.7 mg/kg) exposure of
rats to CYP caused increases in serum AST, ALT, ALP, and
LDH activities, and total lipid, triglyceride, total protein,
cholesterol, and bilirubin levels particularly on day 28.
Gomaa et al." indicated that the administration of rats
with 14.5 mg/kg of CYP for 30 days elevated serum liver
enzymes, cholesterol and MDA levels, and reduced total
protein, albumin, triglyceride and LDL levels as well as
antioxidant enzyme (SOD, CAT, GSH-Px) activities. It has
been reported that, in rats, exposure to CYP causes haemo-
lytic anaemia and hyperbilirubinaemia due to erythrocytic
membrane disease ™. In a study conducted by Khan %, in
which mice were given 20 mg/kg of CYP by gavage for 15
days, serum ALP, AST and ALT activities were determined
to have increased, while liver SOD, CAT, GSH-Px and
GSH-S-transferase activities were ascertained to have
decreased. Manna et al.'"¥ determined that, when rats
were administered with alpha-CYP at a dose of 14.5 mg/
kg for 30 days, serum AST, ALT, and ALP activities, and
blood glucose and liver MDA levels increased, and CAT
and SOD activities decreased. ALT activity is considered
as an indicator of general hepatocellular damage, whilst
AST activity is used as an indicator of mitochondrial
damage. On the other hand, the increase of blood ALP
activity indicates the presence of cholestasis in the liver.
Furthermore, increased serum LDH levels are considered
to be an indicator of hepatic necrosis "”. Both the results of
the present study and those reported in previous research
suggest that CYP leads to hepatic damage and induces
cholestasis. The results of this study also show that the
damaging effect of CYP on the liver is more severe than
that of PRO. Xenobiotics activate the sympathetic nervous
system, inducing the release of adrenaline from the
adrenal medulla, thus increasing both the mobilisation

of lipids from tissues and serum triglyceride levels '3, The
triglyceride-increasing effects of CYP may also be related
to this mechanism.

Manna et al.'® reported that CYP caused moderate
histopathological alterations in the liver and kidneys.
Gomaa et al.'" observed congestion of the central and
portal veins and hydropic degeneration of the hepato-
cytes in the liver, and suggested hepatic damage to be
associated with free radicals generated as a result of the
oxidation of CYP by the CYP-450 enzyme system. In various
research, rats administered with CYP were observed to
present with the enlargement of the hepatic sinusoids,
degeneration of the hepatic cords and hepatocytes in
the centrilobular areas, dilatation and desquamation,
cytoplasmic accumulation of eosinophils, and erythrocyte
accumulation in the cerebellar and meningeal blood
vessels of the brain, and these effects were considered
to be associated with the generation of free radicals 2",
Apart from causing free radical generation in the liver, CYP
also inhibits the activity of hepatic ATPase, resulting in
the necrosis, inflammation and cytoplasmic hypertrophy
of hepatocytes. It has been reported that synthetic
pyrethroids lead to the formation of unstable cyanides and
aldehydes in the liver 22, Thus, these metabolites may be
responsible for the cellular damage caused by CYP in the
liver. The hepatic damage caused by cypermethrin in the
present study may be related to these metabolites as well
as to free radical-induced lipid peroxidation and reduced
ATPase activity.

Compared to the PRO and CYP treated group (Group
2 and Group 3), cholesterol, triglyceride, and bilirubin
levels, and AST, ALT and GGT activities increased (P<0.05)
in PRO-CYP treated group particularly in 60 days (Group
4). The results of the present study demonstrated that
the combined administration of CYP and PRO caused
synergistic interaction in mice and aggravated hepatic
damage. The results of the present study also showed
that while the administration of PRO and CYP alone did
not cause any statistically significant difference in serum
bilirubin levels, the combined use of PRO and CYP led to
a statistically significant increase in serum bilirubin
levels. Increased bilirubin levels are considered an
indicator of hepatobiliary disorders . This data confirms
PRO-CYP treatment aggravate the liver damage.

In a study in which mice were administered with CYP
(10 mg/kg), PRO (5 mg/kg) and a combination of CYP and
PRO B1'it has been reported that MDA and NO significantly
increase, SOD, CAT and GSH-Px activities significantly
decrease in all groups; CYP, PRO and CYP+PRO combination
induce lipid peroxidation. In our study, triglyceride and
bilirubine levels and ALP and GGT activities were more
high in PRO-CYP treated group (Group 4) than other
groups; also ALT activity and bilirubine level were high
in PRO-CYP treated group (Group 4) at 60 day. Results of
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this study show that PRO-CYP treatment exacerbates the
liver degeneration. PRO-CYP induced hepatic damage
could be related to lipid peroxidation as mentioned in
previous studies.

In the present study, the combined administration
of PRO and CYP, particularly for a period of 60 days, was
observed to be associated with passive congestion,
necrosis, mononuclear cell infiltration and hyperplasia
of the bile ducts in the liver, and with cellular infiltration
and degenerative alterations in the kidneys. Bile duct
hyperplasia may result from hepatic injury and repair, and
is often associated with evidence of these phenomena.
Mononuclear cells with areas of hepatocyte necrosis can
be considered as an indication of the chronic inflammation
of the liver. The infiltration of inflammatory cells is a typical
response to parenchymal cell death following exposure to
toxicants and their toxic metabolites . Similar but more
severe lesions were observed in the Group 4.

In the Group 4, degenerative and aggressive lesions
including necrosis, multinucleated and disarranged hepato-
cytes and amyloid degeneration, were characteristic
pathological changes. Hepatocellular hypertrophy following
enzyme induction was considered to be an adaptive
response to chemical stress. Tubular necrosis and focal
mononuclear cell infiltration, glomerular necrosis and
hyaline casts in tubule lumens with tubular dilatation, and
perivascular round cell infiltration were observed in the
Group 4. The histopathological changes show consistency
with our biochemical results (Table 1) and previous
studies 12429,

Enzymes responsible for metabolic interactions (bio-
transformation), which are one of the major mechanisms
of drug interactions, are in general enzymes belonging to
the cytochrome P-450 group. When drugs, which are the
substrate of the same enzyme group, are administered in
combination, there is a possibility of metabolic interactions
occurring 26?1 It has been reported that pyrethroids were
rapidly metabolized by esterases in the body and that their
metabolic rate could be reduced by esterase inhibitors,
such as organic phosphorous insecticides, increasing the
toxicity of pyrethroids 27, Similarly, the present study
demonstrated that the combined administration of PRO
and CYP to mice for 60 days caused to synergistic effect on
biochemical parameters and at histopathological findings.
The aggravation of adverse effects with combined use
may not only be related to metabolic interactions, but also
to the two pesticides prolonging the elimination of each
other from the body.

In the present study, it was concluded that the
exposure of mice to PRO, CYP and PRO-CYP combinations
for subchronic and chronic periods caused adverse effects
on liver and kidney functions as well as on protein and
lipid metabolism; PRO-CYP combination aggravated these
adverse effects; chronic exposure of PRO, CYP and their

mixture are more toxic than subchronic exposure. The
results show that usage of insecticide combinations can
increase insecticide induced toxic effects on mammals and
duration time affects toxicity of insecticides. So, in vivo
and in vitro researches are required to understand toxicities of
insecticides and insecticide mixtures on mammals.
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Abstract

The present study was conducted to investigate the effect of kefir, koumiss, milk and yoghurt administration on plasma cells, which
synthesize specific antibodies against antigens, and mast cells, which have a role in the regulation of humoral and cellular events, in the
mice spleen tissues. Mice (n=30) were divided into 5 groups. As a result of statistical evaluation, live weights of mice in kefir, koumiss,
milk and yoghurt groups were found to be increased compared to the control group. When numbers of plasma cells in spleens of mice
treated with kefir, koumiss, milk and yoghurt were checked with stereological methods, significant difference was found to be increased
in number of plasma cells of kefir-treated mice compared to other groups at the end of 15 days. At the end of day 15, a significant
difference was found to be increased in the number of mast cells in the spleen of milk-treated mice compared to control group. As the
number of plasma cells in the spleen is at higher level with kefir, than with koumiss, milk and yoghurt; also there being a significant
difference between the numbers of mast cells in the spleens of mice treated with milk compared to control group, this is remarkable for
healthy eating/functional food.

Keywords: Kefir, Koumiss, Milk, Yoghurt, Plasma cell, Mast cell

Kefir, Kimiz, Siit ve Yogurt Uygulamasinin Fare Dalaginda Plazma
Hiicresi ve Mast Hiicrelerinin Dagilimi Uzerine Etkileri

Ozet

Bu calisma, kefir, kimiz, stt ve yogurt uygulamasinin fare dalak dokusunda, karsilastiklari antijene spesifik antikor sentezleyen plazma
hucreleri ile humoral ve hiicresel olaylarin dlizenlemesinde rolii olan mast hiicrelerinin sayisal dagilimini belirlenmeyi amaglanmistir.
Fareler (n=30) her grupta 6 adet olacak sekilde 5 gruba ayrildi. istatiksel degerlendirmeler sonucunda kefir, kimiz, siit ve yogurt grubunda
bulunan farelerin canli agirhklarinin kontrol grubuna goére arttigi tespit edildi. Kefir, kimiz, stit ve yogurt uygulanan farelerin sterelojik
yontemle dalaktaki plazma hiicreleri sayisina bakildiginda 15. gliniin sonunda kefir uygulanan farelerin dalaginda plazma hicrelerinin
sayisinda diger gruplara gére anlamlibirartisin oldugu tespit edildi. 15. gliniin sonunda stit uygulanan farelerin dalaginda mast hiicrelerinin
sayisinda kontrol grubuna gére anlamli bir artisin oldugu belirlendi. Yararli mikroorganizmalardan olusan kefirin, dalaktaki plazma hticre
sayisina bakildiginda kimiz, siit ve yogurttan daha yiiksek diizeyde bulunmasi; ayrica siit uygulanan farelerin dalaginda mast hiicrelerinin
sayisinda kontrol grubuna gére anlamli bir farkin olmasi saglikli beslenme/fonksiyonel gida kapsaminda dikkat gekicidir.

Anahtar sozciikler: Kefir, Kimiz, Siit, Yogurt, Plazma hiicresi, Mast hiicresi

INTRODUCTION product with combination of ethyl alcohol and lactic acid
fermentation M. Kefir has been reported to have antitumoral

Kefir, obtained from kefir granules or main culture of  effect, effect on immune system and digestive system,
granules, is a refreshing, slightly acidic fermented dairy  effect against lactose intolerance and cholesterol, as well
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as relaxing effect 2, Koumiss is a dairy product produced
from fermented mare’s milk in Central Asia, especially in
Turkestan and Mongolia 7. Koumiss is an old Turkish drink
derived from mare’s milk. Koumiss ferment also includes
yeasts such as Torulasp in addition to lactic acid bacteria
such as Lactobacillus bulgaricus and Saccharomycetales ™.
Milk is a fluid with peculiar smell and flavor which is
secreted from milk glands according to animal species at
different times in order to feed new breeds and it contains
essential amino acids, fat, lactose, essential minerals and
vitamins that baby animals have to get until they can
feed themselves ©. Yoghurt is a fermented dairy product
obtained by lactic acid fermentation with addition of
Lactobacillus bulgaricus and Streptococcus thermophilus
to milk %, It has carbohydrates, lipids, quality protein,
important minerals and B vitamins and is known to have
an important place in human nutrition ", Plasma cells
typically represent less than 1% of the cells in lymphoid
organs, yet they are responsible for all antibody in
circulation "2, Because it has more phagocytic cells, spleen is
an important place for defense against antigens reaching
blood circulation. Spleen is an important filter for blood
and antibody-producing organ as it catches blood borne
antigens and reacts quickly "3, Mast cells are found in the
skin and in all mucosal tissues at homeostasis, and numbers
are elevated in asthmatics lungs and gastrointestinal
tract of inflammatory bowel disease . These cells are
particularly found in body surfaces such as gastrointestinal
tract mucosa, skin and peritoneum in proximity to blood
vessels and nerves ' and mast cells are necessary for the
development of allergic reactions, through crosslinking
of their surface receptors for IgE leading to degranulation
and the release of vasoactive, pro-inflammatory and
nociceptive and proteolytic enzymes [718),

In this study, it was aimed to determine the effects of
kefir, koumiss, milk and yoghurt on number of plasma cells
that synthesize specific antibodies against antigens and
mast cells that play important role in regulation of immune
system and defense of organism in mice spleen tissue.

MATERIAL and METHODS

Experimental Animals

This study, approved by the Animal Testing Local Ethics
Committee of Mehmet Akif Ersoy Universty use Committee
Protocol (12/03/2014, 11/69). In the study, a total of 30
male mice (Swiss albino), weighing approximately 22-35 g,
which were never mated and never used in any studies,
were used. Mice were randomly divided into 5 groups
each containing 6 mice and fed ad libitum for fifteen days
with normal rat chow and tap water, at 22+2°C ambient
temperature, 12 h of light/dark cycle in standard cages.

Establishment of Experimental Groups

Group | (Kefir), kefir drink was prepared by adding kefir

granules into 3% sterile milk and fermentation for 24 h
at 30°C. The obtained kefir was diluted at a 1/3 rate and
prepared fresh for every administration. Group Il (Koumiss),
koumiss obtained from Alas Koumiss Farm (Kemalpasa,
izmir) was used in its original form. Group IIl (Milk), sterile
milk was given to rats in their original form, as sold in the
market as UHT milk. Sterile milk used during the study
contained 3% fat, 3% protein and 4.5% carbohydrates.
Group IV (Yoghurt), lyophilized yoghurt culture was added
into sterile milk and fermentation was achieved at 43°C for
3-4 h and yoghurt was provided to complete 24 h at +4°C.
At the end, yoghurt was applied following 1/3 dilution
rate. Group V (Control), this group of mice was fed with
mice chow and tap water.

Live Weight Measurements

Live weight of all animals in all groups was weighed
before starting 15 days administration and at the end
of study. Mice were euthanized by cervical dislocation
under anesthesia with diethyl ether and spleen tissues
were collected. Statistical Package for Social Sciences 15.0
(SPSS 2006) program was used for statistical comparison
of live weight measurements between groups. Using the
Wilcoxon Signed Ranks Test, possible differences were
detected.

Histological Studies

A portion of the spleen tissue fragments was fixed in
alcohol-formalin fixing solution in order to determine
plasma cells and pyroninophilic cells, and fixed in 10%
formaldehyde solution for 48 h in order to determine mast
cells. Then they were passed from graded alcohols, methyl
benzoate and benzene series and blocked in paraplast
embed. 5 pm sections from these blocks were stained by
methyl green-pyronin staining " to demonstrate plasma
cells and Toluidine Blue (pH 0.5) staining method to
demonstrate mast cells 2%,

Cell Counts and Statistical Analysis

For stereological analysis of plasma cells in spleen tissue
preparations; digital camera (MBF/Bioscience, Qimaging),
automatically controlled sample stepper, light microscope
(Leica, DM400B) and the software program (MBF Bio-
science, Stereo investigator, version 9) were used. Each
region was determined to be 200.000 um? in 5 different
regions of spleen preparations obtained from each animal.
In this field, number of plasma cells was determined in a 1
mm? area on the entire surface with a random systematic
with 70 pum x70 pm step interval and 900 um? unbiased
counting frame ©Y. 100 square ocular micrometer (eye
piece graticule) was used in order to determine the
numerical distribution of mast cells in spleen preparations
stained with Toluidine Blue. The area of 100 square ocular
micrometer was calculated with the help of micrometer
slide at hundred (100) lens zoom of Olympus CX22-type
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light microscope. Mast cell count was done with 100x lens
magnification in 25 randomly selected different regions of
each section. Then all the obtained data was converted to
number of mast cells per T mm? unit area 1%, SPSS 15.0
was used for statistical analysis of plasma and mast cell
counts in the spleen and One-Way ANOVA and Duncan’s
multiple comparison tests were performed.

RESULTS

Live Weight Results

As a result of the statistical data, live weights of kefir,
koumiss, milk and yoghurt groups were increased compared
to the control group (Table 7). When groups were inter-
compared, a significant difference was detected regarding
live weight gain in kefir-control, koumiss-control, milk-
control and koumiss-yoghurt groups (Table 2).

Table 1. A comparison of the live weight between groups
Tablo 1. Gruplar arasinda canli agirliklarinin karsilastiriimasi

Groups Number (n) Mean * Standard Deviation
Kefir 6 37.71£3.34
Koumiss 6 38.80+2.85
Milk 6 39.08+3.84
Yoghurt 6 36.63+2.26
Control 6 33.58+3.76

Histological Findings

In spleen tissue of all groups, specific plasma cells
were detected as a result of methyl green-pyronin
staining (Fig. 1, 2, 3). Plasma cells were determined to
be found in greater amounts in the red pulp compared
to white pulp. Considering the number of plasma cells,
distribution was observed to differ between the groups.
When number of plasma cells in 1T mm? of spleen was
examined by stereological methods at the 15™ day a
significant difference was found in number of plasma
cells in the kefir group compared to koumiss, milk,
yoghurt and the control group (P<0.05). Also increased
number of plasma cells was found in koumiss, milk
and yoghurt groups compared to control group (P<0.05)
(Table 3).

Specific mast cells were detected in spleen tissues of
all groups (Fig. 4, 5). Mast cells were determined in the red
pulp in greater amount than in white pulp of spleen. It was
observed that they especially concentrated around blood
vessels. Considering the number of mast cells, significant
differences between groups were observed regarding
distribution. When number of mast cells in 1 mm? of
spleen was examined by stereological methods at the 15%
day groups, a significant difference was found in number
of mast cells in the milk group compared to other groups
(P<0.05). The largest increase in the number of mast
cells of groups was determined to be in the milk group
(P<0.05) (Table 4).

Table 2. Comparison of inter-group live weights with Wilcoxon signed-range test

Tablo 2. Gruplar arasi canli agirliklarin Wilcoxon signed rang testi ile karsilastiriimasi

Test Kefir Kefir Kefir Kefir Koumiss | Koumiss Koumiss Milk Milk Yoghurt
Koumiss (g) | Milk (g) | Yoghurt(g) | Control (g) | Milk(g) | Yoghurt(g) | Control (g) | Yoghurt(g) | Control (g) | Control (g)
Z value -0.94 -0.52 -0.73 -2.20 -0.11 -1.99 -1.99 -0.73 -1.57 -1.57
P value 0.35 0.60 0.46 0.03* 0.92 0.046* 0.046* 0.46 0.03* 0.12
*P<0.05

||||-‘u¢4|

Fig 1. Specific plasma cells in mice spleen tissue as a
result of methyl green-pyronin staining, 1000x

Sekil 1. Fare dalak dokusunda metil green-pironin
boyamasi sonucu spesifik plazma hticreleri, 1000x
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Fig 2. Specific plasma cells in mice spleen tissue as a result of
methyl green-pyronin staining, Bar: 50 um

Sekil 2. Fare dalak dokusunda metil green-pironin boyamasi
sonucu spesifik plazma hticreleri, Bar: 50 um

Fig 3. Specific plasma cells in mice spleen tissue as a result of
methyl green-pyronin staining, Bar: 10 um

Sekil 3. Fare dalak dokusunda metil green-pironin boyamasi
sonucu spesifik plazma hticreleri, Bar: 10 um

Table 3. The number of plasma cells in the spleen

Tablo 3. Dalakta plazma hiicre sayisi

Cell Control X£S Koumiss X+S

Yoghurt X£S

Milk X£S Kefir XS Significant

Plazma cells 417.5£39.0¢ 543.5+31.4°

583.5+33.1°

551.1+£49.0° 732.3%£35.3% P<0.001

ab.< Differences between average values, represented by different letters in the same row, is important (P<0.05)

DISCUSSION

Teruya et al.?? found that kefir both increase the
growth and live weight, in parallel to study of Carnevell
et al.””®, in a study on the protective effects of kefir and
fermented milk in case of X-ray irradiation-induced intestinal
damage. Also in this study, similar to studies ?**4 reporting
that beneficial microbial food increase live weight, it
was detected that kefir, koumiss, milk and yoghurt
administration increases live weight and that this increase
is statistically significant (P<0.05). Live weight gain in
kefir, koumiss, milk and yoghurt group being more
compared to the control group suggests that it arise

from kefir, koumiss, milk and yoghurt containing different
beneficial organisms 2. Beyond the inherent high
nutritional value as a source of protein and calcium, kefir
is believed to be beneficial to health in the countries
where kefir is an essential part of the diet culture for a
long time 26271, Effects of kefir on antioxidant and growth
factors have been shown in several studies #2233 found
that the protective effect of kefir is more than vitamin E
in oxidative damage induced by CCl, in mice, by reducing
lipid peroxidation and increasing reduced glutathione
and glutathione peroxidase levels. In recent years in
the mentality of a healthy diet, nutrition support with
antioxidant-rich foods to prevent damages causing
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Fig 5. Specific mast cells in mice spleen tissue as a result of
Toluidine Blue, Bar: 50 pm

Sekil 5. Fare dalak dokusunda Toluidine Blue boyamasi
sonucu spesifik mast hicreleri, Bar: 50 pm

Tablo 4. Dalakta mast hiicre sayisi
Table 4. The number of mast cells in the spleen

Fig 4. Specific mast cells in mice spleen tissue as a result of
Toluidine Blue, Bar: 50 pm

Sekil 4. Fare dalak dokusunda Toluidine Blue boyamasi
sonucu spesifik mast hiicreleri, Bar: 50 pm

6.40+£0.71°

Mast cell 4.56+0.32¢

6.11 £0.42"

8.12+0.46* 5.95+0.63" P<0.001

ab.< Differences between average values, represented by different letters in the same row, is important (P<0.05)

oxidative stress in the body has risen to the forefront. In
this direction, antioxidant substances may avoid oxidation
damages by preventing the formation of free radicals or
stopping or decreasing the activity of formed free radicals 5.
In our study, the number of plasma cells in the spleen of
mice treated with kefir is significantly higher than mice
in koumiss, milk, yoghurt, and control group. Likewise
plasma cell number of mice treated with koumiss, milk and
yoghurt is significantly greater than control group. When
the groups were compared, plasma cell counts in spleen,
which has a very important role in organism’s defense by
containing antigen presenting cells to T and B lymphocytes
and macrophages, being significantly more in kefir group

than koumiss, milk and yoghurt group is suggesting that
kefir has an effect on natural immune system, modulates
the immune system and also it has ability to stimulate
immune cells.

Koumiss is rich in fatty acids as linoleic acid and
arachidonic acid. These fatty acids being high enhance
the importance in nutritional terms. Healing effect of
koumiss is brought about intermediates as a result of
fermentation of vitamins C, carbondioxide, lactic acid and
alcohol contained in mare milk 5%, In our study, koumiss,
milk and yoghurt were found to significantly increase
plasma cell count in spleen, which response by starting
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immune response that then activates T and B cells against
blood antigens, compared to control group. Mare milk has
essential features for human nutrition due to high amounts
of polyunsaturated fatty acids, low cholesterol content
and different protein structure B¢, Kefir, koumiss, milk and
yoghurt, comprising useful microorganisms, are thought
to potentiate the mucosal defenses, induce mucosal
antibody response and cellular immune response and play
immune modulatory role by stimulating cell activity.

It wasn't come across so many literature about mast
cells population and functions in mammalian lymphoid
organs. In our study, the number of mast cells in the spleen
of mice treated with milk was significantly higher than
the control group. Although number of mast cells of mice
treated with kefir, koumiss and yoghurt were more than
the control group, no statistically significant difference
was detected. In this study, mast cells in the spleen of mice
treated with milk showed numerical differences. Mast
cells are the effector cells of the immune system found
in all of connective tissue. They play a very critical role in
allergic reactions 5738, Despite the entire literature search,
no study investigating the effect of milk administration
on mast cells in the spleen in a mice model and anti-
allergic effects of milk was observed. The role of mast cells
in allergic tissue inflammation is well known. IL-4 plays a
role in mast cell proliferation and release of IgE-dependent
mast cell mediators. Activated mast cells secrete Th2-type
cytokines such as IL-3, IL-5, and IL-13 and leads to the
accumulation of eosinophils and other inflammatory
cells B9, Milk, necessary in all stages of human life,
is thought to cause contraction of smooth muscles
and neurogenic vasodilatation by increasing vascular
permeability of histamine, the most important and best-
known mast cell mediator, and have profound effects on
natural and acquired immune system by their effects on
T lymphocytes.

In conclusion; as the number of plasma cells in the
spleen is at higher level with Kefir, consisting of beneficial
bacteria, than with koumiss, milk and yoghurt; also there
being a significant difference between the numbers of mast
cells in the spleens of mice treated with milk compared
to control group, this is remarkable for healthy eating/
functional food. As there are limited researches on this
subject, new researches will undoubtedly be important.
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Abstract

Two experiments were conducted to evaluate the effects of high and low doses of Satureja Khuzistanica essential oil (SEO) on blood lipid
constituents and sex hormones in broiler chicks. In trail 1, 420 one-day-old Cobb 500 chicks of both sexes were randomly placed in 21 floor
pens to examine the effect of supplementation of drinking water with 0, 0.5, 1.0, 1.5, 2.0, and 2.5 g/L SEO or 3.0 g/L Polysorbate-80 (control+)
in 3 replicates of 20 birds each. In Experiment 2, 720 newly hatched male Arian chicks were randomly assigned to 36 floor pens to examine
the effect of 0, 0.2, 0.3, 0.4 and 0.5, g/L SEO or 0.5 g/L Polysorbate-80 (control+) in 6 replicates of 20 birds each. As a result of this study, SEO
at 0.5 and 0.3 g/L in Experiments 1 and 2, respectively, modulated serum cholesterol and high density lipoproteins (HDL) levels, albeit the
differences were not significant when compared to appropriate control groups (P>0.05). The SEO at 0.5 g/L caused significant decrease (16%)
in abdominal fat percentage of the birds at 28 d (Trial 1; P<0.05). In trail 2, inclusion of SEO into drinking water at 0.2, 0.3, 0.4 and 0.5 g/L
significantly reduced the serum estradiol to 50, 50 and 45 percent, respectively, and increased serum testosterone level by about 2, 4, 4 and 5
folds, respectively, in comparison with the control- birds (P>0.05). The results propose the possibility of testosterone-coupled hypolipidemic
properties for SEO in broiler chicken.

Keywords: Broiler chicken, Carvacrol, Estradiol, Hypolipidemic effect, Testosterone

Broyler Tavuklarda Satureja khuzistanica Esansiyel Yagin
Hipolipidemik Etkileri Steroid Hormonlardaki Degisim
Yoluyla Olusturulur

Ozet

Yiiksek ve diistik doz Satureja Khuzistanica esansiyel yag (SEO) uygulamasinin broyler civcivlerde kan lipid bilesenleri ve seks hormonlari
Uzerine etkilerini degerlendirmek lzere iki calisma ytratuldi. Birinci calismada, 420 adet her iki cinsiyetten bir glinlik Cobb 500 civciv rastgele
olarak her birinde 20 adet civciv bulunan 21 adet yer kiimeslerine yerlestirildi ve 3 tekrar olmak Uzere icme suyu icerisinde 0, 0.5, 1.0, 1.5, 2.0
ve 2.5 g/L SEO veya 3.0 g/L Polysorbate-80 (kontrol+) uygulamasinin etkileri incelendi. ikinci calismada, 720 adet yumurtadan yeni ¢ikmis
erkek Arian civciv rastgele olarak her birinde 20 adet civciv bulunan 36 adet yer kiimeslerine yerlestirildi ve 6 tekrar olmak tizere 0, 0.2, 0.3, 0.4
ve 0.5, g/L SEO veya 0.5 g/L Polysorbate-80 (kontrol+) uygulamasinin etkileri incelendi. Calisma sonucunda 1 ¢calismada 0.5 ve 2. Calismada
0.3 g/L SEO uygulamasinin serum kolesterol ve yiiksek yogunluklu lipoprotein (HDL) seviyelerini azalttigi ancak farklarin kontrol gruplar ile
karsilastirildiginda anlamli olmadigi (P>0.05) tespit edilmistir. 0.5 g/L SEO 28. glinde civcivlerin abdominal yag yiizdesinde (%16) anlamli bir
diismeye neden oldu (Deney 1; P<0.05). ikinci deneyde, kontrol grubuyla karsilastirldiginda 0.2, 0.3, 0.4 ve 0.5 g/L SEO azalmalari serum
ostradiyol seviyeleriniylizde 50, 50 ve 45 oranlarinda anlamli derecelerde azaltirken serum testosteron seviyelerini sirasiyla 2, 4,4 ve 5 katlarinda
arttirdi (P>0.05). Elde edilen sonuglar broyler tavuklarda SEO icin testosteron iliskili hipolipidemik etkilerin olabilecegini gdstermektedir.

Anabhtar sézciikler: Broyler tavuk, Carvacrol, Ostradiyol, Hipolipidemik etki, Testosteron

INTRODUCTION as a phenolic, caustic and bitter tasting compound ™

which demonstrates significant antioxidant™® and anti-
The essential oil derived from Satureja Khuzistanica  microbial ® properties. Accordingly, it has been reported
contains above 90 percent carvacrol. Carvacrol is described  that the carvacrol-reached essential oils from Lamiaceae
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family plants such as savory has antioxidant ), antiviral ¥,
antibacterial ' and antifungal ® effects.

Recently, particular attention has been focused on
hypolipidemic effects of phytogenic remedies in poultry
meat and egg. Among many herbal spices or extracts
examined, essential oils of onion and garlic ®1%, thyme 1'%,
turmeric "*™ and oregano "% exhibited superior hypo-
cholesterolemic effects in chicken. It has been suggested
that such effects are mainly induced through the inhibition
of the key enzymes in cholesterol and lipid synthesis "7,
On the other hand, many clinical investigations showed
that herbal extracts are able to alter the reproductive
functions in mice 2% and white plymouth rock-mini
cocks P through affecting sex hormones secretion and
their physiological balance. Considering the anabolic
effects of androgens, the hypolipidemic effects of herbal
extracts may be the consequence of abovementioned
alterations in the sex hormones.

In spite of a significant decrease in serum triglyceride
levels observed with a carvacrol reached plant extract
from savory in diabetic and hyperlipidemic rats and no
change in cholesterol level in hyperlipidemic rats “, the
hypolipidemic properties of carvacrol and carvacrol-
reached plant extracts remain largely uninvestigated. In
view of the scarce experimental results on hypolipidemic
properties of carvacrol in connection with sex hormones
in avian species, two studies were undertaken to examine
the effect of high and low doses of Satureja khuzistanica
essential oil containing 94.16 percent carvacrol, on
blood fat constituents and sex hormones, while it was
administrated through drinking water into broiler chicks.

MATERIAL and METHODS

Preparation of Essential Oil

The essential oils used for this experiment freshly
provided from a particular species of savory herbs known
as Satureja khuzistanica Jamzad, an endemic plant
distributed in southern part of Iran 2223, The aerial parts
of the plant collectively contain up to 3 percent of
essential oils which is spectacularly rich in carvacrol (up
to 95 percent) 24, The aerial parts of Satureja khuzistanica
were manually harvested during the flowering stage of
plant. The collected materials were air dried at ambient
temperature in the shade and hydrodistilled using a
Clevenger type apparatus for 5 h, giving yellow oil in 3
percent yield. The oils were dried over anhydrous sodium
sulfate and stored at 4°C. A random sample of the stored
oil was analyzed for the composition of essential oils using
the methods described by Hadian et al.??. The resulting
composition verified that it is highly-reached in carvacrol
by >94 percent. The major constituents in the remaining
impurity were determined as p-Cymene (0.96%) and
y-Terpenene (0.51%) (Table 1).

Experimental Flocks

In Experiment 1, 420 day-old Cobb 500, broiler chicks
(43.65+1.2 g) were provided from a local commercial
hatchery. The birds were housed in a concrete floor, cross-
ventilated windowless shed where they were randomly
placed in 21 pens (90x180 cm; at density of 0.08 m*/bird).
Each pen was equipped with an infra-red brooder. The
treatments were arranged into 3 blocks to account for
variations in the ventilation system. Seven experimental
treatments including 0 (control-), 0.5, 1.0, 1.5, 2.0, and
2.5 g/L SEO or 3.0 g/L Polysorbate-80 as emulsifier agent
(control+) were administrated ad libitum via drinking
water to 3 replicate pens of 20 birds each, up to the day
28 of age. The solution was prepared for each treatment
in a daily basis and the remaining was discarded. The
chicks were maintained on a 24-h light schedule. Feed
and water supplied to the birds through a tube feeder
and a manual waterer in each pen, respectively. Corn
and soybean meal based starter and grower diets were
formulated using UFFDA software according to the
NRC 2 recommendations (Table 2). The Diets and water
were provided for ad libitum consumption throughout the
28-d experimental period.

In the second experiment, 720 one-day-old Arian
broiler chicks were obtained from a commercial hatchery
and housed in the same shed with similar flocking density
as Experiment 1 up to 42 days of age. The chicks were
randomly assigned to 36 pens arranged in 6 rows (blocks/
replicates). Corn and soybean meal based pre starter,
starter, grower and finisher diets (Table 2) and water
was provided for ad libitum consumption throughout
the 42-d experimental period. Diets were pelleted and
the pellet sizes adjusted to the age of the birds. The six
experimental treatments consisting 0 (control-), 0.2, 0.3,
0.4 and 0.5 g/L SEO or 0.5 g/L Polysorbate-80 (at 1:1
ratio v/v; control+) were continuously provided (through
drinking water) for 6 replicate pens of 20 birds each, up to
42 days of age.

Table 1. Composition of Satureja khuzistanica essential oil

Tablo 1. Satureja khuzistanica esansiyel yagin bileseni

Compound RI' Composition (%) | Identification?
Carvacrol 1282 94.16+0.46 RI, MS, Col
p-Cymene 1017 0.96+0.86 RI, MS, Col
y-Terpenene 1053 0.51+0.23 RI, MS, Col
(2)- B-Oeimene 1036 0.42+0.08 RI, MS

a -terpinole 1175 0.32+0.45 RI, MS
Myreene 981 0.21+0.19 RI, MS
a-Terpinene 1013 0.18+0.12 RI, MS, Col
a-Thujene 925 0.14+0.14 RI, MS

a- Pinene 933 0.12+0.05 RI, MS, Col

' RI; Retention indices determined relative to n-alkanes (Cs-C,) on a DB-
5GC column
2 Rl; Retention indices, MS; mass spectra, Col; co-injection
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Table 2. The ingredients and the nutrient composition of the experimental diets

Tablo 2. Deneysel diyetin icerik ve besin bilesenleri

Experiment 1 Experiment 2
Item Starter Grower Prestarter Starter Grower Finisher
(1-14d) (15-28d) (1-7d) (8-21d) (22-35d) (36-42d)

Ingredient (%)
Corn 55.00 63.00 453 47.9 46.7 47.8
Soybean meal 36.00 28.10 34.8 339 26.9 23.6
Fish meal 3.17 3.20 - - - -
Wheat = - 7 12 20 22
Soybean oil 3.40 3.20 13 1.2 1.3 1.4
Corn gluten - - 6 - - -
Calcium carbonate = = 1.20 1.10 1.11 1.15
Dicalcium phosphate 1.20 1.00 2.16 1.94 2.01 2.07
DL-methionine 0.10 0.15 0.34 0.31 0.32 0.33
L-lysine 0.15 0.15 0.15 0.13 0.14 0.14
Vitamin permix’ 0.25 0.30 0.28 0.25 0.26 0.27
Mineral permix? 0.30 0.30 0.28 0.25 0.26 0.27
Salt 0.25 0.25 0.39 0.35 0.36 0.38
Coline cloride = = 0.14 0.13 0.13 0.14

Calculated value
ME (kcal/kg) 3100 3220 2962 2880 2952 2993
Crude protein (%) 23.00 19.12 24.28 21.15 18.82 17.63
Crude fat (%) 3.90 3.70 4.32 3.13 3.50 3.74
Crude fiber (%) 3.01 2.87 3.74 3.75 3.48 333
Calcium (%) 0.85 1.00 1.10 1.00 1.00 1.00
Available P (%) 0.42 0.50 0.55 0.50 0.50 0.50
Methionine (%) 0.51 0.40 0.59 0.51 0.45 0.43
Lysine (%) 1.44 1.03 1.29 1.09 0.95 0.88

" Supplied per kg of diet: Mn, 55 mg; Zn, 50 mg; Fe, 80 mg; Cu, 5 mg; Se, 0.1 mg; I, 0.18 mg

2 Supplied per kg of diet: vitamin A, 18000 IU; vitamin D,, 4000 IU; vitamin E, 36 mg; vitamin K;, 4 mg; vitamin B,,, 0.03 mg; thiamine, 1.8 mg; riboflavin, 13.2

mg; pyridoxine, 6 mg; niacin, 60 mg; calcium pantothenate, 20 mg; folic acid, 2 mg; biotin, 0.2 mg; choline chloride, 500 mg

Data Collection

At the end of Experiment 1 (28 d) two male and two
female birds per pen, +50 g of the mean pen weight foreach
sex, and at close of Experiment 2 (42 d), one male bird with
the closest mean to the mean pen weight for males were
killed for blood and abdominal fat collection. Abdominal
fat (in Experiment 1) was manually collected and recorded
as the summation of fat deposited around proventriculus
and gizzard plus fat pad for each bird. Serum low-density
lipoprotein (LDL), High-density lipoprotein (HDL), total
cholesterol (TC), and triglyceride (TG) concentrations were
estimated in both experiments using SEPPIM Diagnostic
Kits (SEPPIM S.A.S., Zone Industrielle, 61500, SEES, France)
in two replicates/sex per pen, at 25°C. The concentration
of estradiol and testosterone in serum were measured by
a solid-phase RIA in Experiment 2 using reagents provided
by IMMUNOTECH kits (IMMUNOTECH SAS, 130 av. De
Lattre de Tassugny — B.P. 177 - 13276 Marseille Cedex 9
France) in 6 male birds per treatment.

Statistical Analysis

The collected data were analyzed using PROC MIXED
of SAS 9.3 26, The LSD test was used for multiple treatment
comparisons using the LSMEANS statement of SAS 9.1 29
with letter grouping obtained using the SAS pdmix800
macro 1. For all variables in Experiment 2, the effect of
birds’live weight before slaughter, as a continuous random
variable, was also included in the statistical model. For
the different statistical tests, significance was declared at
P<0.05. Linear and quadratic contrasts were used for the
effects of SEO levels on the studied variables.

RESULTS

Experiment 1

Data for Experiment 1 are presented in Tables 3 and 4,
and Fig. 1 and Fig. 2. Administration of SEO through



206
Hypolipidemic Effects of Satureja ...

drinking water had no significant effect on serum TG,
LDL, HDL and total cholesterol (TC) levels of the birds at
day 28 of age (P>0.05). However, the concentrations of TC
and HDL (pooled data over sexes) were reduced by 1.41
and 8.50%, respectively, in the birds received 0.5 g/L SEO
compared to control- birds (Table 3). In sexwise analysis of
data, male and female serum LDL, HDL and TC levels, but
not triglycerides, were affected by SEO-treated water in
dissimilar ways (Table 4). As shown in Fig. 1, accumulation
of fat in abdominal cavity of the birds was reduced by
SEO-added water (P=0.0262). Supplementation of 0.5 g/L
SEO caused approximately 16% decrease in abdominal
fat-to-body weight ratio (AFP) at 28 d. Addition of SEO in
drinking water at doses >0.5 g/L exhibited adverse effect
of AFP (Fig. 1). The serum TC and HDL level was significantly
influenced by the sex of the birds. The male broilers were

Table 3. Effect of high doses of Satureja khuzistanica essential oil
(SEO) in drinking water on serum concentration of triglycerides (TG),
total cholesterol (TC), low density lipoproteins (LDL) and high density
lipoproteins (HDL) in broiler chicks at day 28 of age (Experiment 1)

Tablo 3. icme suyu icerisinde yiiksek doz Satureja khuzistanica esansiyel
yag (SEQ) uygulamasinin 28. giinde Broyler tavuklarin trigliserid (TG), total
kolesterol (TC), diistik yogunluklu lipoproteinler (LDL) ve yiiksek yogunluklu
lipoproteinler (HDL) serum konsantrasyonlarina olan etkileri (Deney 1)

TG TC LDL HDL
Factor\Level
mg/ 100 ml
SEO (g/L)
Control+' 35.50 150.16% 62.25 75.58°
0.0 36.83 157.26* 66.83 74912
0.5 40.17 122.75 52.08 60.92°
1.0 37.08 125.51° 56.50 65.25%
1.5 38.16 132.59%® 55.83 71.50%
2.0 40.50 128.83* 56.67 66.25%
25 37.33 129.41% 57.58 65.25%
Sex
Male 38.77 135.46 57.39 68.97
Female 37.11 136.35 52.32 68.10
SEM? 1.087 2.546 1.300 1.321
P>F
ANOVA results
SEO 0.8859 0.0094 0.1463 0.0270
Sex 0.4765 0.8464 0.1135 0.7257
SEO X Sex 0.2480 0.0511 0.0115 0.0344
Trends?
Linear 0.8721 0.0923 0.1291 0.1007
Quadratic 0.5710 0.0946 0.0874 0.0426
! Control+; The birds received drinking water supplemented with 3.0
g/L polysorbate-80 throughout the experiment, and Control-; The birds
received drinking water with no additive
2 Standard error for overall mean
*Trend analysis was done for SEO levels
ab Means within a column for each factor without a common superscript
differ significantly (P<0.05)

Table 4. Effect of high doses of Satureja khuzistanica essential oil (SEO;
g/L) in drinking water on serum concentration of triglycerides (TG), total
cholesterol (TC), low density lipoproteins (LDL) and high density
lipoproteins (HDL) in male and female broiler chicks at day 28 of age
(Experiment 1)

Tablo 4. icme suyu icerisinde yiiksek doz Satureja khuzistanica esansiyel
yag (SEO; g/L) uygulamasinin 28. giinde disi ve erkek Broyler tavuklarin
trigliserid (TG), total kolesterol (TC), dtisiik yogunluklu lipoproteinler (LDL)
ve yliksek yogunluklu lipoproteinler (HDL) serum konsantrasyonlarina
olan etkileri (Deney 1)

TG TC LDL HDL
Factor\Level
mg/ 100 ml
Males
Control+' 37.37 141.25 55.62 71.62
0.0 41.00 131.33 56.00 68.67
0.5 42.50 130.33 53.17 62.83
1.0 38.67 140.50 60.17 72.67
1.5 40.33 156.83 70.50 78.50
2.0 41.25 126.62 55.62 65.25
2.5 50.33 123.33 51.17 62.83
SEM? 2.606 3.944 1.940 1.881
P>F 0.8893 0.3009 0.1597 0.2223
Trends
Linear 0.0985 0.3491 0.3251 0.2008
Quadratic 0.1529 0.1528 0.1280 0.1134
Females
Control+' 31.75 125.50 53.00 61.00
0.0 35.44 122.22 45.22 63.67
0.5 37.83 115.17 51.00 59.00
1.0 35.50 118.83 52.83 57.83
1.5 36.00 125.00 51.17 64.50
2.0 39.00 138.25 58.75 68.25
25 4417 137.17 62.33 67.67
SEM? 1.492 2.637 1.823 1.422
P>F 0.5365 0.1874 0.1598 0.3944
Trends
Linear 0.5201 0.4612 0.2381 0.3011
Quadratic 0.0970 0.1036 0.0872 0.1905

! Control+; The birds received drinking water supplemented with 3.0 g/L
polysorbate-80 throughout the experiment

2 Standard error for overall mean

ab Means within a column for each factor without a common superscript
differ significantly (P<0.05)

found to have 8.55 and 9.01 percent lower TC and HDL,
respectively, in serum. No parameter of consideration was
affected by sex x SEQ interaction in the Experiment 1 (Table 3).

Experiment 2

Incorporation of low doses of SEO (ranging from 0.2
to 0.5 g/L) in drinking water did not affect plasma TG,
LDL, HDL and TC levels of the birds at the day 42 of age
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(P>0.05; Table 5). The concentrations of TC, LDL, and HDL,
nevertheless, were modulated by approximately 8, 9 and
5%, respectively, by SEO-treated water at 0.3 g/L compared
to the control- birds (Table 5). In contrast to the Experiment
1, live body weight of the birds before slaughter showed
significant effects on serum LDL and TC levels.

24

P<0.0167

Abdominal fat (%)

cont+ 0 05 1 15 02 25
SEO (g/ L)

P<0.001

1.2

0.8

0.6

0.4

Serum testosteron (nm/ml)

0.2

+0 -0 0.2 0.3 0.4 0.5

SEO(g/L)

Fig 1. Effect of high doses of Satureja khuzistanica essential oil (SEO)
in drinking water on abdominal fat (%) in broiler chicks at 28 days of
age (Experiment 1). Means without a common superscript (**) differ
significantly (P<0.017)

Sekil 1. icme suyu icerisinde yiiksek doz Satureja khuzistanica esansiyel
yag (SEO) uygulamasinin 28. glinde Broyler tavuklarin abdominal yagi
(%) tzerine etkileri (Deney 1). Ayni Ustsimgeye (*®) sahip olmayan
gruplar anlamli oranda birbirlerinden farklidir (P<0.017)

Fig 3. Effect of low doses of Satureja khuzistanica essential oil (SEO) in
drinking water on serum testosterone level in male broiler chicken at 42
days of age (Experiment 2). Means without a common superscript (**)
differ significantly (P<0.001)

Sekil 3. icme suyu icerisinde diisiik doz Satureja khuzistanica esansiyel
yag (SEO) uygulamasinin 42. giinde erkek broyler tavuklarin serum
testosteron seviyeleri tizerine etkileri (Deney 2). Ayni Ustsimgeye (*<)
sahip olmayan gruplar anlamli oranda birbirlerinden farklidir (P<0.001)

Table 5. Effect of low doses of Satureja khuzistanica essential oil
(SEO) in drinking water on serum concentration of triglycerides (TG),
total cholesterol (TC), low density lipoproteins (LDL) and high density
lipoproteins (HDL) in male broiler chicks at day 42 of age (Experiment 2)

Tablo 5. icme suyu icerisinde dlisiik doz Satureja khuzistanica esansiyel
yag (SEO) uygulamasinin 42. giinde erkek broyler tavuklarin trigliserid
(TG), total kolesterol (TC), diistik yogunluklu lipoproteinler (LDL) ve yiiksek
yogunluklu lipoproteinler (HDL) serum konsantrasyonlarina olan etkileri
(Deney 2)

TG TC LDL HDL
16 Factor\Level
g/ 100 mi
14 4 P<0.001
— SEO (g/L)
-E 12 4 Control+' 80.66 147.33 70.17% 74.00%
1 10 - 0.0 84.50 155.01°2 74.50° 78.33°
= 0.2 83.50 134.33b¢ 63.832¢ 71,1775
- 8 4
E 0.3 76.83 132.33%¢ 56.50¢ 66.835¢
E & 4 0.4 81.83 152.83¢ 58,675 66.17"
= 4 4 0.5 80.50 122.67¢ 53.83¢ 61.17¢
&
w SEM? 0.412 2.833 1.692 1.974
2 E
P>F
0 - ANOVA Result
- B E A X
onte . ot - " e SEO ‘ 0.9886 ‘ 0.0004 0.0064 0.0445
SEO (g/ L) Trends

Fig 2. Effect of low doses of Satureja khuzistanica essential oil (SEO) in Linear 0.3461 0.3471 0.0016 0.0876
drinking water on serum estradiol level in male broiler chicken at day 42 -
of age (Experiment 2). Means without a common superscript (=) differ Quadratic 0.1023 0.0120 0.2468 0.0432

significantly (P<0.001)

Sekil 2. icme suyu icerisinde diisiik doz Satureja khuzistanica esansiyel
yag (SEO) uygulamasinin 42. glinde erkek Broyler tavuklarin serum
ostradiyol seviyeleri Uzerine etkileri (Deney 2). Ayni Ustsimgeye (%)
sahip olmayan gruplar anlamli oranda birbirlerinden farkldir (P<0.001)

! Control+; The birds received drinking water supplemented with 0.5 g/L
polysorbate-80 throughout the experiment

2 Standard error for overall mean

@b Means within a column for each factor without a common superscript
differ significantly (P<0.05)
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Significant differences were found among treatments
in mean serum estradiol and testosterone levels.
Administration of SEO into drinking water at 0.3, 0.4 and
0.5 g/L significantly reduced the serum estradiol to 52,
50 and 48 percent, respectively, in comparison with
the control- birds (Fig. 2). The mean serum testosterone
significantly elevated in the birds received 0.2, 0.3, 0.4
and 0.5 g/L SEO by about 2, 4, 4 and 5 folds, respectively,
compared to the control- birds (Fig. 3).

DISCUSSION

The results of analysis of variance in the Experiments
1 and 2 (Table 3, 4 and 5) indicated that the administrated
doses of SEO had no effect on plasma lipid constituents.
However, the serum cholesterol and HDL levels were
the lowest for the birds receiving 0.5 g/L SEO (Table 3).
These observations were coincided with the significantly
reduced abdominal fat at 0.5 g/L SEO in Fig. 1, indicating
the potential of SEO as a hypolipidemic water additive.
Thus, from the results in Table 3 and Fig. 3, it appears that
the “optimum inclusion level” for SEO in water for broilers
is between 0.3 to 0.5 g/L water.

Although there was no alteration in plasma lipids,
the pronounced decrease in abdominal fat of the birds
received 0.5 g/L SEO in Experiment 1 (Fig. 1), indicates
that SEO may affect lipid metabolism in broiler chicken.
In broiler, lipids and especially triglycerides are mainly
stored in adipocytes of the abdominal fat. It has been
shown that de novo lipogenesis, i.e., synthesis of fatty
acids, is very limited in abdominal fat 2, Thus, triglyceride
storage in abdominal fat compartments depends on the
availability of a plasma lipid substrates originating from
either the diet or lipogenesis in the liver 3%, We suggest
the significant decrease (15%) in the abdominal fat of the
0.5 g/L SEO- treated birds was a response to decreased
plasma LDL and HDL. Carvacrol as the main component of
SEO, seems to affect LDL and/or HDL metabolism in extra
hepatic metabolic routes 5", These results are compliant
with other reports which shown that dietary carvacrol
significantly affect fat metabolism in chicken 32, |t has
been revealed that oregano extract, which it is also rich in
carvacrol, exhibit significant hypocholesterolemic effects
in chicken "9, From the results of the second experiment,
remarkable decrease (Table 5) in plasma cholesterol, LDL,
and HDL by 8, 9 and 5%, respectively, with 0.3 g/L SEO
were concur with opposite alteration in plasma estradiol
and testosterone levels (Fig. 2 and Fig. 3). These results
are in consistent with the finding of Haeri et al.®3 who
reported that oral administration of 150 and 225 mg/
kg per day Satureja khuzistanica essential oils through
drinking water significantly increased plasma testosterone
concentration in male rats. In the study of caponization
and testosterone effects on blood lipid in male chicken
it has been demonstrated that testosterone decreases
lipid storage capacity and inhibit lipid accumulation in

male chicks B4, These results are interesting since the
current knowledge proposed that the inhibitory action of
essential oils on lipid metabolism regulatory enzymes is
independent of the diurnal cycle of many hormones such
as insulin, glucocortocoids, T3 and glucagons B,

The modulated serum LDL and cholesterol in the first
experiment could be attributed to the elevated serum
testosterone level in the birds received 0.3 g/L SEO-added
water. The results from sex-disconnect analysis of data
in Experiment 1 also supported the above conclusion
where an apparent dose-dependent response in serum
LDL, HDL and TC levels were exhibited in male chicks, but
not in females (Table 4). Chen et al.*¥ in conformity with
the idea confirmed by Whitehead et al.k® reported that
testosterone implantation in capons decreased the serum
LDL and cholesterol level while triglycerides remained
unaffected. Considering all variables in Experiments 1
and 2, it is barely credible to attribute the differences
between the treated and control- birds as regards blood
fat constituents to random variability. Therefore, two
reasons could be pointed out to propose the possibility
of hypolipidemic properties for SEO in broiler chicken
under the circumstances which the current experiments
were conducted. 1) The decreased abdominal fatin 0.5 g/L
SEO-treated birds could be caused by modulated serum
cholesterol, LDL, and HDL in trial 1. 2) The decreased
levels of the same blood lipid constituents in 0.3 g/L
SEO-treated birds could be associated with elevated serum
testosterone, as an anabolic hormone, in trial 2.

Results propose the possibility of testosterone-
linked hypolipidemic properties for carvacrol as well as
carvacrol-reached plant extracts in broiler chicken under
the circumstances which the current experiments were
conducted.
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Abstract

In this experiment, sodium bentonite (SB) (0.5% and 1%) and mannan oligosaccharide (MOS, 0.1%) were fed to laying hens each
receiving approximately 120 ppb total aflatoxin (AF), and were compared to AF contaminated negative control (NC) and control
without AF (C) groups. A total of 180 hens at 26 weeks of age from Barred Rock were tested for 12 weeks. No significant differences in
liveability, feed intake, feed conversion ratio, egg quality characteristics except for egg yolk redness (a*) and blood parameters were
observed among the groups. When compared NC with C, egg weight, egg mass and body weight gain were decreased. The addition
of 0.5% SB (SB-1) increased egg production and egg mass compared to NC and MOS. The addition of 1% SB (SB-2) increased egg mass
compared to NC. The AF contaminated diet (NC) caused a significant decrease in a* compared to C. Aflatoxin was not detected in eggs
obtained from any of the treatments. Faeces pH was higher in NC than in C, SB-1 and SB-2 and similar to that of MOS. The proportion
of dry matter of the faeces in C was higher than that of NC. As a result, SB appears to be more effective than MOS as a toxin-binding
agent in counteracting the adverse effects of AF in laying hens.

Keywords: Aflatoxin, Bentonite, Laying hen, Mannan oligosaccharide, Performance and egg quality,
Blood and digestion parameters

Aflatoksin iceren Yumurta Tavugu Yemlerine Sodyum Bentonit ve
Mannan Oligosakkarit ilavesinin Performans, Yumurta Kalitesi,
Kan ve Sindirim Ozelliklerine Etkileri

Ozet

Bu arastirmada, yaklasik 120 ppb toplam aflatoksin (AF) iceren yumurta tavugu yemlerine sodyum bentonit (SB) (%0.5 ve %1) ve
mannan oligosakkarit (MOS, %0.1) ilavesi yapilmis, bu gruplar AF bulasik negatif kontrol (NC) ve AF icermeyen kontrol (C) gruplari
ile karsilastinlmistir. Barred Rock hattindan 26 haftalik yash toplam 180 adet tavuk 12 hafta siiresince denenmistir. Gruplar arasinda
yasama giicli, yem tiiketimi, yem degerlendirme orani, yumurta sarisi kirmizilik degeri (a*) haricindeki yumurta kalite kriterleri ve
kan parametreleri bakimindan 6énemli farkhliklar gézlenmemistir. Yumurta agirhgi, yumurta kutlesi ve canl agirhk kazanci NC de, C
ile karsilastinldiginda azalmistir. ilave edilen %0.5 SB (SB-1) yumurta verimi ve kiitlesini NC ve MOS gruplarina gére artirmistir. ilave
edilen %1 SB (SB-2) yumurta kiitlesini NC grubuna gore artirmistir. Aflatoksin bulasik yem (NC) C ile karsilastirildiginda a* degerinde
onemli bir azalmaya sebep olmustur. Hicbir grubun yumurtasinda aflatoksin tespit edilmemistir. Diski pH't NC grubunda, C, SB-1 ve
SB-2 gruplarindan daha yiiksek ve MOS grubu ile benzerdir. Diski kuru madde orani C grubunda, NC grubundan daha ytksektir. Sonug
olarak, bir toksin baglayici ajan olarak SB yumurta tavuklarinda AF'nin zararh etkilerini 5nlemede MOS'dan daha etkili gérinmektedir.

Anahtar sozciikler: Aflatoksin, Bentonit, Yumurta tavugu, Mannan oligosakkarit, Performans ve yumurta kalitesi,
Kan ve sindirim parametreleri
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INTRODUCTION

The occurrence of mycotoxins in foods and feeds
is a problem of major concern all over the world. It has
been estimated that 25% of the world’s crop production
is contaminated with mycotoxins. The process of pre or
post-harvest, storage and the steps of feed production
are all potential sources of microbial contamination 3.,
Acute mycotoxicosis outbreaks are rare events in modern
poultry production; however, low mycotoxin doses which
very often are not detected are responsible for reduced
efficiency of production and increased susceptibility to
infectious disease 2. Aflatoxins (AF), a group of closely
related and biologically active mycotoxins, are produced
by strains of Aspergillus flavus and Aspergillus parasiticus ©.
Aflatoxicosis in poultry also cause listlessness, hepato-
toxicosis, haemorrhage, anorexia with lowered growth
rate, poor feed utilization and decreased egg production
and fertility ),

Practical and cost-effective methods for detoxifying AF
contaminated feed and feedstuffs are in high demand. In
recent years, in particular, effective results were seen with
the adding of organic and inorganic additives to feeds
containing toxins. Detoxifying agents bind aflatoxins from
the digestive-tract and thus reduce their absorption into
the organism ©. One of the inorganic materials used for
such purpose is the natural bentonite. Bentonite is an
aluminosilicate compound, used as adsorbent, and can
be added to poultry feed without harmful effects to the
animals "% In vitro and in vivo studies have indicated
that natural sodium bentonite (SB) has a strong ability
to absorb AF "2, Previous works have shown that the
adverse effects of AF on broiler performance can be
minimized by supplementing their feed rations with the
various levels of SB (0.3 to 1.5%) ©'3', Incorporation of
SB (0.25 to 0.5%) reduces the incidence and severity of
the hepatic histopathology changes associated with
aflatoxicosis in broilers "', Mannan oligosaccharides
(MOS) used as organic additives, which are derived from
the cell wall of yeast (Saccharomyces cerevisiae), also have
considerably high AF binding capability "¢, Studies using
MOS (0.1%) in broiler ¥ and laying hens 5'? indicate that

Table 1. Experimental design and aflatoxin composition of diets

MOS partially or completely reversed the effects of AF on
performance and blood biochemistry.

Reports on the effects of MOS and SB as AF binder
on the performance, egg quality, blood and digestion
characteristics in laying hens are lacking. The studies so far
have focused on broilers. Therefore the present study was
designed to observe the possible adverse effects of AF on
laying hens, and to evaluate the possible beneficial effects
of dietary SB and MOS as a toxin-binder.

MATERIAL and METHODS

Experimental Design and Diets

Sodium bentonite (SB) (0.5% and 1%) and mannan
oligosaccharide (MOS, 0.1%) were supplemented to the
feed of laying hens receiving approximately 120 ppb
total aflatoxin (AF), and were compared to control (C)
and negative control (NC) groups (Table 1). Prior to the
experiment, hens were given commercial layers’ diet for
one week. During this period, egg production and egg
weight was monitored and hens of similar body weight and
egg production were selected. A total of 180 Barred Rock
laying hens were randomly distributed to the individual
cages (25 x 47 x 55 cm) in the form of 5 groups having 6
replicates each (6 hens in each replicate). The experiment
began at 26 weeks of hen age and continued for 12 weeks.
Feed and water was supplied to the hens ad libitum. The
environment of the hen house was fully controlled with a
14 h light period. Yellow corn contaminated with AF was
obtained from a private company (Adana, Turkey) and
mixed to the trial diets in a proportion of 60% in order
to increase the amount of AF. Diets were analysed % for
AFB, and total AF (B,+B,+G,+G,) composition (Table 1).
Sodium bentonite with Turkey origin was obtained from
Ganbensan A.S. (Ankara, Turkey). The composition of the
fine-grained powder was nearly 61.3% SiO,, 17.8% ALO,,
3.0% Fe,0,, 2.7% Na,O, 2.1% MgO, 1.3% K,0 and 4.5%
Ca0.The loss of ignition at 1050°C was 8%. Specific gravity
was 2.5 g/cm?, humidity was 8%, and the swelling index
was 18-25. Mannan oligosaccharide (Bio-Mos; Alltech
Inc, Nicholasville, Kentucky) is a product derived from

Tablo 1. Deneme deseni ve karma yemlerin aflatoksin icerikleri

Experimental Sodium Bentonite : Mannal} Aflatoxin B, (ppb) Total Aflatoxin
Groups (%) Oligosaccharide (%) (B,+B,+G,+G,) (ppb)
C 0 0 2.0 2.0
NC 0 0 107.3 121.9
SB-1 0.5 0 106.2 118.9
SB-2 1 0 106.1 120.6
MOS 0 0.1 103.3 1223
C: Control, without aflatoxin; NC: Negative control, aflatoxin contaminated diet; SB-1: Contaminated diet plus 0.5% sodium bentonite;
SB-2: Contaminated diet plus 1% sodium bentonite; MOS: Contaminated diet plus 0.1% mannan oligosaccharide
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the outer cell wall of a selected strain of Saccharomyces
cerevisiae yeast.

The experimental diets were formulated according
to NRC requirements 2" (Table 2). Feeds were prepared
as mash using a cracker-mixer machine with 300 kg/h
capacity. Crude nutrient, starch, and sugar analyses of
feed ingredients were performed according to AOAC 22
procedures and their metabolisable energy were calculated
using the equations of Janssen 23, The resulting values
were used in the calculation of diet composition and
chemical components.

Production and Egg Quality Parameters

Hen body weight was measured individually at the

beginning and at the end of the experiment, and was used
in the calculation of body weight gain. Egg production,
broken-cracked eggs and hen deaths were recorded
daily. Feed intake and egg weight were determined every
2 weeks. Egg mass was calculated from laying rate and egg
weight[egg production (hen-day, %) x egg weight (g)/100],
and feed conversion ratio was determined from feed
intake and egg mass [feed intake (g/hen/day)/egg mass
(g/hen/day)]. Twenty four randomly selected eggs from
each group were collected every 4 weeks, and egg quality
characteristics were determined 24 h after collection of
the eggs. Eggshell thickness was measured after peeling
off the membrane under the shell with Mitutoyo digital
micrometer (digital 395 series with 0.001 mm sensitivity,
Kawasaki, Japan) on three points at the equatorial region

Table 2. Compositions of the experimental diets
Tablo 2. Deneme yemlerinin kompozisyonu

Experimental Diets (%)

Feed Ingredients

C NC SB-1 SB-2 MOS
Yellow corn 60 60 60 60 60
Wheat 2.64 2.64 1.34 0.84 234
Soybean meal (42% CP) 19.8 19.8 19.3 184 19.7
Full fat soya (32% CP) 5.7 5.7 7.0 7.9 6.0
Vegetable oil 0.5 0.5 0.5 0.5 0.5
Ground limestone 8.6 8.6 8.6 8.6 8.6
Di calcium phosphate 1.7 1.7 1.7 1.7 1.7
Salt (NaCl) 0.35 0.35 0.35 0.35 0.35
DL-Methionine 0.26 0.26 0.26 0.26 0.26
Vitamin-mineral premix’ 0.2 0.2 0.2 0.2 0.2
Antioxidant 0.05 0.05 0.05 0.05 0.05
Salmonella inhibitor 0.2 0.2 0.2 0.2 0.2
Sodium bentonite 0 0 0.5 1.0 0
Mannan oligosaccharide 0 0 0 0 0.1
Nutrient Content
Crude protein (%) 16.56 16.52 16.49 16.45 16.53
Metabolizable energy (kcal/kg) 2780 2773 2770 2770 2774
Dry matter (%) 88.41 88.40 88.45 88.50 88.42
Crude ash (%) 12.46 12.46 12.49 12.51 12.46
Ether extract (%) 3.58 3.58 3.79 3.96 3.62
Calcium (%)? 3.70 3.70 3.70 3.70 3.70
Available phosphorus (%)* 0.40 0.40 0.40 0.40 0.40
Methionine (%)? 0.50 0.50 0.50 0.50 0.50
Methionine+cystine (%)? 0.78 0.78 0.78 0.78 0.78
Lysine (%)* 0.85 0.83 0.83 0.83 0.83
! Vitamin-mineral premix provided per kilogram of diet; vitamin A, 15.000 IU; vitamin D;, 5.000 IU; vitamin E, 50 mg; vitamin K5, 10 mg; thiamine, 4 mg;
riboflavin, 8 mg; pyridoxine, 5 mg; vitamin B;,, 0.025 mg; niacin, 50 mg; Ca-pantothenate, 20 mg; folic acid, 2 mg; biotin, 0.25 mg; ascorbic acid, 75 mg;
choline, 175 mg; Mg, 35 mg; Mn, 56 mg; Zn, 140 mg; Fe, 56 mg; Cu, 10.5 mg; I, 1 mg; Co, 0.28 mg; Se, 0.28 mg; Mo, 0.7 mg
2 Calculated values from NRC 2! tables
C: Control, without aflatoxin; NC: Negative control, aflatoxin contaminated diet; SB-1: Contaminated diet plus 0.5% sodium bentonite; SB-2: Contaminated
diet plus 1% sodium bentonite; MOS: Contaminated diet plus 0.1% mannan oligosaccharide; CP: Crude protein
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of the egg, and expressed as an average value. Eggshell
breaking strength and haugh unit were measured by using
Futura 3/A egg quality measuring system (Futura, Lohne,
Germany). Redness (a*) and yellowness (b*) of egg yolk
was determined by CR-10 Konica Minolta Color Reader
(Osaka, Japan).

Collection and Analysis of Samples

Blood samples of 10 hens from each group were taken
individually from brachial vein using injector at the end of
the experiment. Serum was isolated by centrifuging the
blood at 4500 x g for 10 min. Serum samples were analyzed
for total protein, albumin, bilirubin, total cholesterol,
calcium, phosphorus, aspartate amino transferase (AST)
and alanine amino transferase (ALT) using Roche Cobas
Integraoriginal kits by a Roche Cobas Integra 800 automatic
analyzer (Roche, Switzerland) 4, The methodology and
reagents were those recommended by the manufacturer
of the system 2%, In addition, 6 randomly selected eggs
from each group were analyzed for AFB, and total AF
(B,+B,+G,+G,) by Agilent 1100 HPLC system 2%, At the end
of the experiment, faeces pH and dry matter content of 6
hens from each group was measured. Faeces were collected
in plates, which were placed under the cages for 24 h. Feed
and feathers were carefully removed from fecal samples.
Dry matter was determined according to AOAC ©2, pH
was measured by a digital pH meter (Hanna pH 211, Italy)
calibrated at 22°C. Absorption rate of AFB, and total AF
were determined, by mixing chromium oxide in 0.3%
ratio to the feed of six hens from each treatment, and
for 3 days. Faeces from the last 2 days were collected
and analyzed for chromium oxide and AF content %,
Digestibility of AF was calculated on the basis of the
equation by Maynard and Loosli ?: Nutrient digestibility
(%) = (Indicator in feed/Indicator in faeces) x (Nutrient in
faeces/Nutrient in feed). The animal care protocol used
in this study was reviewed and approved by the Ethics
Committee of the Poultry Research Station, Ankara, Turkey
(22.01.09-2009/06).

Statistical Analysis

The results of all experiments were analysed using the
analysis of variance procedures of the statistical program
MINITAB Release 14 and the means were compared for
differences using Duncan’s multiple range test " at P<0.05.

RESULTS

The effects of SB and MOS supplementation on the
performance of laying hens fed an AF contaminated diet
are shown in Table 3. No difference in liveability, feed
intake and feed conversion ratio were observed among
the experimental groups (P>0.05). The AF contaminated
diet (NC) caused significant decreases in egg weight, egg
mass and body weight gain compared to the control (C)
(P<0.05). The addition of 0.5% bentonite (SB-1) resulted in
increased egg production (7.6% and 6.3%) and egg mass
(10.9% and 7.7%) compared to NC and MOS (P<0.05).
However, the addition of 1.0% bentonite (SB-2) increased
egg mass (7.3%) compared to NC (P<0.05).

Egg quality characteristics are presented in Table 4.
There were no significant differences in broken-cracked
egg rate, eggshell breaking strength, eggshell thickness,
haugh unit and egg yolk yellowness (b*) observed among
groups (P>0.05). NC caused a significant decrease in egg
yolkredness (a*) compared to C(P<0.05).The eggs collected
on the last day of the experiment, when subjected to HPLC
analysis, indicated no detectable levels of AFB, or total AF
residues in any of the treatments.

No significant differences were observed in serum
total protein, albumin, bilirubin, total cholesterol, calcium,
phosphorus, AST and ALT levels (P>0.05) (Table 5). The
measured digestion parameters are given in Table 6.
Faeces pH of NC was higher than those of C, SB-1 and
SB-2 (P<0.05) and similar to that of MOS (P>0.05). The
proportion of dry matter in the faeces of C was higher than
that of NC (P<0.05).

Table 3. Effects of dietary sodium bentonite and mannan oligosaccharide supplementation on performance traits of laying hens fed aflatoxin contaminated diet

Tablo 3. Aflatoksin iceren yumurta tavugu yemlerine sodyum bentonit ve mannan oligosakkarit ilavesinin performans 6l¢iitleri tizerine etkileri

Treatment Liveability | Egg Production | Egg Weight Egg Mass Feed Intake | Feed Conversion Ratio | Body Weight Gain
(%) (%/hen/day) (g/egg) (g/hen/day) (g/hen/day) (g feed/g egg) (g/hen)
C 94.4 B50ES 61.9° 5272 119.6 2.27 134.4°
NC 94.4 80.2° 59.4° 47.7 113.8 2.39 46.7°
SB-1 94.4 86.3° 61.2% 52.9° 118.6 2.24 115.6 %
SB-2 100 83.7% 61.2% 51.2% 116.1 2.27 116.3 %
MOS 94.4 81.2° 60.5 * 49.1 be 113.8 232 53.3°
SEM 5.56 1.22 0.48 0.72 24 0.05 19.4
P 0.903 0.039 0.006 0.003 0.433 0.417 0.006

ab< Means within columns with no common superscripts are significantly different (P<0.05); C: Control, without aflatoxin; NC: Negative control, aflatoxin
contaminated diet; SB-1: Contaminated diet plus 0.5% sodium bentonite; SB-2: Contaminated diet plus 1% sodium bentonite; MOS: Contaminated diet

plus 0.1% mannan oligosaccharide; SEM: Standard error of means
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Table 4. Effects of dietary sodium bentonite and mannan oligosaccharide supplementation on egg quality characteristics of laying hens fed aflatoxin
contaminated diet

Tablo 4. Aflatoksin iceren yumurta tavugu yemlerine sodyum bentonit ve mannan oligosakkarit ilavesinin yumurta kalite 6zelliklerine etkileri

Treatment Brok:gng-c(;:)cked Eggshell ?Nr::vl::i:ng) Strength Eggs?lt:)l!szhi:I;ness Haugh Unit ReEdgnge::I(I;*) Ye“igvgn:zlsk(b*)
C 0.91 38.0 322 75.0 5.91° 13.96
NC 1.38 375 317 74.6 5.54° 13.94
SB-1 0.85 38.0 31.9 76.8 5.71%® 13.67
SB-2 1.14 37.8 32.2 76.8 5.68 *® 13.70
MOS 1.35 37.6 31.7 75.1 50 13.28
SEM 0.39 0.95 0.31 1.13 0.07 0.18
P 0.862 0.996 0.634 0.518 0.006 0.069
@b Means within columns with no common superscripts are significantly different (P<0.05); C: Control, without aflatoxin; NC: Negative control, aflatoxin
contaminated diet; SB-1: Contaminated diet plus 0.5% sodium bentonite; SB-2: Contaminated diet plus 1% sodium bentonite; MOS: Contaminated diet
plus 0.1% mannan oligosaccharide; SEM: Standard error of means

Table 5. Effects of dietary sodium bentonite and mannan oligosaccharide supplementation on some blood parameters of laying hens fed aflatoxin
contaminated diet

Tablo 5. Aflatoksin iceren yumurta tavugu yemlerine sodyum bentonit ve mannan oligosakkarit ilavesinin bazi kan parametrelerine etkileri

Treatment Total Protein Albumin Bilirubin AST ALT Total Cholesterol Calcium Phosphorus
(g/dL) (g/dL) (mg/dL) (U/L) (U/L) (mg/dL) (mg/dL) (mg/dL)
@ 5.50 2.25 0.02 163 1.67 194 36.1 6.60
NC 5.70 2.23 0.03 164 1.50 164 33.0 6.60
SB-1 5.80 2.29 0.02 159 1.67 162 34.8 6.60
SB-2 5.80 2.25 0.02 161 1.70 167 354 7.30
MOS 5.70 2.22 0.03 160 1.63 166 339 6.50
SEM 0.18 0.05 0.006 6.98 0.19 18.12 1.84 0.38
P 0.674 0.889 0.511 0.978 0.952 0.696 0.792 0.572
C: Control, without aflatoxin; NC: Negative control, aflatoxin contaminated diet; SB-1: Contaminated diet plus 0.5% sodium bentonite; SB-2: Contaminated
diet plus 1% sodium bentonite; MOS: Contaminated diet plus 0.1% mannan oligosaccharide; SEM: Standard error of means; AST: Aspartate amino
transferase; ALT: Alanine amino transferase

Table 6. Effects of dietary sodium bentonite and mannan oligosaccharide supplementation on some digestion parameters of laying hens fed aflatoxin
contaminated diet

Tablo 6. Aflatoksin iceren yumurta tavugu yemlerine sodyum bentonit ve mannan oligosakkarit ilavesinin bazi sindirim parametrelerine etkileri

Treatment ] Faeces Dry Matter Digestibility of Aflatoxin B, Digestibility of Total Aflatoxin * (B,+B,+G,+G,)
(%) (%) (%)
C 7450 26.0° 95.4 95.3
NC 8.56° PORZ 71.8 78.5
SB-1 7.30¢ 23.9% 66.0 64.2
SB-2 7.87° 23.2% 58.5 55.1
MOS 8.05* 22775 65.0 66.3
SEM 0.12 1.25
P 0.0001 0.047
* In the determination of the digestive rate of total AF and AFB,, samples taken from six hens were mixed for analysis without repetition, and statistical
evaluation was not carried out; “*< Means within columns with no common superscripts are significantly different (P<0.05) C: Control, without aflatoxin;
NC: Negative control, aflatoxin contaminated diet; SB-1: Contaminated diet plus 0.5% sodium bentonite; SB-2: Contaminated diet plus 1% sodium
bentonite; MOS: Contaminated diet plus 0.1% mannan oligosaccharide; SEM: Standard error of means;
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DISCUSSION

The results of present study indicate that feed
contaminated with AF (120 ppb total AF; 106 ppb AFB,)
caused adverse effects on egg weight, egg mass and
body weight gain of laying hens. However, liveability,
egg production, feed intake and feed conversion ratio
were not affected by AF contamination. Similarly, Pandey
and Chauhan ®'reported that body weight gain of laying
hens were significantly lower in the contaminated groups
with AF compared to control group. In another study, the
inclusion of dietary AFB, from 0 to 2.0 ppm resulted in
lowered egg weight and nitrogen retention 8, However,
in 2-week a short feeding study, AF contamination did
not have any detrimental effect on body weight gain 2%,
Aflatoxin appears to exert its negative effect on animal
performance chiefly by depressing the DNA and RNA
synthesis and eventually protein synthesis 239, Alj et al.'¥!
reported that the toxicity of aflatoxin was characterized
by reduction in body weight gain as aflatoxins interfere
with normal metabolic pathway through the inhibition
of protein synthesis and enzyme system that is involved
in carbohydrate metabolism and energy release. The
results of present study agree with data showing that AF
contamination did not affect the liveability, egg production
and feed intake of laying hens 519282931 However, some
researchers did report that dietary AF decreased egg
production and feed intake #3233, The different results in
the studies may be due to causes as the AF concentration,
its form, the length of trial period and poultry genotype
and age.

In the present study, dietary SB supplementation
ameliorated the effects of AF on performance of laying
hens. Previous studies reported that SB supplementation
to AF contaminated broiler diets significantly improved
their performance '3, However, there are currently no
studies on the effect of dietary SB supplementation on
laying hen performance with which to compare our results.
Our results suggest that MOS supplementation to the AF
contaminated diet had no a positive effect on performance
of laying hens, which agrees with the findings of previous
reports 533, However, in other studies, the addition of MOS
allowed significant recovery from the adverse effects of AF
on the performance of broilers '8, Detoxifying agents as
bentonite and MOS form a complex with the toxin thus
preventing the absorption of aflatoxin across the intestinal
epithelium ., Therefore, these agents may ameliorate the
negative effects of AF on performance of poultry.

The present study showed that an AF contaminated diet
did not have adverse effects on egg quality characteristics
except for egg yolk redness (a*). Similarly, previous
studies reported that different AF doses did not affect
egg quality 23 but had a negative effect on egg yolk
colour parameters . The decrease in the value of colour
parameters may be connected to AF interference with lipid

metabolism B4, carotenoid absorption, or deposition in
yolk 5%, The supplementation of SB and MOS numerically
increased a* according to NCin the present study. Similarly,
Zaghini et al.®! reported that MOS supplementation to
diets contaminated with AF did not affect eggshell rate
and eggshell thickness, but improved a*.

No AFB, or total AF residues were detected in the eggs
of any of the treatments in the present study. Similarly,
in other trials, no measurable residual AF or metabolites
were found in eggs despite the consumption of different
doses of AF (100 ppb to 2.5 ppm) 11933 Conversely,
the residues of AFB, and total AF were detected in the
eggs of hens given 500 ppb AFB, BV and the inclusion of
dietary total AF from 190 to 900 ppb B2. These contrasting
results may be ascribed to the administration of naturally
contaminated feeds or diets containing different AF with
different levels of toxicity 3.

The blood parameters of laying hens were not effect
by the experimental treatments in the present study.
Similarly, AF contaminated diet and the addition of MOS
to this diet did not affect the serum total protein, albumin,
bilirubin, total cholesterol, calcium, phosphorus, AST and
ALT levels of laying hens 131, SB supplementation (0.5-1%) to
a contaminated broiler diet in another study did not affect
serum albumin and ALT levels . However, some studies
demonstrated a decrease in serum total protein, albumin,
total cholesterol, triglyceride, calcium and phosphorus
levels, and an increase in bilirubin, ALT and AST levels of
broilers given AF contaminated diets 412173638 |n these
studies, total protein, albumin, cholesterol, enzymes as
ALT and AST are consistent indicators of the hepatocellular
damage >, AF may cause alteration of calcium and
inorganic phosphorus metabolism. It may directly alter
the renal, intestine and parathyroid regulation of calcium
and inorganic phosphorus 5. In many studies, dietary
SB and MOS supplementations resulted in significant
improvements in blood biochemical parameters adversely
affected by AF ingestion ['41>17:3637] However, Ghahri et al.>®
reported that the biochemical parameters for broilers fed
diets containing SB+AF and MOS+AF did not completely
return to normal values. But, MOS supplementation
counteracted the observed increase in liver enzymes.

Our results indicate that the AF contaminated diet
negatively affected the pH and dry matter of laying hen
faeces. Dietary SB and MOS supplementations were
partially effective in counteracting the adverse effects of
AF on these digestive parameters. Some studies reported
that the differences in the digestive parameters of hens
receiving AF may be due to the alteration in intestinal
morphology % or organic matter digestibility .

The digestibility of AFB, and total AF in C, NC, MOS, SB-1
and SB-2 were 95.4, 71.8, 65.0, 66.0, 58.5 and 95.3, 78.5,
66.3,64.2, 55.1%, respectively. A portion of the received AF
became bound by MOS or SB in the digestive tract and was
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discarded in the faeces. In vitro studies have indicated that
SB and MOS have a strong ability to absorb AF (95-98 and
80-97%, respectively) "%, However, the measurements
taken under laboratory conditions had been difficult to
reproduce in experiments with animals (in vivo) 5.

Results of this study demonstrated that approximately
120 ppb dietary AF contamination resulted in adverse
effects on some performance, egg yolk colour and
digestion parameters of laying hens. SB and MOS were
inert and non-toxic and SB appears to be more effective
than MOS in counteracting the adverse effects of AF for
layers. These findings suggest that dietary supplementation
with detoxifying agents, such as SB, may be a solution to
the problem of dietary AF contamination and toxicity in
laying hens.
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Abstract

Kantitatif bir 6zellik Gzerinde cesitli faktorlerin dogrudan etkileri yani sira, faktorler arasindaki iliskiler sonucu dolayh etkiler de
bulunabilmektedir. Dogrudan ve dolayli etkilenme sekillerinin birbirinden ayrilmasi icin séz konusu iliskilerin ayrintili bir sekilde ortaya
konmasi gerekmektedir. Bu calismada 5047 Siyah Alaca sigirnin 7 laktasyonuna ait toplam 11647 adet 305 gunlik siit verim kaydi
kullanilarak siit verimi (Y) tzerine laktasyon sirasi (X1), buzagilama yili (X2) ve laktasyon siiresinin (X3) dogrudan ve dolayh etkileri iz
analizi ile incelenmistir. 305 glnllk sit verimi ile laktasyon sirasi, buzagilama yili ve laktasyon siiresi arasindaki korelasyonlar sirasiyla
0.17,0.43, 0.54 ve istatistiksel olarak Gnemli bulunmustur (P<0.01). Laktasyon sirasi, buzagilama yili ve laktasyon siresi degiskenlerinin
305 glinlik st verimi tizerine dogrudan etkileri de sirasiyla PY1=0.12, P21=0.10, P31=0.46 ve istatistiksel olarak 6nemli saptanmistir
(P<0.01). Laktasyon sirasinin 305 glinliik stit verimine buzagilama yili Gizerinden U ve laktasyon siiresi Gizerinden S etkileri sirasiyla 0.01
ve 0.04 dizeyindedir. Buzagilama yilinin 305 giinliik stt verimine laktasyon suresi Gizerinden U ve laktasyon sirasi tizerinden S etkileri
ise sirastyla 0.31 ve 0.02 diizeyindedir. Ayrica, laktasyon siiresinin siit verimine buzagilama yil tizerinden U ve laktasyon sirasi Gizerinden
S etkilerinin sirasiyla 0.07 ve 0.01 diizeylerinde ve diisiik oldugu tespit edilmistir.

Keywords: 305 glinliik siit verimi, Regresyon analizi, iz analizi, Iz katsayisi

Determination of Factors Affecting 305-Day Milk Production via
Path Analysis on Holstein Friesians

Ozet

A quantitative trait was affected directly or indirectly by several factors due to relationships among them. It is necessary to identified
direct and indirect effects of a factor to reveal all relationships in a detailed way. In this study, total of 11647 305-day milk yield records
from the 7 parities of 5047 Holstein Friesian cows were statistically evaluated for determining direct and indirect effects of parity (X1),
year of calving (X2) and lactation length (X3) on 305-day milk production (Y) via path analysis. Correlations among 305 day milk yield,
parity, year of calving and lactation length were calculated 0.17, 0.43, 0.54 respectively and found statistically significant ((P<0.01). The
direct effects of the parity, year of calving and lactation length on 305-day milk production were found PY1=0.12, P21=0.10, P31=0.46
respectively and statistically significant (P<0.01). The indirect U effect of parity via year of calving and S effect via lactation length on
305 day milk yield were found 0.01 and 0.04, respectively. The indirect U effect of year of calving via lactation length and S effect via
parity on 305 day milk yield were found 0.31 and 0.02, respectively. Moreover, the indirect U effect of lactation length via year of calving
and S effect via parity were found 0.07 and 0.01, respectively and lower.

Anahtar sozciikler: 305-day milk production, Regression analysis, Path analysis, Path coefficient

G|R|$ gerekir. incelenen verim ile iliskili olan bir degisken, verim
Uzerine dogrudan etki yaptigi gibi, diger degiskenler

Islah calismalarinin amaci, ekonomik ézellikler bakimin- ~ Uzerinden dolayli bir etkiye de sahip olabilir. Bu durumda
dan popiilasyonun ortalama diizeyini iyilestirmektir. Bu  s6z konusu verim ile verimi etkileyen degiskenler arasin-
nedenle, ekonomik &zellikleri belirlemek ve bu 6zellikleri ~ daki iliskilerin korelasyon katsayilari ile tam olarak agikla-
etkileyen degiskenleri etki sekilleriyle birlikte tanimlamak  nabilmesi olanaksizdir ™. Bu iliskileri daha iyi aciklayabilmek
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icin iz (path) analizine ihtiya¢ duyulur 2. iz analizinde amag,
degiskenlerin dogrudan veya dolayl etkilerinin iz katsayi-
lar ile belirlenmesi ve s6z konusu katsayilarin dnemliliginin
ve blyUkliginin tahmin edilmesidir B!,

iz analizi ilk kez Dr. Sewall Wright tarafindan ortaya
konulup, Li ¥ tarafindan gelistirilmis ve bircok konuya
uygulanabilir hale getirilmistir. iz analizinin temeli, coklu
regresyon analizine dayanmaktadir 7. Coklu regresyon
analizinde, bir bagimli degisken tim bagimsiz degiskenler
Uzerinden analiz edilirken, iz analizinde bagimli degisken
her bir bagimsiz degisken Uzerinden analiz edilmekte;
baska bir ifadeyle birden fazla regresyon analizi yapilmak-
tadir. Nitekim tahminlenen standardize edilmis regresyon
katsayilar iz katsayilarina esittir ©. iz analizi, bagiml ve
bagimsiz degiskenler arasinda tek yonlu bir sebep-sonug
iliskisini ele almakta, 6lcimlerin kantitatif yapida ve
hatasiz elde edilmis oldugunu varsaymaktadir . Ayrica,
iz analizinde degiskenler arasindaki iliskiler, dogrudan,
dolayh, U ve S olmak lizere dort farkl tirde etkilesim
seklinde incelenebilmektedir. Bu analizlerde, degiskenler
arasindaki etkilesimler iz katsayilar olarak hesaplanmakta
ve bir diyagramla gosterilmektedir 1%,

Hayvan islahinda sit verimine etki eden faktorlerin
genellikle dogrudan etkileri Uzerinde durulmaktadir. Bu
amagla varyans analizi ve korelasyon katsayilarindan yarar-
laniimaktadir. Bununla birlikte fizyolojik ve cevresel
faktorlerin st verimi Uzerine dogrudan etkilerinin ya-
ninda dolayl etkilerinin de oldugu bilinmektedir 12,
Sigirlarda siit verimi Uzerine séz konusu etkilerin dize-
yini ortaya ¢ikarmak icin iz analizinden yararlanan ¢alisma-
lar (isci ve ark.'®, Tahtali ve ark. ve Orhan ve Kasik¢i ['%))
az sayidadir.

Bu calisma ile Siyah alaca st sigirlarinin 305 glinliik
sit verimi Uzerine laktasyon sirasi, buzagilama yili ve
laktasyon siiresinin dogrudan ve dolayl etkilerinin iz
analizi kullanilarak incelenmesi amaclanmistir.

MATERYAL ve METOT

Arastirmada 2010-2011 yillarn arasinda yetistirilen 5047
Siyah Alaca sigirin 7 laktasyonuna ait toplam 11647 adet
305 gunlik sut verim kaydi kullaniimistir. 305 guinlik st
verimi Uizerine laktasyon sirasi, buzagilama yili ve laktasyon
stresi etkilerinin iz analizi, SPSS '®'® istatistik paket prog-
rami ile yapilmistir. Bu arastirmada 305 gunlik stt verimi
bagimli; laktasyon sirasi, buzagilama yili ve laktasyon siiresi
ise bagimsiz etkiler olarak incelemeye alinmistir. Bagiml ve
bagimsiz degiskenler arasindaki dogrudan, dolayli, U ve S
etkilerine ait iz diyagramlari asagidaki tanimlamalara goére
olusturulmugtur 9,

Dogrudan Etki

Dogrudan etki (D), bir degiskenin diger bir degiskene
yapmis oldugu dogrudan etkidir. Dogrudan etkiye ait

katsay! yani P, iki degisken arasindaki korelasyon katsayi-
sina esittir (r;, = Py).

Dolayl Etki

Sekil 1'de X, degiskeninin X; degiskeni tzerinde yapmis
oldugu dogrudan etki (Ps;) ve dolayli etkiler (P, ve Ps,)
gorilmektedir. X; ve X; degiskenleri arasindaki korelasyon
katsayisi, dogrudan (D) ve dolayli etkilerin (I) toplamina
esittir. X; degiskeninin X; degiskeni lizerine yapmis oldugu
dolayli etki (I) ise X; degiskeninin X, degiskeni lzerine
yapmis oldugu dogrudan etkiyi gosteren iz katsayisi (P,)) ile
X, degiskeninin X; lizerine yapmis oldugu dogrudan etkiyi
gosteren iz katsayisinin (Ps;) carpimina esittir (r; =D + | =
P31 + Py X P3).

U Etkisi

Sebep degiskenleri arasinda karsilikli bir etkilesim s6z
konusu oldugunda ortaya cikan etki U etkisidir. Sekil 2'de
X; ve X; degiskenleri arasindaki U etkisi gorilmektedir. Bu
etkiye gore, X; degiskeni X; degiskeni lzerinde dogrudan
etkiye sahip olup, X, degiskeni ile arasinda karsilikli
etkilesime sahiptir. Buna gore, X, degiskeninin X; degiskeni
Uzerinden yapmis oldugu dogrudan etki, bu iki degisken
arasindaki iz katsayisina esittir (D = Ps;). X; degiskeninin X,
degiskeni Gizerinden X; degiskenine yapmis oldugu U etkisi
ise X; ve X, degiskenleri arasindaki korelasyon katsayisi
ve X, degiskeninin X; degiskeni lGzerinde yapmis oldugu
dogrudan etkiyi gosteren iz katsayisinin ¢arpimina esittir
(U = 15 x P3,). Bu durumda, X; ile X; degiskenleri arasindaki
korelasyon (r;5), dogrudan (D) ve U etkisinin toplamina
esittir (r; = D + U = P3; + 113 X P3y). Ayni durum Sekil 2’deki

21 Py,

Sekil 1. Degiskenler arasindaki dogrudan ve dolayli etkileri gosteren iz
diyagrami

Fig 1. The path diagram displays direct (D) and indirect (l) effects
among variables

x2 P 32

Sekil 2. Degiskenler arasindaki U etkisini gosteren iz diyagrami

Fig 2. The path diagram displays U effect among variables
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X, degiskeni ile X; degiskeni arasindaki etkilesimde de s6z
konusudur (r;3 =D + U= Ps,+ 1y, X Py)).

S Etkisi

iki degiskeni etkileyen ortak bir sebep degiskeni
oldugunda gorilen etkiye S etkisi (S) denir '\ Sekil 3'te yer
alan X, degiskeni, X; degiskenini iki sekilde etkilemektedir.
Birincisi, X, degiskeninin X; degiskenine yapmis oldugu
dogrudan etki (Ps,), ikincisi ise X; degiskeninin, X, ve X;
degiskenlerinin her ikisini de etkileyen ortak bir sebep
degiskeni olmasindan kaynaklanan S etkisidir. Sekil 3'teki
X; degiskeninin X; degiskeni lizerindeki dogrudan etkisi,
bu degiskenler arasindaki iz katsayisina esittir (D = Ps;).
X, degiskeninin X; degiskeni Uzerindeki S etkisi ise; X,
degiskeninin X; degiskeni lizerinde yapmis oldugu dogru-

X3 P21
M
X2

Sekil 3. Degiskenler arasindaki S etkisini gosteren iz diyagrami
Fig 3. The path diagram displays S effect among variables

A
X, X, X,

Laktasyon sirasi  Buzagilama yili Laktaéyon siiresi

v
Y : e e . - . xo
305 Ganlik sat verimi Hata

Sekil 4. Degiskenler arasindaki iliskileri gosteren iz diyagrami

Fig 4. The path diagram displays relationships among variables

Tablo 1. Bagimli ve Bagimsiz degiskenler arasinda tahminlenen korelasyonlar

Table 1. Estimated correlations between dependent and independent variables

P13=r13=0.09
i —‘H"‘-..
- e
P12=r12=0.15 P23=rz3=0.67
ol Tk
X, X, X,

Laktasyon sirasi  Buzagilama yili Laktasyon siresi

Pyx1=0.12 Pyx230.10 Pyx2=0.46

r=0.17 r=0. r=0.54
Y X,
305 Gunluk sat verimi = o0

Sekil 5. Laktasyon sirasi, buzagilama yili ve laktasyon siresinin 305
glinlik sut verimi etkisine ait iz diyagrami

Fig 5. Path diagram of parity, calving year, lactation lenght effects on
305 day milk yields

dan etkiyi gosteren iz katsayisi (P3;) ile X; degiskeninin X,
degiskeni UGzerindeki dogrudan etkisini gosteren iz katsa-
yisinin (P,;) carpimina esittir (S = P, x Ps;). Bu etkilerin
toplami X, ile X; arasindaki korelasyon katsayisina esittir
(r;3=D+S=Ps;+ Py xPs).

Arastirmada incelenen laktasyon sirasi (X;), buzagi-
lama yili (X;), laktasyon siresi (X;) ile 305 glinlik
sut verimi (Y) arasindaki iligskileri gésteren iz diyagrami
Sekil 4'te verilmistir.

Sekil 5'teki iz diyagraminda gosterilen iz katsayilar
asagidaki esitliklerle hesaplanmistir ™. Burada, Py, X
bagimsiz degiskeninin Y bagiml degisken lzerinde yapmis
oldugu dogrudan etkiyi gosteren iz katsayisi; b, kismi
regresyon katsayisi; Sy, X degiskenine ait standart sapma,
Sv, Y degiskenine ait standart sapmadir.

BULGULAR

Bu calismada incelenen laktasyon sirasi, buzagilama yili,
laktasyon siresi ve 305 gunliik stt verimi degiskenlerinin
birbirleri arasindaki dogrudan ve dolayl etkilerin belirlen-

Degiskenler Laktasyon Sirasi (X) Buzagilama Yihi (Xz2) Laktasyon Siiresi (Xs) 305.Giinliik Siit Verimi (Y)
Laktasyon sirasi (X;) 1 0.15%* 0.09%* 0.17**
Buzagilama yili (X) 0.15%* 0.67*%* 0.43**

Laktasyon suresi (Xs) 0.09%** 0.67** 1 0.54**

305 gunltk st verimi (Y) 0.17** 0.43%* 0.54** 1

** Korelasyonlar 0.01 seviyesinde énemli
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Tablo 2. Laktasyon sirasi, buzagilama yili ve laktasyon stiresinin 305 glinliik siit verimi lizerine regresyon analizi

Table 2. Regression analysis of parity, calving year and lactation length effects on 305 day milk yields

Standardize Edilmemis Katsayilar Standardize Edilmis Katsayilar
Model t P
b (Standart hata) B
Sabit -11.45 (95.19) -0.12 0.90
Laktasyon sirasi 105.87 (7.1) 0.12 14.84 0.00
Buzagilama yili 0.62 (0.1) 0.10 9.56 0.00
Laktasyon stresi 14.13(0.3) 0.46 43.69 0.00

Tablo 3. Laktasyon sirasinin buzagilama yili ve laktasyon siiresi tizerine regresyon analizi

Table 3. Regression analysis of parity effect on calving year and lactation length

Laktasyon Sirasi (X)-Buzagilama Yili (Y)

Model Standardize Edilmemis Katsayilar Standardize Edilmis Katsayilar t P
b (Standart Hata) b
Sabit 1942.73 (3.29) 591.29 0.00
Laktasyon sirasi 22.83(1.36) 0.15 16.85 0.00

Laktasyon sirasi (X) - Laktasyon suresi (Y)

Sabit 262.75 (0.66) 397.51 0.00
Laktasyon sirasi 2.58(0.28) 0.09 9.45 0.00

Tablo 4. Degiskenler arasi etki degerleri

Table 4. The values of effects among variables

Etki Sekilleri Etki Degerleri Pxy Toplamdaki Payi (%)
Laktasyon sirasinin 305 giinliik siit verimine etki sekilleri
Laktasyon sirasinin dogrudan etkisi (DE) 012 70.59
DE =Py,
Laktasyon sirasinin buzagilama yil Gizerinden U etkisi (UE) 001 5388
UE =12 X Py = P21 x Pv2=0.15x 0.10 . i
Laktasyon sirasinin laktasyon siresi Gzerinden S etkisi (SE) 0.04 2353
SE =r13 X Psy = P3; x Py3=0.09 x 0.46 ar :
Laktasyon sirasi ile 305 giinliik stit verimi arasindaki toplam korelasyon 0.17 100
Buzagilama yilinin 305 giinliik siit verimine etki sekilleri
Buzagilama yilinin dogrudan etkisi (DE) 0.10 2326
DE =Py,
Buzagilama yilinin laktasyon stiresi tizerinden U etkisi (UE) 031 72.09
UE = r3 X Pv3= P32 X Pv3 =0.67 x0.46 : :
Buzagilama yilinin laktasyon sirasi Gzerinden S etkisi (SE) 0.02 465
SE=ri»xPyi =Py xPyy=0.15x0.12 4s -
Buzagilama yiliile 305 giinliik siit verimi arasindaki toplam korelasyon 0.43 100
Laktasyon siiresinin 305 giinliik siit verimine etki sekilleri
Laktasyon stiresinin dogrudan etkisi (DE) DE =Py3 0.46 85.19
Laktasyon stiresinin buzagilama yil Gzerinden U etkisi (UE) 0.07 12.96
UE = r3X Pv2=P3, x Py2=0.67 X 0.10 ’ ’
Laktasyon siresinin laktasyon sirasi Gzerinden S etkisi (SE) 0.01 185
SE =ri3XPy1 =P31xPy;y=0.09x0.12 + -
Laktasyon suresi ile 305 giinliik stit verimi arasindaki toplam korelasyon 0.54 100
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mesinde kullanilacak olan korelasyonlar Tablo 1'de veril-
mistir. Gorlldaga gibi hem 305 gunliik stt verimi ile
laktasyon sirasi, buzagilama yili ve laktasyon siiresi arasin-
daki iliskiler hem de laktasyon sirasi, buzagilama yili ve
laktasyon suresinin birbirleri arasindaki iliskiler istatistiksel
olarak 6nemli (P<0.01) bulunmustur.

305 glnlik st verimi Uzerine laktasyon sirasi, buzagi-
lama yili ve laktasyon suresinin dogrudan etkilerine ait
standardize edilmis regresyon katsayilari ise Tablo 2'de
verilmistir. Laktasyon sirasi, buzagilama yili ve laktasyon
stresinin 305 glinlik stt verimi Uzerine dogrudan etkileri
(sirastyla Py;=0.12, P,;=0.10 ve P3, = 0.46) istatistiksel olarak
onemli bulunmustur (P<0.01). Bu bilgiler Sekil 5 lzerinde
de verilmistir.

Laktasyon sirasinin buzagilama yili ve laktasyon stre-
sine regresyonundan elde edilen sonuglar Tablo 3'te
verilmistir. Laktasyon sirasinin buzagilama yili ve laktas-
yon slresi Uzerindeki dogrudan etkileri (sirasiyla P,, = 0.15,
P, =0.09) istatistiksel olarak dnemli (P<0.01) bulunmustur.

Diger yandan, laktasyon sirasi, buzagilama yili ve
laktasyon stiresi degiskenlerinin 305 gunlik siit verimine
etkilerini aciklayan iz diyagrami, iz ve korelasyon katsayilari
ile birlikte Sekil 5'te verilmistir. Sekil 5'te verilen diyagramda
305 glinldk sit verimi ile bagimsiz degiskenler (X;, X,,
X;) arasindaki dogrudan, dolayli, U ve S etkilerine iliskin
hesaplamalar ise Tablo 4'te toplu halde sunulmustur.

Bu calismadaki laktasyon sirasi degiskeninin buzagi-
lama yili ve laktasyon siiresi Uzerindeki dogrudan etkisi
(Py = 0.15, P3; = 0.09) 6nemlidir (Sekil 5). Bunun yani sira,
degiskenler arasinda tahminlenen korelasyonlara goére en
yiksek iliskinin buzagilama yili ile laktasyon siiresi arasinda
oldugu (0.67) gorilmektedir. Bu iliskiyi laktasyon sresi ile
305 gunlik sut verimi arasindaki iliski (0.54) izlemektedir
(Tablo 1, Sekil 5).

Degiskenler arasindaki korelasyon katsayisinin diizeyi,
bu iki degisken arasindaki dogrudan iliski yaninda, bun-
larla iliskili oldugu baska degiskenler lizerinden dolayli,
U ve S olarak ifade edilen diger iliskiler toplami ile sekil-
lenmektedir. Nitekim bu calismada incelenen degiskenlerle
st verimi arasindaki dogrudan ve dolayl iliski diizeylerinin
hesabi toplu olarak Tablo 4'te de goriilmektedir.

Laktasyon sirasi ile 305 glinlik stt verimi arasindaki
0.17 duizeyindeki toplam iliski, onu olusturan kisimlara
ayrildiginda 0.12’lik dizeyle en biyilk payin laktasyon
sirasinin st verimi Uzerine dogrudan etkisine ait oldugu
gorilmektedir. S6z konusu dogrudan etkinin toplam kore-
lasyondaki payr %70.59dur. Laktasyon sirasinin buzagilama
yili ve laktasyon suresi lizerinden 305 glinlik siit verimine
yapmis oldugu dolayl etkiler ise sirasiyla 0.01 ve 0.04
olarak hesaplanmistir. Laktasyon sirasinin 305 gunluk
sut verimine buzagilama yili Uzerinden dolayli etkisinin
toplamdaki payr %5.88 iken, laktasyon siresi lzerinden

dolayh etkisinin payi ise %23.53 olarak belirlenmistir
(Tablo 4). Benzer sekilde buzagilama yili ile 305 guinlik sit
verimi arasindaki 0.43'lik iliski, onu olusturan bilesenlere
parcalandiginda buzagilama yilinin 305 ginlik sat
verimine dogrudan etkisinin 0.10 oldugu belirlenmistir.
Bu etkinin toplamdaki payi ise %23.26 bulunmustur.
Toplam korelasyon icinde dolayh etkiler parcalandiginda,
buzagilama yilinin laktasyon siresi tizerinden U etkisi 0.31
(%72.09), buzagilama yilinin laktasyon sirasi lzerinden S
etkisi ise 0.02 (%4.65) diizeyinde disik etkili bulunmustur
(Tablo 4).

Laktasyon suresi ile 305 gunlik st verimi arasindaki
korelasyon 0.54 buiyukligindedir. Bu iliski dogrudan
ve dolayli iliskilere ayrildiginda laktasyon siresinin 305
gunlik st verimine dogrudan etkisi 0.46 diizeyinde
bulunurken, laktasyon siresinin buzagilama yili tizerinden
U ve laktasyon sirasi lzerinden S etkileri ise sirasiyla 0.07
ve 0.01 duzeylerinde saptanmistir. Laktasyon siresinin
slit verimi Uzerine olan bu (g etki seklinin toplam icindeki
paylari sirasiyla %85.19, %712.96 ve %1.85'tir.

TARTISMA ve SONUC

Korelasyon analizi ile degiskenler arasindaki dogrudan
etkilere ait katsayilara ulasiimaktadir. Fakat degiskenler
arasindaki dogrudan etkilerin yaninda dolayli etkilerin
de ortaya konmasi dnemlidir. Korelasyon katsayilarinin
ayrintilarini gorebilmek, degiskenlerin birbirleriyle hangi
nedensel iliskilere sahip oldugunu degerlendirebilmek
ve s6z konusu iliskileri bir diyagramla agiklayabilmek icin
iz analizi kullanilmaktadir. Bu ¢alismada iz analizi ile 305
glinlik sut verimi Uzerine laktasyon sirasi, buzagilama
yili ve laktasyon siiresi degiskenlerinin etkili oldugu belir-
lenmistir. Bu sonuc isci ve ark.!™ tarafindan siirii, buzagi-
lama yili ve buzagilama yasi degiskenlerinin 305 gtinlik
st verimi Uzerine etkilerini iz analizi kullanarak inceleyen
arastirma ile uyumlu bulunmustur. Tahtali ve ark."* da
laktasyon suresi, 305 glinlik sut verimi, buzagilama yasi ve
buzagilama araliginin gercek sit verimi lGzerine yapmis
oldugu etkileri iz analizi ile belirleyerek gercek siit verimi
ile 305 ginlik st verimi ve laktasyon siresi arasindaki
korelasyon katsayilarini bu calismadaki gibi pozitif ve
onemli bulmustur. Orhan ve Kasik¢i ' ise laktasyon siit
verimi Uzerine laktasyon siresi, 305 glinlik sut verimi,
yas, servis periyodu ve glinlik ortalama sit miktarinin
dogrudan ve dolayh etkilerini arastirmis, yas ve servis
periyodu disindaki degiskenlerin laktasyon siit verimi
Uzerine pozitif ve dnemli etkilerini saptamislardir.

Path katsayilar verilen sonuglar incelendiginde, uygu-
lanan iz analizinin degiskenler arasindaki iliskilerin tama-
mini dikkate aldigi gortlmektedir. Nitekim degiskenler
arasinda gozlenen dogrudan, dolayli, U ve S etkilerinin
toplaminin degiskenler arasindaki korelasyona esit oldugu
saptanmistir. Yine dogrudan etki degerleri incelendiginde
Siyah Alacalarda 305 gunliik sut veriminin en cok (%85.19)
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laktasyon suresinden etkilendigi gortlmektedir. Orhan ve
Kasik¢r M ve Tahtali ve ark.' tarafindan laktasyon siiresi
sirastyla laktasyon sit verimi ve gergek siit verimine de
en ¢ok etkili bulunmustur. Bunun yani sira, 305 gunlik
sUt verimine laktasyon sirasinin etkisi ikinci sirada biyuk
bulunmustur (%70.59). 305 glinlik st verimine buzagi-
lama yilinin etkisi ise duguktlr (%23.26).

Sonug olarak, ¢cok sayida degiskenlerle calisildiginda
incelenen degiskenler arasi iliskilerin sadece korelasyon
katsayilari izerinden degerlendirilmesi yeterli olmayabilir.
S6z konusu iliskilerin iz analizi gibi teknikler kullanilarak
dogrudan ve dolayl etkiler biciminde detayli ele alinmasi
daha yararli sonuglar verebilecektir. Bu tip ayrinti iceren
sonuclar uygulamada pratik kullanimlar saglayabilir.
Ornegin hayvan islahinda ele alinan 6zellikler arasindaki
dogrudan ve dolayl iliskilerin biliniyor olmasi, dolayli
seleksiyon gibi yontemlerin uygulanmasina zemin olustu-
racaktir. Nitekim bu calismada ele alinan Siyah Alaca irki
ineklerin 305 glinlik st verimlerini artirmaya yonelik
yapilacak bir seleksiyon calismasinda laktasyon siiresi ve
buzagilama yilinin seleksiyon kriterleri olarak ele alinmalari
fayda saglayacaktir.
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Abstract

The purpose of the study was to evaluate the effectiveness of the canola oil on the some metabolites ostriches. In order to study the
metabolic profile of ostriches in relation to diet, Six blue-neck male ostriches (Struthio camelus) were fed omega-3 resource (canola
0il =3%) throughout a 60-day experiment. Blood samples were collected from ostriches on days 0 and 60 of the experiment to measure
levels of total serum protein, aloumin, total immunoglobulin, cholesterol, the activity of ASP, ALT, insulin and glucose. The results
showed that from days 0 to 60 of the experiment, glucose and total protein levels increased significantly (P<0.05). whereas total
immunoglobulins insulin, albumin, ALT and AST did not change.

Keywords: Ostrich, Omega-3 resource, Glucose, Total protein

Devekuslarinda Omega 3 Kaynaginin Glukoz ve Total Protein
Uzerine Etkisi

Ozet

Bu calismanin amaci devekuslarinda kanola yaginin bazi metabolic dederler lizerine etkisini arastirmaktir. Diyetle iliskili olarak
devekuslarinda metabolik degerleri arastirmak amaciyla alti adet Mavi-boyunlu devekusu (Struthio camelus) 60 gunlik calisma
periyodu siiresince omega-3 kaynadi (%3’'lik kanola yadi) ile beslendi. Devekuslarindan ¢alismanin 0 ve 60. glinlerinde total serum
protein, alblimin, total immunglobulin, kolesterol, ASP, ALT, insilin ve glukoz seviyelerini tespit etmek amaciyla kan érnekleri alindi.
Galismanin sonuglari 0. ile 60. glinler arasinda glukoz ve total protein seviyelerinin arttigini (P<0.05) buna karsin total immunglobulin,
instlin, albimin, ALT ve AST seviyelerinin ise degismedigini ortaya koymustur.

Anahtar sozciikler: Devekusu, Omega-3 kaynagi, Glukoz, Total protein

has a direct effect on human health, for example, the long-
chain n-3 PUFA docosahexaenoic acid (DHA) is reported
to contribute to brain and liver development in human
infants and may also play a role in the prevention and
treatment of various diseases .

INTRODUCTION

The ostrich industry in South Africa dates back to the
1860’s when ostriches were domesticated in the Klein
Karoo, Western Cape ™. The industry was initially focused
on the feathers and hides for the fashion industry. Over the
last decade however focus has shifted and is now aimed
at further developing and sustaining the meat production
sector of the South African ostrich industry 2.

Ostrich meat is gaining in popularity worldwide due to
its high nutritive value 5. In recent years ostriches (Struthio
camelus) have been increasingly farmed in Europe with
more than 40 000 head in Italy alone 7. Ostrich industries

It is well recognized that a direct relationship exists
between a high intake of fat in the diet, particularly
saturated and the so-called 'diseases of the western world,
with the latter predominantly being characterized by an
increased incidence of heart disease B. A higher PUFA
content of meat the higher meat’s nutritive quality, which

have recently been developing in many countries around
the world, especially for the production of meat due
to its favorable fatty acid profile and low fat content as
compared with other kinds of red meat ®. Commercial
breeding of farmed ostriches in Iran was started from
1999 ¥ and at present ostrich farms are distributed in all

& lletisim (Correspondence)
+98 863 2761007
>4 m-motlagh@araku.ac.ir
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regions and climates of the country, especially in the central
regions. Blood profiling, initially used to detect subclinical
disorders due to incorrect feeding, has recently been used
more widely to evaluate the effects of different treatments
on metabolic, nutritional and welfare conditions of
animals %, Use of fats in animal feed has many benefits.
Some of these benefits are increase in energy level and
palatability of diet, improvement of growth rate, feed
efficiency, absorption of fat soluble vitamin and decrease
of metabolic heat production during heat stress. Dietary
fats are also source of essential fatty acids "". Various
studies have been conducted on the inclusion of fish oil
or fish meal in the diet of broilers '3, pigs " and beef ' in
order to try and manipulate the lipid composition of the
meat. It is known that the fatty acid composition of animal
products is the result not only of biosynthesis in tissue, but
also the fatty acid composition of ingested lipids ", being
stronger in monogastrics, where stored lipids in adipose
tissue not only reflect ingested lipids ¢\ Canola oil has a
high content of a-linolenic acid, which is susceptible to
oxidation, and has very rich source of monounsaturated
oleic acid, it contains considerable amounts of linoleic (LA)
and alpha-linoleic (ALA) acids, the precursors of omega-6
and omega-3 fatty acids and is poor of saturated fatty
acid '), There is no report to show an academic research
to evaluate the effects of canola oil on ostriches. To our
knowledge, this is the first study of effects of canola oil on
plasma biochemical parameters of ostriches. The purpose
of the study was to evaluate the effectiveness of the
canola oil on the health of ostriches.

MATERIAL and METHODS

Animals and Diet

Field work was conducted from November to January
2013 at the farming and animal husbandry station near
Arak, Markazi province, Iran. Six birds of ostrichs, approxi-
mately 4 months of age were used in this investigation. The
experiment was approved by the animal group committee
of the Agriculture faculty of Arak University (Approval
No: 2013-07/02 -366). The ostriches received increasing
amounts of supplementary feed (Table 1, Table 2) that
contained 3% unrefined canola oil and for period of around
60 days. This supplementary diet had a calculated energy
value of 2.600 kcal/kg and a protein content of 22%. All
the supplementary feed was consumed by the birds. The
feed was mixed on a weekly basis and stored in bags in
a cold feed storage shed. No anti-oxidants were added to
diets. Water was provided ad libitum. They were kept in
an enclosure with 1.000 m? of open space and 100 m? of
covered space.

Plasma Biochemical Analyses

Blood samples for the determination of some
parameters were obtained between 8 and 9 am, to avoid

Table 1. Ingredients composition of the diet

Tablo 1. Diyet iceriginin kompozisyonu

Ingredients (%)
Corn, Grain 37.4003
Alfalfa Meal-20 28.0502
Soybean Meal-44 27.5827
Dical. Phos 2.3004
Canola Oil 3
Sunflower Oil 0
Limestone 0.6924
Common Salt 0.3101
Vitamin Premix 0.2338
Mineral Premix 0.2338
DL-Methionine 0.1314
L-Lysine HCI 0.0636

Table 2. The chemical composition of d ration
Tablo 2. Rasyonun kimyasal kompozisyonu

Chemical Composition Content
E 2600 Kcal/kg

CP (%) 22

EE (%) 5/65

CF (%) 10/69

Lysin(%) 1/19
Met + Cys(%) 0/79

Ca (%) 1/30

P (%) 0/52
Na(%) 0/18

diurnal influences, following about a 12-h fasting by
wing vein into vacutainers with heparin. The plasma was
prepared by centrifugation at 2.500xg for 15 min. plasma
were stored at —21°C until analysis. The biochemical
parameters were measured using a standard autoanalyser
(Hitachi 717, Boehringer. Mannheim, Germany). The level
of total protein by Biuret reaction, albumin by Bromocresol
green dye binding method, and the activity of AST and ALT
was measured by the colorimetric method of Reitman and
Frankel U7, All results of enzyme activities were expressed
in international units per liter written as U/l 18,

Statistical Analysis

All results are expressed as means tstandard error of
mean (SEM). Raw data were checked for normal distribution
using Kolmogorov-Smirnov method. All analyses utilized
parametric statistical methods. A value was considered
to be statistically significant if the associated P value was
less than 0.05. Paired t tests were performed using SAS
software (2001).
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RESULT

The effects of Omega-3 resource feeding on weight
change indicated on Table 3. All ostrich chicks exhibited
proper growth and active ingestion during the feeding
period. Initial weight and final weight indicated the
weight on 0 and 60 days respectively. At two month gain
for six ostrich chicks were 93.900 kg. Total feed intake
at this period was 743 kg. Average daily gain (ADG) was
260 g/day and feed conservation ratio (FCR) was 7.913
kg in this study.

The effects of Omega-3 resource ingestion on plasma
biochemical variables (Table 4) are reported. There was no
significant difference in total immunoglobulins, insulin,
albumin, ALT and AST at two times. But from days 0 to 60
total protein levels and glucose increased significantly
(P<0.05).

DISCUSSION

Results indicated that ADG and FCR in this study was
agreement with others. Trebusak et al." indicated that
body weight gain was not influence while feed intake
was decreased and feed efficiency was improved when
the rabbits fed on diets content linseed oil. Body weight
gain was increased in this study Studies in the US 29 on
ostriches reported that grew at only 180 g/day with a FCR
of 8.7 compared with this study was low. Final body weight
of sunflower oil groups (poultry) were increased 2",

Average feed intake per day, water consumption per
day, feed conversion ratio (FCR) and weight gained were
different from that estimated by Mushi et al.?2. Also,
Kreibich and Sommer 3 explained that feed conversion
ranged from 1.4:1 to 1.6:1 for younger birds 4 to 6

months old, while for older birds ranging from 4:1 to 6:1.
Studies %21 showed that increasing dietary energy or
fat supplementing decreased feed intake and improved
Feed Conversion Ratio (FCR) of broiler chicks 241,

Findings of this study showed that feeding of Canola
oil in growing ostriches can significantly increase plasma
levels of glucose and total protein in the 60" day,
compared to that of day 0 (Table 4). Total proteins play
an important role in transport of vitamins, hormones,
enzymes and electrolytes. In our study, total protein values
increased on day 60. This accords with earlier observations,
which showed that total protein values increased with
age in male ostriches until 24-36 months 2°. Total protein
values also tend to increase with age in emus, masai
ostriches, and broilers 7., The protein content of the feed
may raise total proteins in ostriches. In our study, total
immunoglobulin values did not change in day 60.

Enzyme activities in birds are variable and originate
from different organs. There were no significant differences
between albumin, AST, and ALT. These findings may
indicate that canola oil supplementation to feed had effect
on the health of ostriches during the experiment. The
major finding of current study was a significant increased
on glucose along with a significant rise in total protein
concentration. This finding may reflect the beneficial
effects of canola oil on health. This research will serve
as a base for future studies on the effects of types of oils
on health. A limitation of this study is that the numbers
of ostriches were relatively small. More broadly, research
also needed to determine where the effects of canola oil
on other metabolit profile content of ostrich muscle, liver
and plasma.

It was concluded, dietary supplementation with 3%
canola oil can increase body weight and FCR in ostrich.

Table 3. Effects of omega-3 resource feeding on weight gain at two months period

Tablo 3. iki aylik siirecte omega-3 kaynagi kullaniminin kilo kazanimi (izerine etkisi

Animal Initial Weight (kg) Final Weigh (kg)

Weight Gain (kg) ADG (g) FCR (kg)

Ostrich 258.1 352

93.900 260 7913

Table 4. Comparison between two blood sampling (day 0-60) for some plasma parameters, results are expressed as mean + SEM (n=6)

Tablo 4. Bazi kan parametrelerinin iki kan 6rneklemesi(0 -60 giin)arasindaki karsilastirmasi Sonuclar ortalama+SEM (n=6)

Variable Unit of Measurement Day 0 Day 60 P-Value
Insulin Mg/dl 11.98+2.39 12.48+1.44 0.28 NS
Glucose Mg/dl 108.80+18.90 138.10+£17.60 0.05 *
ALT U/1 38.20+2.81 37.89+2.46 0.24 NS
AST 0/1 30.32+6.20 30.32+4.81 0.99 NS
Total protein Mg/dl 4.31+0.25 4.95+0.40 0.05 *
Albumin Mg/dl 4.22+0.92 4.80+0.70 0.17 NS
Total immunoglobulin Mg/dl 0.84+0.49 0.83+0.35 0.95 NS
AST (aspartate amino transferase), ALT (alanine amino transferase), NS not significant (P>0.05) and *P<0.05
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In other hand omega-3resource increased total protein
and glucose level on plasma.
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Abstract

Production of exopolysaccharides (EPS) by starter Lactic acid bacteria (LAB) gained special interest due to technological role of these
natural polymers. Yogurt samples were collected from different households in Turkey and bacterial strains were isolated and evaluated
for EPS production. Strains potentially producing EPS were then identified to species level with 16S rRNA sequencing. An EPS producer
Streptecoccus thermophilus strain was identified from yogurt samples. EPS was extracted from culture supernatants of S. thermophilus and
partially purified and structural analysis of the crude EPS by FTIR spectroscopy revealed the presence of typical functional groups related
to exopolysaccharides. This study explains the identification of a potential starter culture for yogurt production with EPS production.

Keywords: Exopolysaccharides, Streptococcus thermophilus, yogurt, 16S rRNA, FTIR

Yogurttan Ekzopolisakkarit Ureten Streptococcus thermophilus
Susunun izolasyonu ve Tanimlanmasi

Ozet

Starter Laktik Asit Bakterileri (LAB) tarafindan ekzopolisakkarit (EPS) tretimi bu dogal polimerlerin teknolojik rollerinden dolayi son
yillarda &nem kazanmistir. Bu calismada yogurt drnekleri yerel kaynaklardan toplanmis, bakteriler izole edilmis ve bu turlerin EPS Gretimi
test edilmistir. EPS Uretim potansiyeli gosteren suslar 16S rRNA sekanslama teknigi ile sus seviyesine kadar tanimlanmistir. Bu calismalar
neticesinde EPS Uretimi gOsteren bir Streptecoccus thermophilus susu tanimlanmistir. EPS S. thermophilus'un kiiltlr sipernatantindan
ekstrakte edilmis, kismi olarak saflastiriimis ve FTIR spektreskopi ile gerceklestirilen yapisal analiz ekstraktin ekzopolisakkaritler ile alakali
tipik fonksiyonel gruplari icerdigini gdstermistir. Bu ¢alisma yogurt Gretimi icin EPS Uretme kabiliyetinde olan potansiyel bir starter
kaltarin tanimlanmasini agiklamaktadir.

Anahtar sozciikler: Ekzopolisakkaritler, Streptococcus thermophilus, Yogurt, 16S rRNA, FTIR

technological roles and their GRAS (generally recognised
as safe) status Bl

INTRODUCTION

Several lactic acid bacteria (LAB) strains, generally used
in fermentation processes as starter cultures, are capable
of producing exopolysaccharides (EPS) that can either
form a capsule as an outer layer or directly being secreted
to the environment ™M, The structure of EPS produced by
LAB strains has a wide diversity depending on the sugar
monomers that EPS are composed of and those containing
only one type of sugar monomer are described as homo-

Yogurt is one of the most consumed fermented milk
products worldwide and production of healthier yogurt
with less food additives sustaining its technological
properties is an important issue matching with consumer’s
demands. For this reason the use of EPS producing ropy
starter cultures in yogurt production is a common practice
in order to replace food additives with an improved

polysaccharides and those containing two or more sugar
molecules are described as heteropolysaccharides . EPS
of LAB have several ecological functions such as playing
important roles on colonization, adhesion, stress resistance,
host-bacteria interactions and immunomulation ©. But
EPS are also of special interest in food industry due to their

yogurt viscosity and in situ EPS production during yogurt
fermentation may also result in a smooth and creamy
texture in the final product . Importantly it was shown
that these positive effects in technological properties of
yogurt is more pronounced when EPS was formed in situ
rather than when added as an additive ®. Thus, finding

& lletisim (Correspondence)
+90 458 2111153/3225
>4 edertli@bayburt.edu.tr
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new EPS producer yogurt starter cultures is crucial in
order to develop more desired products as EPS structure,
production level of different LAB strains are different and
directly affects the functions of EPS ™,

The aim of this study was to isolate and identify an
EPS producer yogurt starter culture from Turkish yogurt
collected from different households and investigate the
EPS structure produced by this potential starter culture.

MATERIAL and METHODS

Isolation of LAB from Yogurt Samples

Yogurt samples (n=8) were randomly collected from
four different households in Diizce province of Turkey and
samples were stored at 4°C and analysed within 48 h as
previously described . Basically, 10 g of yogurt samples
were taken aseptically and transferred to separate sterile
bags. In order to homogenise yogurt samples, 90 ml of
sterile saline solution (0.85%, pH: 7.0) were added to each
sample. Serial dilutions were prepared and aliquots of
these dilutions were plated to MRS (de Man, Rogosa and
Sharpe) and BHI (Brain-heart infusion) agars and incubated
at 37 and 42°C for 48 h. Colonies with typical slimy
characteristics were randomly selected from MRS and BHI
agar plates and tested for Gram stain, cell morphology and
catalase reaction as described elsewhere ©. Potential LAB
were selected from these colonies and further investigated
for their genotypic identification.

Bacterial Identification by 16S RNA Sequencing

Seven slimy colonies were selected as potential EPS
producer LAB cultures using the previously described
method " and grown in MRS broth and further inoculated
to MRS agar to have single pure fresh colonies. Single
bacterial colonies were resuspended in 10 ml sterile H,0
and 1 ml aliquots were taken from these suspensions as a
DNA template in a PCR reaction that contained 1 ul DNA
template, 10 pl 5x PCR buffer for Taq polymerase (Go Taq,
Promega), 0.4 ul dNTPs (Bioline), 1 ul of 20 mM primers
AMP_F (5- GAGAGT TTGATYCTGGCTCAG - 3') and AMP_R
(5'-AAGGAGGTGATCCARCCGCA - 3') ®,0.25 pl 5U Taq
polymerase and up to 50 pl of sterile H,O in order to amplify
complete 16S rDNA with a final product of c. 1.5 kb. PCR
was performed using a thermocycler (Biometra) with the
following programme: 95°C for 2 min, 20 cycles of 95°C
for 30 s, 55°C for 20 s, and 72°C for 30 s and 72°C for 5
min final extension. PCR products were run on a gel to
check the amplication and amplicons were further purified
using SureClean kit (Bioline). Sequencing reactions
were prepared using primers AMP_F/AMP_R at 1.6 uM
concentrations and the ABI Prism BigDye Terminator v3.1
Cycle Sequence Kit (Applied Biosystems) according to
the manufacturer’s protocol. Sequences obtained were
interrogated by using Ribosomal Database Project Il ® and

the identities of the isolates were determined on the basis
of more than 0.98 matching score.

Isolation of Exopolysaccharides

Exopolysaccharides (EPS) were isolated from bacterial
strain using the method described previously 1'%, Briefly
identified Streptecoccus thermophilus strain was grown
in 500 ml MRS culture, inoculated at 1% (v/v) with an
overnight culture then incubated at 37°C for 2 d. The
bacterial supernatant was collected after centrifugation at
6.000 x g for 30 min at 4°C and an equal volume of chilled
ethanol was added to the supernatant to precipitate
bacterial EPS and stored at 4°C overnight. Sample was
centrifuged at 10.000 x g for 30 min at 4°C and the
pellet of the precipitates was retained. The sample was
resuspended in H,O with gentle heating (50°C) and EPS
was recovered by precipitation upon the addition of 2
volumes of chilled ethanol. After centrifugation at 10.000x
g for 30 min at 4°C the resulting EPS was resuspended in
distilled H,O with gentle heating (less than 50°C) followed
by dialysis for 72 h (12.000-14.000-Da dialysis membrane)
at 4°C, with two changes of H,O per day. The contents of
the dialysis tubing were freeze-dried to provide EPS. This
was further purified by dissolving in 10% TCA and stirring
overnight. The precipitated protein was removed by
centrifugation at 10.000 x g for 15 min at 4°C. The pH of the
supernatant was adjusted to 7 with 1 M NaOH and EPS was
precipitated again with 2 volumes of chilled ethanol. The
pellet was dissolved in distilled water and then lyophilized
by freeze drying. The EPS samples were stored at 4°C for
further analysis.

FTIR Spectroscopy Analysis of EPS

Fourier transform infrared (FTIR) spectra of the pure
capsular EPS isolated from wild type and mutants cell
pellets were measured with a FTS 175C Digilab FT-IR
spectrometer (Bio-Rad, US) equipped with a MCT detector
and a single-reflection diamond ATR sampling accessory
(GoldenGate, Specac). The spectra were recorded in the
region of 4000-800 cm™ with 128 scans at 4 cm™ resolution
and processed by the spectrometer software. The finger-
print region of 800-1800 cm™ spectra of EPS samples were
analysed in detail.

RESULTS

Identification of EPS Producer
LAB Strain Isolated from Traditional Yogurt

Yogurt samples that were collected for this study were
produced with traditional methods and it should be noted
that bacterial populations from four yogurt samples were
low and ranged between 10° - 10° CFU/ml suggesting
the traditional yogurt production conditions were not
that appropriate. A total of seven bacterial isolates from
thirty isolates were selected as potential EPS producing
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LAB strains after morphological and chemical tests and
subjected to 16S rRNA sequencing and as can be seen
in Fig. 1, the 1.5 kb region of 16S gene from each isolate
were successfully amplified. From this seven isolates three
strains were identified as Streptecoccus thermophilus
as can be expected and three strains were identified as
Staphylococcus hominis and one strain were matched
with an uncultured bacterium (data not shown). Isolation
of S. hominis as a slimy colony from yogurt was not that
surprising as this strain was isolated from traditionally
fermented milk in South Africa and its EPS production for
the first time was reported recently "\ S. hominis was not
our target strain in this study but it should be noted that
this strain could preserve its ropiness for a period of cell
transfers """ which is not always the case for the ropy LAB
as genetic biosynthesis mechanism of EPS production
is not that stable. After isolation of EPS from the new S.

thermophilus strain structural analysis has been conducted
in order to confirm the polymer as EPS.

Structural Analysis of EPS by FTIR Analysis

In this study structural and functional groups of the
crude EPS were determined by FTIR analysis (Fig. 2). The
EPS sample showed a wide absorption peak around 3200-
3400 cm™, indicating typical hydroxyl groups (O-H) of
polysaccharides suggesting that the analysed sample is a
polysaccharide 2. The peak from 2800 to 2950 cm™' showed
a weak C-H stretching frequency for exopolysaccharide
of S. thermophiles ED1 '3, The region around 1500-1600
cm™ did not show the intense peak which is assigned to
N-H bending and C-N stretching in proteins ' (Fig. 2). The
amide C=0 stretching and carboxyl groups were detected
from the corresponding peak at 1600-1700 cm™. The EPS
sample showed an intense peak around 1000 cm™ which
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Fig 1. Agarose gel (0.8%) showing the amplication of 16S rRNA
genes from seven yogurt isolates

Sekil 1. 16S rRNA geninin 7 yogurt izolatinda cogdaltilarak elde
edilmesini gosteren agaroz (%0.8) jeli
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Fig 2. FTIR spectra of EPS isolated from yogurt isolate S.
thermophilus strain. The inner figure represents the spectra of
the fingerprint region
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Sekil 2. Yogurt izolati S. thermophilus susundan izole edilen =
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indicated the characteristic C-O bond of polysaccharides '3l
Overall FTIR spectrum confirmed the EPS production
of yogurt isolate S. thermophilus strain.

DISCUSSION

In this study a new S. thermophilus strain is identified
with EPS production ability as a potential starter culture
in yogurt production. It was possible to isolate and
identify several other strains from yogurt but our target
was finding an EPS producer LAB strain as EPS production
in yogurt is critical for yogurt rheology, texture and its
microbiological characteristics ™. Previously several
studies also showed the EPS production of S. thermophilus
strains '>'%1 and importantly S. thermophilus was the first
food related organism in which the eps gene cluster
was identified U7 Structural analysis in different studies
revealed that S. thermophilus strains were able to produce
heteropolymeric type EPS in which glucose, galactose,
rhamnose, N-acetylgalactosamine and fucose were the
sugar monomers comprising the EPS repeating units 1'>182,
Following the isolation and identification of an EPS producer
S. thermophilus strain, EPS from culture supernatants
of S. thermophilus were extracted and subjected to FTIR
structural analysis and the polymer was confirmed as an EPS.

Recent interest in food industry especially in dairy
industry increased the attention to EPS producer LAB
strains due to the technological role of in situ EPS
production. We should note that more studies are required
in order to find new EPS structures and new EPS producer
strains as technological performance of EPS is dependent
on EPS production levels and EPS structures. Research is
ongoing with the identified S. thermophilus strain in this
study in order to determine its EPS production levels under
different conditions and its potential as a new starter
culture for yogurt production under industrial scale.

In conclusion, an EPS producer S. thermophilus strain
was isolated from Turkish yogurt as a potential ropy
starter culture and the structural analysis of the crude
EPS was analysed by FTIR Spectroscopy. Studies on EPS
production levels of this strain under different conditions
such as incubation temperature, carbon source and pH are
definitely required in order to optimise the EPS production.
Additionally identification of the sugar monomers that EPS
is composed of as well as the potential eps genes is also
in our future plans. Moreover technological properties of
the yogurt produced with this stain will be studied.
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Abstract

In this study, the effects of fat (10, 15 and 20%) and orange fiber (0, 2 and 4%) levels on volatile compounds of sucuk (Turkish dry-
fermented sausage) were investigated. The volatile compound profile of sucuk samples was analyzed by gas chromatography/mass
spectrometry (GC-MS) by using a solid phase microextraction (SPME). 75 volatile compounds were identified in the sucuk samples.
The volatile compounds identified were 11 aldehydes, 7 aliphatic hydrocarbons, 2 acids, 10 esters, 1 furan, 5 alcohols, 8 aromatic
hydrocarbons, 6 ketones, 6 sulphur compounds, and 19 terpenes. It was determined that the use of orange fiber had significant
(P<0.05) effects on a few volatile compounds (allyl methyl sulfide, copaene and caryophyllene). Alpha-thujene was significantly
affected by fat level (P<0.05). Fat level also showed very significant effect on p-xylene and allyl methyl sulfide (P<0.01). As result,
orange fiber and fat level had no significant effects on volatile profile of sucuk samples.

Keywords: Sucuk, SPME, Volatile compounds, Orange fiber, Fat

Farkli Oranlarda Portakal Lifi ve Yag iceren Sucuklarin Ucucu
Bilesiklerinin Belirlenmesi

Ozet

Bu calismada, sucugun (Turk tipi kuru-fermente sosis) ugucu bilesikleri Gzerine yag (%10, 15 ve 20) ve portakal lifi (% 0, 2 ve 4) oranlarinin
etkileri arastirilmistir. Sucuk érneklerinin ugucu bilesik profili kati faz mikroekstraksiyon (SPME) teknigi kullanilarak gaz kromatografisi/
kitle spektrometresi (GC/MS) ile analiz edilmistir. Sucuk 6rneklerinde 75 ucucu bilesik tanimlanmistir. Ugucu bilesik olarak 11 aldehit,
7 alifatik hidrokarbon, 2 asit, 10 ester, 1 furan, 5 alkol, 8 aromatik hidrokarbon, 6 keton, 6 siilfiirli bilesik ve 19 terpen belirlenmistir.
Portakal lifi kullaniminin az sayida ugucu bilesik (allil metil stlfit, kopaen ve karyofillen) tizerinde 6nemli (P<0.05) etkiye sahip oldugu
belirlenmistir. Alfa-thujen, yag oranindan énemli sekilde etkilenmistir (P<0.05). Ayrica yag orani p-ksilen ve allil metil stlfit Gizerine ¢ok
onemli (P<0.01) etki gdstermistir. Sonug olarak, portakal lifi ve yag oraninin sucuk érneklerinin ugucu bilesikleri tizerinde 6nemli bir
etkiye sahip olmadigi belirlenmistir.

Anahtar sozciikler: Sucuk, SPME, Ucucu bilesikler, Portakal lifi, Yag

small intestines) or small casings of similar characteristics,
fermentation and drying steps are carried out under
controlled or natural climatic conditions 2. According to
Communique of Meat and Meat Products of Turkish Food
Codex (No: 2012/74) B, sucuk must have 40% maximum

INTRODUCTION

Sucuk is a dry fermented sausage, one of the most
important of traditional Turkish meat products. It is
produced with beef meat and/or water buffalo meat/sheep

meat, sheep tail fat and/or beef fat. Curing ingredients
(nitrite and/or nitrate), salt, sucrose, and various spices
including cumin, garlic, pimento, red and black peppers
are also used in sucuk production. After stuffing the
mixture into natural sausage casings (air-dried bovine

moisture content and 5.4 maximum pH value.

Volatile compounds generated during processing
of dry fermented sausage have great importance on
aromatic character of the product. Raw meat contains a
large number of aroma precursors which are converted

# lletisim (Correspondence)
+90 442 2312794; Fax: +90 442 2360958
>< mkaya@atauni.edu.tr
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to volatile compounds during ripening ™. These
compounds have the ability to influence the quality of
products due to their effects on sensorial properties.
Volatile compounds generated during production and
storage can occur as a result of a) ingredients used in
formulation, b) conditions used in production, c) microbial
activities of starter and endogenous microorganisms such
as amino acid catabolism, carbohydrate fermentation and
d) lipid oxidation >,

Sucuk has a large number of volatile compounds. This
product is especially rich in terms of terpens from spices
which could play an important role in the overall aroma.
On the other hand, sulfur compounds (diallyl disulfide,
1, propene 3-thiobis, disulfide methyl 2-phenyl), acids
(especially acetic acid), and aldehydes (p-cumic aldehyde)
are also found at significant levels. The profile of these
compounds could display some differences due to
differences in raw materials, spices and other ingredients,
and production conditions .

Turkey is an important orange producer . Citrus fruits
such as orange are mainly processed to fruit juice and
millions of tones waste are released every year around
the world which could cause an environmental problem.
In order to eliminate this problem, citrus wastes are
processed to valuable by products like dietary fibers ©1. As
well as their physiological properties, dietary fibers could
improve the product’s texture and decrease the cooking
loss with their technological properties ',

In order to understand the effects of dietary fiber in
dry-fermented sausages, many researches have been
carried out in the last decade "3l However, the effects
of fiber addition and decrease of fat level on volatile
compound profile of sucuk have not been examined,
yet. In this study, the effects of different levels of fat and
orange fiber on volatile compound profile of sucuk were
investigated by using gas chromatography/mass spectro-
metry (GC-MS) with solid phase microextraction (SPME).

MATERIAL and METHODS

Production of Orange Fiber

Cooked and dried orange fiber was obtained according
to a method offered by Fernandez-Gines et al.".

Sausage Formulation and Processing

Two replicates were designed for the study (Experiment
| and Experiment Il). Nine sucuk batters were prepared for
each experiment based on fat level (90% lean meat + 10%
sheep tail fat, 85% lean meat + 15% sheep tail fat, and
80% lean meat + 20% sheep tail fat) and orange fiber
(0%, 2% and 4%). As a parallel research project to that of
Yalinkili¢ et al."?, the following ingredients (g/kg) and
ripening conditions were used; 25 g/kg NaCl, 10 g/kg garlic,

7 g/kg red pepper, 4 g/kg sucrose, 5 g/kg black pepper,
2.5 g/kg pimento, 9 g/kg cumin, and 0.15 g/kg NaNO, ™.
The amount of orange fiber was calculated over the total
mixture and added to batters at different levels (0, 2 and
4%). Lactobacillus plantarum GM77 and Staphylococcus
xylosus GM92 strains ! were used as starter culture
approximately in the level of 10°cfu/g, as explained by
Kaban and Kaya M. Sucuk batters were prepared in a
laboratory-type cutter (MADO Typ MTK 662, Dornhan,
Schwarzwald). Prepared batters were stuffed into collagen
casings (38 mm, NaturinDarm, Germany) using a laboratory-
type filling machine (MADO Typ MTK 591, Dornhan/
Schwarzwald). Sucuk samples were fermented and dried
in an automatic climate unit (Reich, Klima-Rauchertechnik,
Stuttgart). The ripening process was carried out under the
following conditions: first day 22°C, second and third days
20°C and 18°C for the following days. In the first three
days relative humidity (RH) was 90+2% and on the other
days the RH was decreased gradually to 82+2%.

Sampling Procedure

Volatile compound profile examination was carried
out using ripened sucuk samples from nine different
groups at day 9.

Analysis of Volatile Compounds

Analysis of volatile compounds was done according
to a method specified by Kaban ., The extraction of head-
space volatile compounds was performed using a SPME
device (Supelco, Bellefonte, PA), using fibers of 75 um,
carboxen/polydimethylsiloxane (CAR/PDMS). For each
sample, 5 g minced sample was weighed into a 40 ml
headspace vial and sealed with a PTFE-faced silicone
septum (Supelco, Bellefonte, PA, USA). The vial was left
at 30°C in a thermo block (Supelco, Bellefonte PA, USA)
during 1 h to equilibrate its headspace. Then, a SPME fiber
was exposed to the headspace while maintaining the
sample at 30°C during 2 h.

The volatile compounds adsorbed by the fiber were
desorbed from the injection port of the gas chromato-
graphy (GC, Agilent Technologies 6890N) for 6 min at
250°C with the purge valve off (splitless mode). DB-624
(J&W Scientific, 30 m, 0.25 mm i.d., 1.4 um film) capillary
column was used in separation of volatile compounds.
The GC was equipped with a mass selective detector (MS,
Agilent Technologies 5973). Helium was used as carrier
gas. The GC oven temperature was started to increase
as programmed when the fiber was inserted and held at
40°C for 5 min and subsequently programmed from 40
to 110°C at 3°C/min and at a rate of 4°C/min from 150°C,
then at a rate of 10°C/min from 210°C where it was held
for another 15 min. GC-MS interface was maintained at
240°C. Mass spectra were obtained by electron impact at
70 eV, and data were acquired across the range 30-400
amu. The compounds were determined by comparing the
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results with mass spectra from a database developed by
NIST and WILEY or standards molecules (for calculating
Kovats Index, Supelco 44585-U, Bellefonte PA, USA) and by
matching their retention indices with those in the literature.
Quantification was based on a total ion chromatogram
on an arbitrary scale.

Statistical Analysis

All data from Experiment | and Experiment Il were
subjected to variance analysis (complete randomized design,
two replications) and differences between means were
evaluated by Duncan’s multiple range test using the SPSS
13.0.0.246 for Windows (SPSS, Inc., Chicago, lll., USA). The
results of statistical analysis are shown as mean values +
standard deviation in tables.

RESULTS

Seventy five volatile compounds including eleven
aldehydes, two acids, five alcohols (Table 1), seven aliphatic
hydrocarbons, eight aromatic hydrocarbons, one furan
(Table 2), ten esters, six ketones, six sulphur compounds

(Table 3), and nineteen terpenes (Table 4) were identified
in sucuk samples.

Eleven different aldehyde compounds were identified
and quantified (Table 1). Both fat and fiber level had no
effect on aldehyde profile (P>0,05). Within aldehyde
compounds, 2-methyl-3-phenyl propanal had the highest
peak area and it was followed by hexanal. An increase in fat
level from 10 to 20% increased acetaldehyde amount
which was not statistically significant (P>0.05). On the other
hand, an increase in fiber level caused a slight rise in levels
of pentanal, hexanal, heptanal, 2-methyl-3-phenyl pro-
panal, 2-hexanal and 2-heptenal. In contrast to aldehydes,
only two acids; acetic acid and butanoic acid were identified
(Table 1). Both fiber and fat levels had no effects on acid
profile (P>0.05). Five different alcohols were detected
by solid phase microextraction (SPME) method (Table 1).
Each identified alcohol was not significantly affected by
both fiber and fat levels (P>0.05). The highest peak was
obtained for 4-(1-methylethyl) benzene methanol. Second
highest peak was obtained for ethanol.

Seven aliphatic hydrocarbons were determined in
samples, but these compounds were not affected by fat

Table 1. Aldehyde, acid and alcohol compounds of sucuk produced by using different fat and orange fiber levels

Tablo 1. Farkli yag ve portakal lif oranlari kullanilarak (retilen sucuklarin aldehit, asit ve alkol bilesikleri

Fat Level (%) Fiber Level (%) Fat Level
Compound KI S S x Fiber
10 ‘ 15 ‘ 20 0 ‘ 2 4 Level S
Aldehydes
Acetaldehyde 623 NS | 0.18+0.09a | 0.24+0.15a | 0.45+0.54a | NS | 0.26+0.14a | 0.19+0.17a | 0.41+0.54a NS
Pentanal 742 | NS | 0.40+0.33a | 0.38+0.33a | 0.42+0.28a | NS | 0.29+0.22a | 0.33+0.32a | 0.57+0.31a NS
Hexanal 849 | NS | 0.76+0.56a | 0.80+0.84a | 0.79+0.43a | NS | 0.53+0.28a | 0.63+0.42a | 1.20+0.81a NS
2-Furancarboxaldehyde 902 | NS | 0.01+0.01a | 0.00+0.00a | 0.01+0.01a | NS | 0.01+£0.01a | 0.01+£0.07a | 0.01+£0.07a NS
2-Hexanal 922 | NS | 0.01+0.01a | 0.03+0.02a | 0.03+0.03a | NS | 0.01+0.02a | 0.02+0.02a | 0.03+0.03a NS
Heptanal 955 | NS | 0.38+0.30a | 0.47+0.61a | 0.42+0.34a | NS | 0.27+0.25a | 0.31+0.24a | 0.69+0.57a NS
2-Heptenal 1022 | NS | 0.04+£0.03a | 0.04+0.02a | 0.05+0.04a | NS | 0.03+0.02a | 0.04+0.03a | 0.06+0.04a NS
Octanal 1054 | NS | 0.16+0.14a | 0.44+0.48a | 0.17+0.16a | NS | 0.23+0.21a | 0.32+0.57a | 0.24+0.19a NS
Nonanal 1163 | NS | 0.54+0.15a | 0.54+0.13a | 0.53+0.12a | NS | 0.50+0.16a | 0.50+0.06a | 0.61+0.12a NS
Propanal, 2-methyl-3-phenyl- | 1334 | NS | 2.65+1.03a | 2.30+0.80a | 2.94+1.34a | NS | 2.19+0.59a | 2.45+0.10a | 3.25+1.29a NS
Benzaldehyde, 4-methoxy 1369 | NS | 0.10+0.04a | 0.08+0.04a | 0.10+0.09a | NS | 0.12+0.08a | 0.09+0.04a | 0.07+0.05a NS
Acids
Acetic acid 717 | NS | 2.07£091a | 1.54+0.26a | 1.52+1.03a | NS | 1.76+0.41a | 1.74+0.59a | 1.64+1.29a NS
Butanoic acid 890 | NS | 0.05+0.02a | 0.05+0.02a | 0.04+0.02a | NS | 0.04+0.01a | 0.05+0.07a | 0.05+0.03a NS
Alcohols
Ethanol 539 | NS | 0.35+0.44a | 0.12+0.10a | 0.11+0.10a | NS | 0.26+0.45a | 0.17+0.18a | 0.14+0.08a NS
1-Hexanol 931 NS | 0.03+0.03a | 0.05+0.02a | 0.05+0.03a | NS | 0.04+0.03a | 0.05+0.03a | 0.04+0.03a NS
Benzyl Alcohol 1136 | NS | 0.15+0.06a | 0.12+0.04a | 0.08+0.05a | NS | 0.12+0.03a | 0.12+0.05a | 0.12+0.08a NS
Phenylethyl Alcohol 1211 | NS | 0.22+0.25a | 0.06+0.02a | 0.09+0.04a | NS | 0.15+0.25a | 0.13+0.12a | 0.09+0.04a NS
Ze(?zﬁthyi?ﬁxl 1382 | NS | 2.06+0.70a | 1.23+0.85a | 1.95+0.91a | NS | 2.00:0.81a | 1.63+0.76a | 1.60+1.09a | NS
S: significance, NS: Not Significant; Results are expressed in Arbitrary Area Units (x107%) as means of 3 replicates of each sausage; Kl: Kovats index calculated
for DB-624 capillary column (J & W scientific: 30 m, 0.25 mm id, 1.4 Im film tickness) installed on a gas chromatograph equipped with a mass selective detector
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Table 2. Aliphatic hydrocarbon, aromatic hydrocarbon and furan compounds of sucuk produced by using different fat and orange fiber levels

Tablo 2. Farkli yag ve portakal lif oranlari kullanilarak Giretilen sucuklarin alifatik hidrokarbon, aromatik hidrokarbon ve furan bilesikleri

Fat Level (%) Fiber Level (%) Fat Level
Compound RI S S x Fiber
10 ‘ 15 20 0 ‘ 2 ‘ 4 Level S
Aliphatic hydrocarbons
Hexane 600 NS | 0.19+0.17a | 0.29+0.43a | 0.09+0.11a | NS | 0.23+0.18a | 0.24+0.42a | 0.10+0.18a NS
Heptane 700 NS | 0.03+0.03a | 0.04+0.04a | 0.04+0.03a | NS | 0.03+0.03a | 0.04+0.04a | 0.04+0.04a NS
Undecane 1100 | NS | 0.10+0.10a | 0.07+£0.04a | 0.13+0.18a | NS | 0.18+0.17a | 0.06+0.04a | 0.05+0.03a NS
Dodecane 1200 | NS | 0.10+0.08a | 0.07+0.05a | 0.11+0.04a | NS | 0.13+£0.07a | 0.09+0.04ab | 0.06+0.05b NS
Tridecane 1300 | NS | 0.12+0.06a | 0.10+0.04a | 0.17+0.12a | NS | 0.15+0.06a | 0.11+0.06a | 0.14+0.13a NS
Tetradecane 1400 | NS | 0.11+£0.04a | 0.11+£0.20a | 0.12+0.05a | NS | 0.14+0.03a | 0.11+0.04a | 0.10+0.03a NS
Pentadecane 1500 | NS | 0.17+£0.06a | 0.19+0.02a | 0.19+0.04a | NS | 0.19+0.03a | 0.18+0.05a | 0.18+0.04a NS
Aromatic hydrocarbons
Toluene 789 NS | 0.48+0.49a | 0.29+0.06a | 0.40+0.15a | NS | 0.36+0.15a | 0.35+0.10a | 0.46+0.49a NS
p-Xylene 892 ** 1 0.05+£0.03b | 0.06+0.01b | 0.11+0.04a | NS | 0.08+0.06a | 0.08+0.02a | 0.06+0.01a **
Styrene 933 NS | 0.13+0.05a | 0.10+0.07a | 0.16+0.09a | NS | 0.14+0.10a | 0.16+0.04a | 0.09+0.06a NS
l'e'::;?;"z'“ ‘methylethyll- | 1065 | NS | 671+1.50a | 10.18+3.3% | 10.63+443a | NS | 845:254a | 8.58+351a |1049+475a| NS
Eugenol 1460 | NS | 0.12+0.12a | 0.04+0.03a | 0.06+0.09a | NS | 0.10+0.09a | 0.07+0.10a | 0.06+0.09a NS
b2 allmElie s 1482 | NS | 1.34+0.60a | 0.87+0.60a | 0.97+0.42a | NS | 1.22+0.58a | 0.93+0.43a | 1.03+0.69a NS
(2-propenyl)-benzene
l’e?zeéﬂzxy""“ Propenyl- 434 | Ns | 0.21£0.07a | 0.13+0.10a | 0174007 | NS | 0.20+0.10a | 0.13+0.05a | 0.17+0.09a NS
2-Methoxy-1,3-
s X 1491 NS | 0.06+0.02a | 0.03+0.02a | 0.04+0.02a | NS | 0.05+0.03a | 0.04+0.02a | 0.04+0.02a NS
bis(trimethylsilyl)benzene
Furan
Furan, 2-pentyl- 1021 ‘ NS ‘ 0.05+0.09a | 0.03+0.02a | 0.02+0.02a ‘ NS ‘ 0.02+0.2a 0.02+0.02a | 0.06+0.09a NS
S: significance, NS: Not Significant, ** P<0.01; Results are expressed in Arbitrary Area Units (x107%) as means of 3 replicates of each sausage; Kl: Kovats index
calculated for DB-624 capillary column (J & W scientific: 30 m, 0.25 mm id, 1.4 Im film tickness) installed on a gas chromatograph equipped with a mass selective
detector

and orange fiber levels (P>0.05) (Table 2). On the other
hand, eight aromatic hydrocarbons were detected in all
groups (Table 2). Among these compounds, 1-methyl-2-(1-
methylethyl)-benzene had the highest peak. Only p-xylene
was very significantly (P<0.01) affected by both fat level
and fat x fiber interaction. Only one furan compound was
identified in the samples (Table 2).

Ten ester compounds were identified in samples
(Table 3). None of them were affected by fiber and fat
levels (P>0.05). On the other hand, six ketone compounds
were detected in samples (Table 3) and only 3,5-octadien-
2-one was significantly (P<0.05) affected by interaction
of fat level and fiber level.

A total of six sulphur compounds were identified and
quantified in experimental sucuk samples (Table 3). Only
allyl methyl sulfide was affected very significantly by
fat level (P<0.01) and significantly by orange fiber level
(P<0.05). In contrast, interaction of fat level and fiber level
had no statistically significance (P>0.05).

Terpens were the largest volatile group in the present
study with their nineteen identified compounds (Table

4). B-myrcene had the highest peaks among all terpen
compounds identified in sucuk samples. D-limonene, 3-
carene, linalool and caryophyllene were also standing out
with their high peak areas.

DISCUSSIONS

Biochemical reactions including glycolysis, proteolysis,
lipolysis, autoxidation etc. play an important role in
transformation of meat to fermented meat products.
Volatile compounds resulted from such reactions have
significant impact on characteristic flavor and consumer
acceptance "%, As a result of these reactions and
components of sucuk formulation, seventy five volatile
compounds were identified in experimental samples.
In parallel to our findings, Kaban ' identified ninety-
two volatile compounds in sucuk belonging to different
brands. In addition, forty volatile compounds were also
identified in a different study on sucuk produced with
same starter culture as in our study ™. Besides, Olivares
et al.”! identified ninety five volatile compounds by using
SPME in dry-fermented sausages. These differences in
number and amount of volatile compounds in various
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Table 3. Ester, ketone and sulphur compounds of sucuk produced by using fat and orange fiber levels

Tablo 3. Farkli yag ve portakal lif oranlari kullanilarak Giretilen sucuklarin ester, keton ve stilfiirlii bilesikleri

Fat Level (%) Fiber Level (%) Fat Level
Compound KI S S x Fiber
10 ‘ 15 ‘ 20 0 ‘ 2 4 Level S
Esters
Acetic acid ethenyl ester 639 NS | 0.06+0.08a | 0.06+0.06a | 0.02+0.02a | NS | 0.07+0.09a | 0.05+0.06a | 0.02+0.02a NS
Ethyl acetate 640 NS | 0.28+0.10a | 0.23+0.09a | 0.15+0.14a | NS | 0.24+0.11a | 0.22+0.07a | 0.20+0.17a NS
Butanoic acid, ethyl ester 843 NS | 0.07+0.09a | 0.05+0.05a | 0.02+0.02a | NS | 0.03+0.03a | 0.03+0.02a | 0.07+0.09a NS
Ethyl lactate 867 NS | 0.04+0.05a | 0.06+0.05a | 0.04+0.03a | NS | 0.04+0.05a | 0.05+0.03a | 0.05%0.05a NS
Hexanoic acid, ethyl ester 1024 | NS | 0.06+0.10a | 0.15+0.19a | 0.14+0.22a | NS | 0.09+0.20a | 0.08+0.15a | 0.17+0.17a NS
ggi;i'exadie”mc acid, methyl | 1077 | NS | 0.54+031a | 052£032a | 0.47+035a | NS | 0.60+033a | 046+025a | 047£037a | NS
Hexanoic acid, propyl ester 1126 | NS | 0.43+0.13a | 0.34+0.22a | 0.42+0.16a | NS | 0.39+0.14a | 0.45+0.23a | 0.34+0.13a NS
i’s‘::r'exadie”°ic acid,ethyl | 1154 | Ns | 0.17+0.18a | 0.18£0.16a | 0.13£0.12a | NS | 0.13+0.13a | 0.130.12a | 0.21+0.20a NS
Butanoic acid, hexyl ester 1224 | NS | 0.25+0.11a | 0.26+£0.20a | 0.22+0.16a | NS | 0.26+0.14a | 0.27+0.18a | 0.20+0.16a NS
Octanoic acid, ethyl ester 1239 | NS | 0.06+0.06a | 0.05+0.04a | 0.07£0.03a | NS | 0.06+0.05a | 0.05+0.04a | 0.07+0.06a NS
Ketones
2-Butanone, 3-methyl- 637 NS | 0.06+0.05a | 0.03+0.03a | 0.04+0.03a | NS | 0.04+0.03a | 0.03+0.04a | 0.06+0.04a NS
2-Butanone, 3-hydroxy- 779 | NS | 0.32+£0.08a | 0.24+0.16a | 0.22+0.21a | NS | 0.26x0.17a | 0.26+0.17a | 0.25+0.17a NS
2-Heptanone 948 NS | 0.34+0.58a | 0.03+0.01a | 0.03+0.02a | NS | 0.06+0.05a | 0.07+0.09a | 0.28+0.60a NS
6-Methyl-5-hepten-2-one 1042 | NS | 0.07+0.11a | 0.04+0.01a | 0.04+0.02a | NS | 0.03+0.02a | 0.03+0.02a | 0.07+0.11a NS
3,5-Octadien-2-one 1141 | NS | 0.12+0.11a | 0.13+£0.06a | 0.09+0.10a | NS | 0.11£0.09a | 0.14+0.08a | 0.09+0,11a *
2-Nonanone 1147 | NS | 0.04+0.07a | 0.09+0.08a | 0.05+0.03a | NS | 0.05+0.09a | 0.08+0.05a | 0.04+0.03a NS
Sulphur compounds
Thiirane, methyl 574 NS | 0.17+0.24a | 0.04+0.05a | 0.04+0.07a | NS | 0.11x0.14a | 0.03+0.03a | 0.10+0.23a NS
Sulfide, allyl methyl 731 ** 10.39+0.29a | 0.10+0.08b | 0.12+0.13b * 0.15+0.15b | 0.12+0.13b | 0.34+0.32a NS
1-Propene, 1-(methylthio) 762 NS | 0.05+0.06a | 0.06+0.06a | 0.06+0.06a | NS | 0.07+0.07a | 0.05+0.06a | 0.06+0.05a NS
1-Propene, 3,3'-thiobis- 888 NS | 0.14+0.07a | 0.12+0.10a | 0.09+0.05a | NS | 0.14+0.10a | 0.09+0.05a | 0.11+0.07a NS
Disulfide, methyl 2-propenyl 958 | NS | 0.12+0.09a | 0.09+0.06a | 0.06+0.03a | NS | 0.10+0.03a | 0.07+0.03a | 0.10+0.10a NS
Diallyl disulphide 1139 | NS | 1.27+£0.40a | 0.96+0.25ab | 0.89+0.24b | NS | 1.20+0.32a | 1.01+0.43a | 0.90+0.21a NS

selective detector

S:significance, NS: Not Significant, * P<0.05, ** P<0.01; Results are expressed in Arbitrary Area Units (x107%) as means of 3 replicates of each sausage; KI: Kovats
index calculated for DB-624 capillary column (J & W scientific: 30 m, 0.25 mm id, 1.4 Im film tickness) installed on a gas chromatograph equipped with a mass

dry-fermented sausages can be explained by the
differences in formulation, processing conditions, starter
culture and biochemical reactions taking place during
production [17.18],

Aldehydes are final products of lipid oxidation and
have importance in volatile profile of food products in
which they are present. Because of their low perception
thresholds, aldehydes can affect the aroma even in trace
amounts ", Hexanal was one of the outstanding aldehyde
compound in samples. This compound has fatty, grassy
and fruity odor which is also found in nearly 300 natural
sources including meat, cheese and fruits . Short chain
aldehydes such as acetaldehyde are mostly originated
from carbohydrate metabolism. Besides, some of alde-
hydes shown in Table 1 are probably formed by the

autoxidation of oleic and linoleic acids "%

Acetic acid, had the highest peak area in samples, is
a colorless volatile liquid with its strong vinegar odor 22,
This volatile acid is generally produced by microbial
metabolism ©. Likewise, 4-(1-methylethyl) benzene methanol
and ethanol had the highest peaks, respectively. Within
these alcohols, 4-(1-methylethyl) benzene methanol has an
aromatic, burning taste and intense, caraway-like odor
On the other hand, ethanol is mainly produced by carbon-
hydrate fermentation and catabolism of amino acids,
and lipids are also responsible for its production ',

Aromatic hydrocarbons are important volatile
components for dry-fermented meat products and 1-
methyl-2-(1-methylethyl)- benzene had the highest peak
in current study. In contrast, 1,2-dimethoxy-4-(2-propenyl)-
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benzene was found by Kaban and Kaya ™ in sucuk as the
most abundant aromatic hydrocarbon in terms of peak
area. p-xylene and toluene which were also detected in
samples could be originated from animal feed and from
catabolism of phenylalanine, respectively ™.

2,4-Hexadienoic acid methyl ester and hexanoic acid
propyl ester were detected in high levels in samples. 2,4-
Hexadienoic acid methyl ester has a fruity, sweet, anise
odor. Hexanoic acid propyl ester has an ether-like odor
with a pineapple-blackberry undertone. Moreover, hexa-
noic acid propyl ester is naturally found in some cheeses
and some fruits 2%,

Ketones are formed by B-oxidation and autoxidation
of free fatty acids found in fermented meat products .
3,5-octadien-2-one was the only ketone compound which
was affected by interaction of main variation sources
(fiber and fat). This compound has a pungent, herbaceous
odor and soluble in fats. It's aroma and taste threshold
values are 0.15 ppm (in water) and 1.0 ppm, respectively 2%,
3-hydroxy,2-butanone was another significant ketone
compound found in samples. This compound known as
acetoin is a yellowish liquid with a bland, woody, yogurt
odor and a fatty creamy “tub” butter taste ?%. 3-hydroxy,2-

butanone is also known to be produced by fermentation
of sugars by lactic acid bacteria "?. Similar ketones were
also found in commercial sucuk samples but in low
proportions 7,

Diallyl disulphide was the significant sulphur compound
in sucuk samples. This compound is the characteristic
garlic odor 2 and sulphur compounds are probably
originated from garlic. Garlic is one of the main ingredient
used in sucuk production 7,

Terpenes are important share in volatile profile of
sucuk. As indicated by Kaban and Kaya Mand Kaban 7,
sucuk contains higher level of terpens originated from
spices. B-myrcene which is known for its pleasant, sweet,
balsamic, plastic odor % was one of the terpenes with
its higher peak. D-limonene, 3-carene and caryophyllene
were also outstanding among these nineteen terpenes
detected in the study. D-limonene, 3-carene and caryo-
phyllene are some of the major compounds found in
essential oil of black pepper . D-limonene is known as
the most important and widespread terpene and has a
pleasant, lemon-like odor. 3-carene is colorless or very
pale-yellow liquid oil. Linalool has a typical nice floral
odor. Caryophyllene’s three different isomers are found in

Table 4. Terpene compounds of sucuk produced by using different fat and orange fiber levels

Tablo 4. Farkli yag ve portakal lif oranlari kullanilarak Giretilen sucuklarin terpen bilesikleri

Fat Level (%) Fiber Level (%) Fat Level
Compound Kl S S x Fiber
10 ‘ 15 ‘ 20 0 ‘ 2 ‘ 4 Level S

Terpenes
alpha-thujene 944 * 0.23+0.05b | 0.34+0.04a | 0.26+0.06b NS 0.26+0.08a | 0.27+0.06a | 0.29+0.07a NS
a-pinene 957 NS 0.60+0.07a | 0.63+0.10a | 0.61+0.13a NS 0.64+0.09a | 0.62+0.09a | 0.59+0.11a *
Camphene 970 NS 0.04+0.02a | 0.05+0.01a | 0.04+0.02a NS 0.06+0.03a | 0.04+0.01a | 0.03+0.01a NS
B-pinene 988 NS 0.86+0.83a | 0.75+0.81a | 0.77£0.79a NS 0.83+0.88a | 0.71+0.78a | 0.83+0.76a NS
-myrcene 1005 NS 5.92+2.34a | 7.05+3.07a | 6.97+4.95a NS 7.35+3.81a | 6.16+4.48a | 6.43+2.20a NS
a-phellandrene 1019 NS 0.72+0.22a | 0.86+0.29a | 0.61+0.55a NS 0.68+0.29a | 0.92+0.45a | 0.58+0.32a NS
3-carene 1026 NS 1.82+0.18a | 1.98+0.45a | 2.04+0.72a NS 2.15+0.57a | 1.89+0.61a | 1.79+0.13a NS
D-limonene 1054 NS 2.35+0.82a | 3.36+1.03a | 3.33%£1.99a NS 2.98+1.34a | 3.11+1.93a | 2.94+0.98a NS
B-phellandrene 1065 NS 0.58+0.11a | 0.66+0.14a | 0.58+0.37a NS 0.59+0.25a | 0.67+0.25a | 0.57+0.19a NS
o-cymene 1070 NS 0.44+0.20a | 0.43+0.17a | 0.43+0.32a NS 0.52+0.23a | 0.42+0.24a | 0.37+0.20a NS
a-carene 1114 NS 0.05+0.05a | 0.08+0.02a | 0.06+0.05a NS 0.07+0.05a | 0.06+0.04a | 0.07+0.05a NS
Linalol 1161 NS 1.10+£0.19a | 1.13+0.35a | 0.91+0.50a NS 1.20+0.27a | 1.05+0.25a | 0.88+0.49a NS
p-cymene 1138 NS 0.21+0.04a | 0.23+0.06a | 0.24+0.05a NS 0.23+0.06a | 0.02+0.05a | 0.23+0.05a NS
4-terpineol 1240 NS 0.18+0.12a | 0.12+0.09a | 0.05+0.08a NS 0.10+0.11a | 0.11+0.09a | 0.14+0.13a NS
a-terpineol 1267 NS 0.19£0.10a | 0.08+0.07a | 0.13+0.13a NS 0.13+0.12a | 0.11+£0.08a | 0.15%0.14a NS
Carvacrol 1428 NS 0.06+0.03a | 0.06+0.03a | 0.04+0.01a NS 0.06+0.02a | 0.06+0.04a | 0.04+0.02a NS
Copaene 1433 NS 0.36+0.05a | 0.26+0.09b | 0.35+0.10a * 0.40+0.07a | 0.28+0.07b | 0.29+0.08b NS
B-elemene 1453 NS 0.11+0.08a | 0.09+0.07a | 0.12+0.08a NS 0.15+0.10a | 0.10+0.06a | 0.07+0.05a NS
Caryophyllene 1495 NS 2.89+1.11a | 2.39+0.90a | 2.98+0.85a * 3.56+0.77a | 2.61+0.55ab | 2.09+0.90b NS

S: significance, NS: Not Significant, * P<0.05; Results are expressed in Arbitrary Area Units (x107°) as means of 3 replicates of each sausage; Kl: Kovats index

calculated for DB-624 capillary column (J & W scientific: 30 m, 0.25 mm id, 1.4 Im film tickness) installed on a gas chromatograph equipped with a mass selective

detector
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nature. Furthermore, 1R-alpha-pinene, another terpene
found in samples, has a characteristic odor of pine 2%,

Fat is a major component in dry-fermented sausages
and has an important role both in development of textural
parameters and sensory properties of dry-fermented
sausages. It is known to be effective in volatile compound
formation in such products. But taking into consideration
of sucuk samples produced in current study, effects of
different fat levels did not appear well, maybe due to
the short ripening time of nine days. Thus, extending
the ripening time with different fat levels may reveal
more information about the exact role of fat in aroma
formation in sucuk. On the other hand, orange fiber had
little impact on volatile compound profile of sucuk. This
result may be explained by processing steps applied in
orange fiber production. Because of several washing
steps and pasteurization process, many important volatile
compounds could be moved away from the fiber. It could
be suggested that sucuk samples with orange fiber has
similar volatile profile with traditional one.
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Abstract

Aglepristone is an antiprogestin using for pregnancy termination in veterinary medicine. The information about side effects of
aglepristoneis limited. The aim of the study was to investigate cytotoxicity and genotoxicity of aglepristone in mid-gestation pregnancy
termination in rabbits. Fifteen New Zealand White rabbits were used and pregnant does were randomly divided into three groups.
Group | (n=5) was treated with saline as the control. The does in group Il (n=5) and group Ill (n=5) were treated with aglepristone (10
mg/kg) on 15" day and 15"-16" days of pregnancy, respectively. The rabbits were sacrificed by guillotine 24 h after last treatment.
Bone marrow and blood samples were immediately collected. Cytotoxic and genotoxic potential were tested by micronucleus and
Comet assays. No genotoxicity and cytotoxicity were found in micronucleus test with single aglepristone administration. In contrast,
two consecutive treatments of aglepristone showed high genotoxic and cytotoxic effects on bone marrow in animals. While comet
assay of blood samples did not show any significant difference between groups; the results from comet assay of bone marrow cells
showed the single injection of aglepristone did not induce any DNA damage but two injections group increased the DNA damage.

Keywords: Aglepristone, Cytotoxic, Genotoxic, Micronucleus test, Comet assay

Tavsanlarda Orta Donem Gebelikleri Sonlandirilmasinda
Kullanilan Bir Progesteron Antagonisti Olan Aglepriston’un
Genotoksik ve Sitotoksik Etkileri

Ozet

Aglepriston, veteriner hekimlikte gebeliklerin sonlandiriimasinda kullanilan bir antiprogestindir. Aglepriston’'un yan etkileri ile
ilgili bilgiler sinirhdir. Calismamizin amaci; orta gebelikte gebelidi sonlandirilan tavsanlarda aglepriston’'un potansiyel sitotoksik ve
genotoksik etkilerinin arastiriimasidir. Calismada 15 Yeni Zelanda beyaz tavsani kullaniimistir ve gebe tavsanlar rastgele ti¢ gruba ayrild.
I. Grup (n=5) kontrol grubu olarak tuz ¢ozeltisi ile muamele edildi. Il. Grup (n=5) gebeligin 15. glintinde aglepriston (10 mg/kg) enjekte
edilen Ill. Grup (n=5) ise gebeligin 15. ve 16. giinlerinde aglepristone enjekte edilen gruptu. Tavsanlar son enjeksiyonlardan 24 saat
sonra giyotin ile sakrifiye edilerek hizl bir sekilde kemik iligi ve kan 6rnekleri alind.. Sitotoksik ve genotoksik potansiyel mikrogekirdek
ve komet yontemleri ile arastirildi. Tek aglepriston uygulamasi ile gebelidi sonlandirilan tavsanlarda mikrogekirdek testi ile herhangi
bir sitotoksik ve genotoksik etki belirlenemedi. Bunun tersine iki aglepriston uygulanan tavsanlarin kemik iligi hiicrelerinde yiiksek
sitotoksik ve genotoksik etki belirlendi. Komet yonteminde kullanilan kan érneklerinde gruplar arasinda bir fark belirlenemedi. Kemik
iligi hicrelerinin kullanildigi komet yonteminde tek enjeksiyon grubunda herhangi bir DNA hasari belirlenmemesine ragmen cift
enjeksiyon grubunda DNA hasarinin arttigi belirlendi.

Anahtar sozciikler: Aglepriston, Sitotoksik, Genotoksik, Mikrogekirdek testi, Komet yontemi
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INTRODUCTION

Aglepristone, developed as antiprogestin, has high
potential activity in blocking action of progesterone in
veterinary therapy. Anti-progesterone activity of the
synthetic steroid has been clinically tested in small animal
veterinary practices. Based on the clinical experiences,
aglepristone can be safely used in specific situations such
as termination of unwanted pregnancies, induction of
parturition, treatment of pyometra and fibroadenomatosis
in dogs and cats "%, The successful clinical features in
induction abortion during mid-gestation and implantation
have been thoroughly investigated in rabbits 7.
Progesterone antagonists have similar structure and show
high binding affinity to the receptor with hydrophobic
side chain at C17. The administration of aglepristone
leads conformational changes leading to a suppression
of transcription at additional aromatic ring at C11 with a
dimethyl-amino group, resulting incomplete signaling
cascade and non-biologic effect of progesterone 1011,

In general, in vivo genotoxicity test systems contain
micronucleus (MN) and comet tests in experimental
rodent models 2. Micronuclei arise from chromosome
breakage (a result of clastogenic activity) or lagging
chromosomes (due to aneugenic activity) in the anaphase
stage of cell division. Generally, mammals may produce
spontaneously micronucleated cells at background level
and their presence might increase when organisms are
exposed to genotoxic compounds "', MN test can be
conducted from peripheral blood samples, liver and bone
marrow '8 Especially, MN tests are carried out on bone
marrow samples in adult rabbits, because the spleen
quickly removes damaged micronucleated erythrocytes
from the peripheral blood . DNA damage can be
detected by embedding single cells in agarose gel
and staining with a fluorescent-DNA binding dye after
electrophoresis, named single-cell gel electrophoresis
(comet assay) method 2%,

Mifepristone, lilopristone and onapristone are the
counterparts of aglepristone. There is no information
about the genotoxicity of mifepristone but lilopristone
and onapristone were studied with negative results 2. On
the other hand, many exogenous hormonal steroids may
cause genotoxic or cytotoxic effects and chromosome
breakage 2. Some natural estrogens, estradiol and
estrone and medroxyprogesterone group of synthetic
progestins with cyproterone acetate are prominent
examples that are gene mutation or genotoxic activity in
different tests #2.

To our knowledge, there is no information available
about the toxicity of aglepristone. So the objective of this
study was to investigate possible genotoxic or cytotoxic
effects of aglepristone by MN test and comet assay in mid-
gestation termination in does.

MATERIAL and METHODS

Study Design and Animals

Fifteen healthy, 12 months old, New Zealand White
rabbits weighing 2.800-3.400 g were housed individually
under day-light conditions. All does were fed a standard
commercial dry food once (5 g/100 g BW) daily and given
water ad libitum. Approval of the Ethical Committee of
the Uludag University for using the animals was obtained
(2013-01/06). The does were brought to a cage of a fertile
buck and the first mating was observed. Next day after
mating was recorded as first day of pregnancy. Pregnancy
confirmation was carried out by ultrasonographic
examination (5-7.5 MHz linear array transducer; Siemens
Sonoline Prima, Siemens Medical System, USA) on day
14 after mating. The does were examined in dorsal
recumbency in order to detect gestational sacs and fetal
heart beats. The pregnant does were randomly divided
into three groups. Pregnant does in group | (n=5) were
injected the same volume of 0.9% sodium chloride solution
(Eczacibasi, Baxter, Turkey) whereas the animals in group
Il (n=5) and group lll (n=5) were treated with aglepristone
at a dose of 10 mg/kg (Alizin®Virbac, Germany) once on
day 15 post-mating and twice on days 15 and 16 post-
mating, respectively.

Micronucleus Test

Micronucleus test was used for the detection of genetic
damage that probably induced by compounds 3. The
rabbits were sacrificed by guillotine. Femur was immediately
removed from animals with forceps and scissors and bones
were cleaned off adhering tissues. The epiphysis of femur
was dissected; bone marrow was taken from medullar
canal and placed in 2 ml fetal bovine serum. Then bone
marrow was thoroughly mixed to obtain a fine suspension
and centrifuged at 1000 rpm for 5 min. The pellet was
then re-suspended in fresh bovine albumin and smears
were prepared on clean glass slides. The smear slides were
kept dark for overnight, stained with May-Gruenwald and
Giemsa at pH 6.8. For the determination of the frequency
of micronucleated polychromatic erythrocytes (MNPCEs),
1000 polychromatic erythrocytes (PCEs) per animal were
analyzed by light microscopy. Cytotoxicity was assessed
by scoring the relative proportion of polychromatic
erythrocytes (PCE) and normochromatic erythrocytes
(NCE). This ratio was determined by counting a total of
2000 erythrocytes for each animal.

The Single-cell Gel Electrophoresis (Comet) Assay

Rabbit bone marrow was taken from medullar canal
from both femur and suspended in chilled PBS; blood
sample was taken from ear vein and suspended in PBS. The
cell suspensions were then mixed with an equal amount of
1% low melting agarose and the slides were prepared 4.
The slides were kept overnight at 4°C in lysis solution (2.5
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M NaCl, 100 mM Na,EDTA, 10 mMTris (pH 10), with 1%
Triton X-100 (added just before use). Slides were subjected
to DNA unwinding for 20 min and then electrophoresis
was performed at 0.7 V/cm and 300 mA at 4°C for 25 min
in freshly prepared electrophoresis buffer (1 mM EDTA
sodium salt and 300 mM NaOH). After electrophoresis the
slides were neutralized with Tris buffer and were stained
with 20 pg/ml ethidium bromide. Slides were scored at a
final magnification of 400x using an image analysis system
(Microsystem®, Istanbul, Turkey) attached to a microscope
(Nikon Eclipse 80i) equipped with a fluorescence
attachment of a CCD camera. The comet parameters were
used to measure DNA damage in the cells was Olive Tail
Moment (OTM), tail DNA (%) and tail length (um). Images
from 100 random cells (50 from each replicate slides) were
analyzed for each experiment.

Statistical Analysis

Data are expressed as mean + SEM (standard error of the
mean) in all cases. Five rabbits were tested in each group.
Data were analyzed using one-way ANOVA followed by Tukey
test. A P value of less than 0.05 was considered significant.

RESULTS

The means, standard errors, and significance of the

MNPCE and PCE/NCE frequencies were given in Table 1
and photographic presentation of micronucleated poly-
chromatic erythrocyte was shown in Fig. 1. When single
aglepristone injected rabbits (Group 1) was compared with
the control (Group 1), no significant differences (P>0.05)
were observed in the number of MNPCE and PCE/NCE
ratio. Two consecutive injections of aglepristone (Group IlI)
resulted significantly higher MNPCE number (P<0.0001)
and lower PCE/NCE ratio (P<0.0001) compared with
control animals. When animals in Group Il were compared
with the animals in Group llI, significant differences
were observed in the number of MNPCE (P<0.0001) and
ratio of PCE/NCE (P<0.001).

The comet assay results were presented in Table 2 and
photographic presentation of slides were shown in Fig. 2.
There was no significant difference in single aglepristone
injected group (Group Il) compared with control group
(Group I) for OTM, tail % DNA and tail length results
(P>0.05). Two injections group (Group Ill) were shown
statistically significant elevation of OTM (P<0.0001), tail %
DNA (P<0.0001) and tail length frequencies (P<0.0001).

DISCUSSION

In the present investigation, no genotoxicity and cyto-
toxicity were detected in MN test with single aglepristone

Table 1.Genotoxic and cytotoxic effect of aglepristone in micronucleus test

Tablo 1. Aglepristone’nin mikrogekirdek testindeki genotoksik ve sitotoksik etkileri

Groups n MNPCE NCE/PCE
Group | 5 5.80+2.79 0.98+0.40
Group Il 5 7.40+3.06 0.92+0.38
Group Il 5 15.80+6.55 2P 0.75+0.32 ¢

One pregnant rabbit per treatment; data are expressed as mean + standard error; n: number of
rabbits; MNPCE: micronucleated polychromatic erythrocytes; PCE: polychromatic erythrocytes; NCE:
normochromatic erythrocytes; @ P<0.0001 vs. Group I; ® P<0.0001 vs. Group II; < P<0.01 vs. Group Il

(S

O

Fig 1. Photographic image of example of MN test under light
microscopy (x100 magnification). Arrow indicated a MN in
PCE in Group Il (single injection group)

Sekil 1. Isik mikroskobualtinda (X100) MN testi 6rneginin
fotografik gorseli. Ok Grup Il (tek enjeksiyon grubu)'de PCE
icerisindeki MN'yi isaret etmektedir
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Table 2. DNA damaging effect of aglepristone in comet assay

Tablo 2. Aglepristone’nin komet yéntemindeki DNA hasar etkileri

Group | Group Il Group Il
Statistical Data 5 q . q . .
Tail Length Tail % o™ Tail Length Tail % o™ Tail Length Tail % oT™
(pm) DNA (um) DNA (pum) DNA
Mean® 7.81 6.90 0.39 7.82° 7.39° 0.45° 26.20° 17.4° 3.84°
SE 0.17 0.31 0.02 0.17 0.35 0.02 0.56 0.49 0.16
Mean®t 10.07 5.13 0.175 10.22 5.382 0.21° 10.432 5.39° 0.21°
SE 2.95 1.74 0.143 297 3.01 0.26 2.68 1.78 0.09
One pregnant rabbit per treatment; data are expressed as mean + standard error; OTM: Olive Tail Moment; SE: Standard Error; BM: Bone Marrow; BL:
Blood; @ P>0.05 vs. Group I; ® P<0.0001 vs. Group |

C

administration (Group II) whereas two consecutive
injections of aglepristone (Group Ill) showed high geno-
toxic and cytotoxic effects on bone marrow in mid-
gestation pregnancy termination in rabbits. No such
differences were found between rabbits in control rabbits
(Group 1) and those treated once with aglepristone (Group
Il). Additionally, the comet assay results showed the single
injection of aglepristone did not induce any DNA damage
in bone marrow cells but two injections group increased
the DNA damage according to OTM, tail % DNA and tail
length frequencies significantly. Finally, comet assay
results from blood samples did not show any significant
difference between all groups.

The efficiency of aglepristone had been investigated
in many species but no serious side effects or transient
adverse effects after applications were reported '\, The
prominent side effects were noted as a short non-receptive
period and irregular mating behavior after abortion, short
time decrease in food consumption and the tendency
of increase of some hematologic parameters during
abortion duration in rabbits 7. Such side effects had also

Fig 2. Photographic image of example of
comet assay under fluorescence microscopy
(x20 magnification). a- Group | (control),
b- Group Il (single injection group), c- Group
Il (double injection group)

Sekil 2. Floresans mikroskop altinda (x20)
komet yontemi 6rneginin fotografik gorseli.
a- Grup | (Kontrol), b- Grup Il (Tek enjeksiyon
grubu), c- Grup Il (Cift enjeksiyon grubu)

been reported in dogs and cats but the reason of these
unwanted effects remains unclear *>?, No information is
available about the genotoxicity of aglepristone in vitro or
in vivo. Other important antiprogestins are mifepristone,
onapristone and lilopristone which exhibit a high chemical
similarity with aglepristone. No clastogenicity and no geno-
toxic effects of these anti-progesterone compounds had
been found ?'?2, There is no information on mifepristone;
on the other hand lilopristone and onapristone have
been shown to be inactive in gene mutation tests ¢,
In this sense, the current study provides an important
contribution to the literature with investigating potential
genotoxic and cytotoxic profile of aglepristone.

Micronucleated erythrocytes could be spontaneously
produced in peripheral blood in mammals but the
frequency of erythrocytes might increase when they meet
any genotoxic compounds 3. Bone marrow samples are
used for MN tests in rabbits, as micronucleated erythrocytes
are removed by spleen from peripheral blood . In our
study two consecutive injection of aglepristone showed
increased frequency of micronucleus in bone marrow of
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rabbits. The elevation in the incidence of MNPCE in bone
marrow results from chromosome damage in a short
period of time and this allow us to evaluate short time
exposure to chemicals . It was also reported that binding
affinity of the compounds could vary between species so
it was suggested that the effects of antiprogestins must
vary depending on receptor expression, the affinity to the
receptor and the dose applied "%, This could be connected
with our results; high genotoxic, cytotoxic effects and DNA
damage on bone marrow of two aglepristone applications.
But the only one application of aglepristone cannot be
effectively used in treatment of any pathologic case or
pregnancy termination. General usage for termination
the pregnancy in rabbits is double administration of
aglepristone (10 mg/kg each dose) for a final concentration
of 20 mg/kg. One of the limitations of our study is being
not to investigate a dose of 20 mg/kg of aglepristone as a
single dose. We choose a two consecutive administration
in accordance with clinical use.

Aglepristone is recommended to use twice sub-
cutaneous injection with a 24 h interval precisely. In the
therapy of some pathologic cases such as pyometra,
fibroadenomatous hyperplasia, more than two applications
are used to cure effectively 23, So we cannot recommend
one application of aglepristone in order to minimize the
genotoxic, cytotoxic effects and DNA damage. Uncontrolled
reactive oxygen species (ROS) which is generated as
a by-product of normal mitochondrial activity causes
severe DNA damage response in aerobic cells. Cellular
responses are described as the alterations in the cellular
redox state during hypoxia or oxidative stress 2%, Super-
oxide dismutase (SOD), reduced glutathione (GSH) and
malondialdehyde (MDA) are important intracellular anti-
oxidants and they are used as markers for detecting
severity of oxidative stress %%, These important markers
were measured by our working group in mid-pregnancy
termination in rabbits previously . Marked increase of
MDA after two injections of aglepristone were found and
this result was statistically significant from one injection
of aglepristone and control group. On the other hand
contrary decrease had been detected in SOD and GSH in
both aglepristone groups which are statistically significant
compared to control group. The detected decrease in GSH
after two injections of aglepristone was also significant
from other two groups B'. According to these results we
speculated that the application of aglepristone on two
consecutive days in abort induction could both trigger
oxidative stress and change antioxidant enzyme activities
in rabbits. Therefore, as an extension to our previous study,
in the current study, aglepristone induced DNA damage
on bone marrow of two injection group of rabbits and this
was not seen in peripheral blood cells B High level of ROS
in a cell could increase the level of DNA damage 52, We
could also explain aglepristone induced DNA damage via
the increased ROS level. The contradictory results between
blood and bone marrow comet assays are interesting. We

already know that the genotoxicity in blood cells reflects
long term exposure to clastogenic chemicals unlike the
bone marrow genotoxicity situation ", It has also been
suggested in the report of Vasquez 53 that the in vivo comet
assay from different tissues may show varied results. Thus
aglepristone induced DNA damage in bone marrow cells
may reflect short term effects with double dose treatment.

In conclusion the present study show the feasibility of
bone marrow MN and comet assays in rabbits to determine
the potential genotoxicity of aglepristone administered for
abortion. The use of the aglepristone for abortion in small
animals proved promising at single lower doses, however,
long-term studies would be required to understand the
carcinogenic effects for this compound.
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Abstract

TheThrace, whichis Turkey’s European part as well as the adjoining parts of Southern Bulgaria and north-east Greece has a strategicimportance
for being a vaccination buffer zone for Europe as declared by FAO in 1999. The objective of the study was to better understand the occurence of
MAP in this animal disease free area of Turkey by applying F57 Real time PCR assay and /S900 nested-PCR. In this study, 270 feces samples from
the dairy cattles over 2 years old in 30 randomly selected dairy farms, 45 raw milk samples from each of the bulk tanks belonging to these dairy
farms and the villages located in Thrace were collected. Nine fecal samples were used to create the pooled fecal sample for a dairy farm before
performing DNA extraction. All the samples were initially subjected to a F57-Real time PCR analysis, and subsequently an insertion sequence
1S900 nested-PCR was performed to verify the results. However, the results revealed that MAP genom could not be detected in any pooled fecal
and milk samples. In conclusion, the occurrence of MAP in this part of Turkey may likely be very lower than the capability of the detection limit
of the used Real time PCR assay. Furthermore, the results once more confirmed the difficulty of MAP detection in asymptomatic animals and
milk samples by performing PCR technique only.

Keywords: Mycobacterium avium subsp. paratuberculosis, Real time PCR, Nested-PCR, Feces, Milk

Turkiye Trakya Bolgesindeki Siit isletmelerinden Toplanan
Fekal ve Cig Siit Orneklerinde Mycobacterium avium subsp.
paratuberculosis (MAP) Incelemesi

Ozet

Trakya Turkiye'nin Avrupa topraklarinda olup, Giliney Bulgaristan ve Kuzeydogu Yunanistan sinirlarinin kesistigi bir bolgedir. FAO 1999 yilinda
bu bolgeyi zoonozlari erken dnlemek bakimindan stratejik &nemi olan Avrupa asilama tampon bdlgesi olarak duyurmustur. Mycobacterium
avium subsp. paratuberculosis (MAP) varligi Trakya'da net sekilde anlasilamamistir. Bu calismada zoonozlardan ari olarak kabul edilen Trakya'da
MAP varligini F57 Real time PCR assay ve /S900 nested-PCR yontemlerini uygulayarak incelemek amaglandi. Arastirmada, rastgele secilen 30
adet sit isletmesinde 2 yas ve Uzeri sigirlardan 270 adet fekal 6rnek ile bu isletmelerin ve bulunduklari kdylerin st toplama tanklarindan 45
adet cig siit érnekleri toplandi. Bir siit isletmesini temsilen 9 adet fekal &rnek tek havuz 6rnek olacak sekilde karistirildi. Orneklerden DNA
izolatlar elde edildi. izolatlara F57-Real time PCR assay uygulandi. Elde edilen sonuclarin IS900 nested-PCR yéntemi kullanilarak dogrulamasi
yapildi. Sonug olarak, havuz fekal 6rnekleri ve ¢ig st 6rneklerinde MAP genomu tespit edilmedi. Trakya bolgesinde MAP varliginin F57-Real
time PCR ydnteminin tespit sinirinin altinda kaldigi sonucuna varildi ve asemptomatik hayvanlar ve sit 6rneklerinde yalnizca PCR yontemi ile
MAP tespitinin zorlugu dogrulanmis oldu.

Anahtar sozciikler: Mycobacterium avium subsp. paratuberculosis, Real time PCR, Nested-PCR, Fekal, Stit

characterized by severe symptoms such as diarrhoea,
reducing milk production and weight loss 2. During a

INTRODUCTION

Mycobacterium avium subsp. paratuberculosis (MAP)
is the causative agent of paratuberculosis called Johne’s
Disease (JD), which is an infectious, chronic, and granulo-
matous enteropathy of the ruminants providing milk and/
or meat as food source for human consumption . JD is

long pre-clinical period more than 2 years it persists and
multiplies in subepithelial macrophages to lead to a
chronic transmural inflammatory reaction. This pathogen is
periodically shed in feces, milk and semen of MAP infected
dairy cattles 4,
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Although a causal link between MAP and Crohn’s
disease (CD) has not been proved, MAP may be involved in
CD in humans, and unfortunately no cure for CD is currently
known 7, The incidence rates for CD in some European
Countries (EU) were given as 5.2/10°in Germany, 6.4/10°
in France, 2.3/10°in Italy, and 5.9-11.7/10° in England,
respectively ®. In an epidemiological study conducted in
Turkey the incidence of CD was found to be 1.4/10° while
its prevalence was estimated as 7.7%, which was higher
than in Asia but lower than in Europe .,

The importance of food as a source of exposure to MAP
has been assessed by many research groups. Milk and dairy
products might be a likely food source for human exposure
to MAP as well as a direct contact to the MAP infected
animal %", The MAP occurrence in milk worldwide was
estimated to be 1-3% "2, Thus, exposure of humans to
MAP should be minimized as a precautionary measure '3,
Due to this fact, the EU has compulsorily developed
effective control programs for monitoring it ',

The epidemiological situation of MAP in Turkey has
not been well-understood. A study in 1968 indicated that
sheeps in izmit-Turkey were infected with MAP. This result
was followed by another study performed for goats "%
Towards 2000, MAP was initially found in goats "¢, Sub-
sequently, mycobacterial DNA in milk samples of 500
dairy cows in Elazi§ was detected by a polymerase chain
reaction (PCR) based on 1S900 """, A recent study for the
dairy cattles in Usak-Turkey showed that MAP prevalence
was ranged between 9.5-17.0% in feces whereas it was

between 5.5-17.5% in milk samples [®. In Kars-Turkey the
sero-prevalence of subclinical paratuberculosis in the
cattles was found to be 3.5% while it was 41.6% in farms '),

Culture-based methods are time-consuming as well
as having insufficient effectiveness of decontaminating
methods. On the other hand, it still holds the advantage
of specificity for MAP detection 2%, Recently, molecular-
based methods such as PCR has become important for the
evaluation of MAP-infected animals and the products of
animal origin instead of using culture-based methods as
well as immuno-based diagnosis ",

The objective of the study was to investigate the
occurence of MAP in pooled fecal and bulk milk samples
collected from the Thrace, which is considered to be the
animal disease free area of Turkey by using F57 Real time
PCR and /S900 nested-PCR assays.

MATERIAL and METHODS

Sample Collection

In this study, 2 dairy farms per village, a total of 30
dairy herds from 15 villages in Thrace were randomly
selected. From October 2011 to December 2011, 270 fecal
samples from 9 cattles over 2 years per a farm and 45 bulk
milk samples from the dairy farms and the villages were
collected (Table 1). All samples were placed into sampling
bags, and immediately transported to the laboratory in a
container at 4°C for sample preparation.

Table1. Sampling data
Tablo 1. Numune bilgileri

Distribution of Collected Samples

Name of Village No of Herds M Ca_ttle LD An_imals . :
Population > 2 years in herd No of Fecal No of Bulk Milk | No of Bulk Milk Samples
Samples Samples from Bulk Milk

Bahcekoy 2 35 20 (57.1%) 18 2 1
Camlica 2 44 22 (50%) 18 2 1
Cobangesme 2 70 34 (48.6%) 18 2 1
izzetiye 2 34 18 (52.9%) 18 2 1
Karahisar 2 54 32 (59.3%) 18 2 1
Karasati 3 102 53 (51.9%) 27 3 1
Karlikdy 2 51 28 (54.9%) 18 2 1
Kilickdy 1 200 60 (30%) 9 1 1
Kuiclikdoganca 1 24 11 (45.8%) 9 1 1
Lalacik 2 50 25 (50%) 18 2 1
Orhaniye 3 92 53 (57.6%) 27 3 1
Pasayigit 2 38 22 (57.9%) 18 2 1
Pirnar 3 94 44 (46.8%) 27 3 1
Sigilli 1 22 10 (45.4%) 9 1 1
Tarkmen 2 130 85 (65.4%) 18 2 1
Total 30 1040 517 (49.7%) 270 30 15
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Number of Dairy Farms

Minimum number of the herds to be sampled was
calculated as 30 ?2. The criteria for decision were selected
to be an expected herd level-prevalence of 0.80 (EU
prevalance of MAP in herds), a maximum acceptable
error rate of 0.10, a probability of Type | error of 0.05 and
Z statistic for a level of confidence of 1.96 were choosen,
respectively.

Number of Animals

Minimum number of the animals to be samples
was taken as 270 2223 The criteria was decided to be an
expected animal level prevalence proportion of 0.05,
Z statistic for a level of confidence of 1.96, precision of
0.025 3, The average number of animals per dairy farm
was directly obtained as 9.

Extraction Procedure of DNA from Pooled Fecal and
Bulk Milk Samples

Approximately 2 g from each of 9 fecal samples per
herd was put into a clean tube for pooling, i.e. a total of 18
g pooled mixture (9 randomly selected fecal samples/pool;
1 pooled sample/herd). It was homogenized for 5 min by
vortexing (Daihan Scientific, South Korea). Then, 1.5 g of
pooled feces was mixed with 5 ml of Roche S.T.A.R Buffer
Solution in a 15 ml falcon tube followed by vortexing
for 30 s (Daihan Scientific, South Korea). The tubes were
allowed to stand at room conditions till a clear supernatant
is observed. Following that 200 uL of this supernatant
was transferred to a 2 ml Eppendorf tube, in which 200 pl
of Roche Lysozyme was. Finally, it was incubated at 37°C
for 1 h in an incubator (Binder, Germany). In a similar
way, 10 ml of bulk milk sample were pippetted into a 15-
ml falcon tube. It was centrifuged at 2.500 xg for 30 min
(Hettich, Germany). The pellets were resuspended in 200
pl of Roche Lysozyme, well-mixed by vortexing, following
that incubated at 37°C for 1 h. DNA isolation was made
according to GENESpin DNA Isolation Kit protocol (Eurofins
GeneScan GmbH, Germany). Then, eluted DNA was kept
at 4°C for direct use or at —20°C for further processing.

F57 Real-time PCR Application

The kit procedure of MAPsureEasy® (TransMIT GmbH,
Germany) was followed. F57 Real time PCR analysis was
performed in a 96-well plate format on Agilent Stratagene
Mx3000P Real-time PCR (Stratagene, USA). A 5 pl aliquot
of DNA was mixed with 20 pl of Master Mix (12.5 pl of
gPCR Master Mix, 1 pl of MAP Oligonucleotid Mix, 1 pl
of IAC Solution and 5.5 ul of A. dest). HEX fluorescence
was selected because its emission peaks do not extend
over each other due existence of inhibitory impurities in
feces matrix. FAM was used for IAC. Thermal processing
parameters were adjusted as 1 cycle at 95°C for 15 s and
45 cycles at 60°C for 1 min. Reference strain ATCC 19698
as positive control, DNA of a non-MAP mycobacteria as

negative control as well as a master mix blank control were
included. Each measurement was performed in duplicate
with /1S900 nested-PCR method by using primers and PCR
conditions 4, Threshold cycle (C,) of the assay C; < 40 was
accepted to be positive in MAP 2],

Determination of Detection Probability

The detection limit of Real-time PCR assay was initially
determined by analyzing serial dilutions including MAP
reference strain ATCC 19698. Subsequently, the inoculum
for spiking was prepared by inoculating 10 ml Middlebrook
7H9 broth (Difco Laboratories, Germany) containing 10%
OADC supplement (Becton-Dickinson, Germany), 2 ug/
mL mycobactin J (Allied Monitor, USA), 0.05% Tween 80
(Sigma-Aldrich, Germany) and 2.5% glycerol with a colony
of the reference strains of MAP from a slant of Herrold’s
Egg Yolk Medium (BD HEYM, Germany). MAP reference
strains were grown in a shaker incubator for 6-8 weeks
at 37°C. Broth cultures were centrifuged at 2500 x g for
15 min and the pellets were re-suspended in phosphate
buffered saline (PBS) by vortexing with a few sterile glass
beads (VWR International, Germany) to yield a suspension
containing approximately 107 MAP cfu/mL. An initial
MAP concentration of about 107 cfu/mL was set using
a photometer and a counting chamber. Serial dilutions
prepared from the MAP stock solution ranged from 107
to 10" cfu/ml using PBS and 1 ml of each of the dilutions
were serially added to 10 ml of raw milk and 10 g of feces
homogenate. Positive controls used were “raw milk” and
“feces” spiked with 107 cfu/ml MAP whereas negative
controls as raw milk and feces were spiked with equivalent
volume of sterile PBS, respectively. Serial dilutions for
spiking were also confirmed by DNA extraction, and sub-
sequently by F57 Real time PCR as described above. All
experiments were repeated in triplicate format.

RESULTS

This study assessed the occurrence of MAP in pooled
fecal samples from the cattles over 2 years and the bulk
milk samples from each of the collection tanks installed in
the randomly selected dairy farms and the villages located
in the Thrace Region of Turkey by using a F57 Real time
PCR and /15900 nested-PCR assays. The results revealed
that MAP genom could not be detected in any pooled
fecal and milk samples

DISCUSSION

The Thrace, i.e. Turkey’s European part and the ad-
joining parts of Southern Bulgaria and north-east Greece
has a strategic importance as a vaccination buffer zone for
Europe 9. In literature, the studies related to understanding
MAP prevalance in this region are significantly limited.
MAP could not be detected in fecal samples of 2 years-old
and/or older cattle from Thrace by PCR based on /15900 .,
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In 2007, Turkey firstly reported Food and Mouth Disease
in Thrace whereas there was no information of MAP in this
reporting 28, A low prevalance of MAP in animals from
Thrace part of Greece was determined by F57 Real time
PCR and /1S900 n-PCR. But, in this study, no MAP could be
detected in the collected fecal and bulk milk samples in
a defined area of Thrace #.,

In MAP prevalence studies, sampling size is arranged
by randomly selecting herds and animals from these herds
as wells as considering sensitivity and specificity of the
diagnostic test B% In this study, sampling size calculations
were performed based on prevalences of both MAP-
infected herd and MAP-infected cattle as 80% and 5%
according to EU Data due to the lack of official data
indicating MAP prevalance in Turkey. In this study,
minimum numbers of the herds and the animals to be
sampled were found as 30 and 270, respectively 2223,

Estimation of the apparent prevalence of MAP in the
dairy herds varies significantly among studies, depending
on number of the herd, number of the animals to be
tested and the method to be performed B'. Sensitivity of
detection for MAP was greater with a smaller pool size, i.e.
5 versus 10 samples per pool whereas 10 cows per pool
was recommended by another study 523, In this study,
we performed 9 fecal samples per pool as well as the bulk
milk samples from the holding tanks were already pooled
naturally. Thus, our MAP negative results might likely be
due to the dilutions in the pooled feces and the bulk milks.
In this way, probability density for low prevalence herds
and infected animals would not be distributed within the
reference prevalence of MAP in EU as 80%.

The effective diagnosis of MAP is a challenge due
to lack of the clinical signs from sub-clinically infected
animals, the difficulties in primary isolation of this hardy
bacillus, and possible unknown kinds of the MAP strains 34,
Real time PCR has significant advantages over other
methods #°%, On the other hand, success of a Real time PCR
is dependent on a well-performed DNA extraction from
test matrix >3¢, Thus, commercial kits for DNA extraction
would detect MAP from feces with high sensitivity without
cultivating bacteria 5. Bead beating in a lysis solution for
cell distruption as well as use of spin column technology
can perform more effective DNA extraction especially
from fecal samples 8. In this study, DNA extraction was
also conducted by commercial kit supported with lysis
solution and spin column technology for the most accurate
diagnosis of MAP.

There are the genomes highly homologous to other
environmental Mycobacterium species. It highly affects the
reliability of PCR application 2. F57 and /S900 are MAP-
specific genetic elements “%, Insertion sequence /S900 is a
reference marker for confirmation of MAP whereas it may
lead to cross-reactions and possible false positive results 24,
Due to this fact, another alternative genetic element F57

is used “ In contrast to /S900, F57 is not similar to genes
on other related organisms “2, But, F57 does not provide
for as high a sensitivity as /1S900 element with less false
positive results “3, DNA extraction followed by Real-time
PCR is a sensitive method making possible a detection
limit of MAP like such as log 2.0 cfu/mL or g of raw milk
and feces within one day only ¥4, In this study, F57 Real
time PCR assay was very reliable because it was tested for
specificity by including an internal amplification control
(IAC) to exclude false-negative PCRs for smaller MAP DNA
amounts. In addition to that, /S900 n-PCR was applied
despite of being time-consuming with high risks of cross-
contamination ®\. Thus, any other available PCR system
was not able to detect any MAP DNA 6],

Diagnostic strategies to detect MAP super-shedder
cows in dairy herds have been minimally studied “. Similar
to our study based on Real time PCR, MAP was determined
at a level of 10* cfu/g of spiked feces, 1-10 cfu/ml of milk,
2.42 x 10" MAP cells in T ml of artificially contaminated
raw milk, and 10? cfu/g of feces and 10? cfu/10 ml of bulk
milk, respectively #2450, Hence, in our study we concluded
that number of MAP cells in samples might be lower than
detection levels of the assays used.

In this study, MAP negative results might be arised
from some limitations. These limitations would be lack of
information for MAP prevalance in Turkey, no clinical signs
on sampled animals over 2 years, MAP cells in smaller
amounts, lower sensitivity of F57-Real time PCR assay,
dilution effect of pooling, and lack of culture-based method.

In conclusion, screening of MAP should be extended
to cover the whole region by increasing sampling size of
herds, animals, fecals and bulk milk samples in parallel
to including the culture based microbiological method
together with molecular-based methods for an effective
investigation of MAP throughout this animal disease
free area of Turkey in Europe.
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Abstract

The research objective, during a 3-yr study, was to compare starch- and fiber-based 38 d weaning transition diets (WTD) to identify the effect on calf
performance, feed intake and feed efficiency (FE). Subsequently, the effect of WTD on feedlot finishing performance and cow and calf net return was
determined. Crossbred steer and female calves (Angus x Hereford x Gelbvieh; n=405; Age=7.5 month; BW=278+4.3 kg) were randomly assigned to
six treatments (4 pen replicates/treatment) based on age and weaning weight. Starch-based WTD were formulated with soybean meal (SBM) and
field pea (FP), and fiber-based diets were formulated with increasing levels of FP (0-30%). Pelleted WTD treatments were: 1-(CSBM) starch-base+SBM,
2-(CPEA) starch-base+FP, 3-(0PEA) fiber-base+0% FP, 4-(10PEA) fiber-base+10% FP, 5-(20PEA) fiber-base+20% FP, and 6-(30PEA) fiber-base+30% FP.
The CSBM, OPEA, 10PEA, and 20PEA treatments had greater gain and average daily gain (ADG) compared to the CPEA and 30PEA (P<0.01), and the
CPEA treatment had the lowest gain and ADG (P<0.001). Dry matter intake (DMI) was greatest for the fiber-based OPEA and 20PEA WTD treatments
and lowest for the starch-based CSBM and CPEA (P<0.001), and WTD did not affect FE (P=0.39). In addition, feedlot finishing performance and carcass
measurements were not affected by WTD (P>0.10). Therefore, we conclude that FP can replace up to 20% of fiber-based ingredients in WTD without
affecting DMI and ADG. However, the highest cow-calf net return was from the CSBM, 20PEA and 30PEA WTD treatments (P<0.001).

Keywords: Beef calf post weaning transition diet, Fiber-based diet, Field pea, Feedlot performance, Soybean meal,
Starch-based diet

Nisasta ve Lif Esasl Siitten Kesim Sonrasi Gecis Rasyonlarina
ikame Edilen Yemlik Bezelyenin 7.5 Aylik Yastaki Besi Danalarinin
Daha Sonraki Besi Bitirme Performansi, Karkas Kalitesi ve
Net Getirisi Uzerine Etkisi

Ozet

Arastirmanin amaci, 3 yillik calisma stiresince 38 giin nisasta ve lif esash sttten gecis donemi rasyonlarini (WTD) karsilastirmak ve rasyonlarin buzagi
performansi, yem tiketimi ve yemden yararlanma (FE) lzerine etkisini belirlemektir. Bunu takiben, WTD'lerinin besi bitirme performansi, inek ve
buzagdi net getirisi tizerine etkisi belirlenmistir. Melez erkek ve disi danalar (Angus x Hereford x Gelbvieh; n=405; Yas=7.5 ay; BW=278+4.3 kg) yas ve
stitten kesim agirhgi homojen olacak sekilde rastgele alti gruba (4 tekrar/grup) ayrilmistir. Nisasta esasl WTD'leri soya kiispesi (SBM) ve yemlik bezelye
(FP) ile lif esasli WTD'leri de artan seviyelerde (%0-30) yemlik bezelye (FP) ile formiile edilmistir. Peletlenmis WTD gruplari sirasiyla 1-(CSBM) nisasta-
esasli+SBM, 2-(CPEA) nisasta-esasli+FP, 3-(OPEA) lif-esash+%0 FP, 4-(10PEA) lif-esasli+%10 FP, 5-(20PEA) lif-esasli+%20 FP, and 6-(30PEA) lif-esash+%30
FB seklindedir. Canl agirlik ve ortalama gunliik canli agirlik artisi (ADG) CSBM, OPEA, 10PEA ve 20PEA gruplarinda CPEA ve 30PEA gruplarina oranla
daha yuksek (P<0.01) ve CPEA grubunda ise agirlik ve ADG daha disiik bulunmustur (P<0.001). Kuru madde tiiketimi (DMI) lif esash OPEA ve 20PEA
WTD gruplarinda en yiiksek, nisasta esasl CSBM ve CPEA gruplarinda ise en distiktir (P<0.001) ve WTD FE'i etkilememistir (P=0.39). Ayrica, besi sonu
performansi ve karkas kriterleri WTD’den etkilenmemistir (P>0.10). Bu nedenle, DMI ve ADG'ni etkilemeden, lif esasli WTD’lerinde hammaddelerinin
%20'lik kisminin yerini yemlik bezelyenin alabilecedi sonucuna varilmistir. Bununla birlikte, en ylksek inek-buzagi net getirisi CSBM, 20PEA ve 30PEA
gruplarinda bulunmustur (P<0.001).

Anahtar sézciikler: Etci melez danalarin siitten kesim sonrasi gegis diyeti, Lif-esash diyet, Yemlik bezelye, Acik besi,
Soya kiispesi, Nisasta-esasli diyet
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INTRODUCTION

Beef cattle calves in the USA routinely nurse milk
from their mothers for 6-7 months before weaning.
Weaning is stressful. Therefore, management procedures
that minimize stress during the critical change over, or
transition period utilize weaning feeds that are part of
a sound weaning management program. Calf weaning
feed formulations are prepared with a variety of highly
digestible fiber-based co-product ingredients (soybean
hulls 2, wheat middlings @ and barley malt sprouts 2.
Although North Dakota research with field pea (FP) has
shown FP to be an excellent feedstuff in creep feeds for
grazing calves B4, and as a source of protein and energy
in growing and finishing diets *¢, FP have received less
attention as an ingredient in weaning transition diets (WTD).

The FP contained more than 50% starch and are a
protein and energy dense feed ingredient containing 20-
27% crude protein (CP), 88-90% total digestible nutrients
(TDN), 7-8% acid detergent fiber, and 1.40 Mcal ME/kg for
cattle on a dry matter (DM) basis .. FP protein is 78-94%
rumen degradable ©. The starch content of FP grain is of
concern when FP are to be used as an ingredient in WTD,
since starch, when introduced in forage-based diets, has
been shown to decrease forage intake and (or) digestibility
resulting in reduced performance ©'% due to changes in
TDN and rumen pH changes associated with starch-based
grains like corn and FP. Canadian research with dairy
cattle suggests that the degradability rate of pea starch
is slower than that of conventional cereal grains such as
barley, wheat and oats, and is similar to corn '\ Due to the
slower degradability of corn and FP, these ingredients may
be nutritionally compatible with fiber-based ingredients.

The purpose of this calf weaning management research
was to compare corn- and fiber-based 38 d WTD diets
formulated with either soybean meal (SBM) or increasing
levels of FP (0-30%) that replaced wheat middlings
(midds) and barley malt sprouts. We hypothesized that
dry matter intake (DMI) would increase with increasing FP
level during the WTD period after weaning, but that WTD
would not affect post weaning calf performance, feedlot
finishing performance, carcass quality, or net return to
retained ownership.

MATERIAL and METHODS

This research project was conducted at the Dickinson
Research Extension Center, Ranch Headquarters, Manning,
North Dakota, USA (47°11'34" N 102°50'17" W) in accordance
with guidelines approved by The North Dakota State
University Institutional Animal Care and use Committee
(Protocol Approval Number A0209).

Over a 3-year period, six annually replicated treatment
groups (n=405) of 7.5 month old crossbred steer and

female calves (Angus x Hereford x Gelbvieh) with an
average weight of 278+4.3 kg were weaned and randomly
assigned to one of six pelleted WTD treatments based
on age and weaning weight. The experimental treatment
diets, which are described in detail in Table 1, consisted
of two starch-based diets formulated with either corn
or a combination of corn and FP. The starch-based diets
were compared to fiber-based diets containing the highly
digestible fiber ingredients soybean hulls, wheat middlings,
and barley malt sprouts that were blended with FP. The
WTD treatments evaluated were: 1- (CSBM) starch-base
+ SBM, 2- (CPEA) starch-base + FP, 3- (OPEA) fiber-base +
0% FP, 4- (10PEA) fiber-base + 10% FP, 5- (20PEA) fiber-
base + 20% FP, and 6- (30PEA) fiber-base + 30% FP.

To test the WTD, four pen replicates of six to eight
calves per pen were randomly assigned to treatment based
on a 2-day starting weight and fed an average 38 d each
year over the three year period. The pelleted weaning
feeds (Table 1) were prepared as complete feeds and were
medicated with decoquinate for coccidiosis control at
the rate of 22.5 mg/45.4 kg body weight (BW). The calves
were fed chopped alfalfa-bromegrass hay (Medicago sativa
and Bromus inermis, 10.0% CP). The pelleted supplements
shown in Table 1 were formulated to be isonitrogenous,
but not isocaloric, and were top dressed over the chopped
alfalfa-bromegrass hay 2. Using challenge feeding,
chopped hay was replaced with the experimental weaning
supplements until calves in the grain-based treatments
(CSBM and CPEA) were consuming from 4.99 to 6.35 kg/
head/day and up to 9.53 kg/head/day among the calves
receiving the fiber-based FP supplements (OPEA, 10PEA,
20PEA, and 30PEA). Once on full supplement intake, the
CSBM and CPEA treatments were consuming 67% of their
intake as supplement and for the fiber-based treatments,
88% of their DMI was from supplement. The amount of
supplement offered to calves receiving the SBM/Corn
and FP/Corn treatments were limited due to the high level
of starch present in these two supplements.

Five weeks before weaning all calves were vaccinated
with Zoetis Bovi-Shield Gold-5 for bacterial and viral
diseases and booster vaccinated at weaning with Zoetis
One Shot Ultra for clostridial myonecrosis diseases and
pneumatic pasturellosis.

At the end of the 38-d WTD evaluation, an average 2-day
ending weight was recorded and the only the steer calves
were shipped to a commercial feedlot (Decatur County
Feed Yard, Inc., Oberlin, Kansas, USA) where they were
grown and finished. At the end of the finishing period, the
steers were slaughtered at the federally inspected Cargill
Packing Plant, Ft. Morgan, Colorado, USA. The Decatur
County Feedlot uses the ACCU-TRAC electronic cattle
management system to determine slaughter time, which has
been previously described by Senturklu and Landblom '3,

Data was analyzed using procedures of the Statistical
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Table 1. WTD ingredient composition and nutrient analysis (Dry matter)

Tablo 1. WTD ham madde kompozisyonlari ve besin analizleri (Kuru madde)

Ingredient Composition CSBM* CPEA" OPEA" 10PEA" 20PEA" 30PEA”
Corn, % 77.801 31.365 10.0 10.0 10.0 10.0
FP*, % 0.0 62.046 0.0 10.0 20.0 30.0
SBM*, % 15.601 0.0 0.0 0.0 0.0 0.0
Soybean Hulls, % 0.0 0.0 39.421 38.226 37.086 35.628
Wheat Middlings, % 0.0 0.0 24.56 20.748 16.888 13.346
Barley Malt Sprouts, % 0.0 0.0 20.0 15.0 10.0 5.0
Limestone, % 0.85 0.85 0.3 0.3 .03 .03
Decoquinate (6.0%), % 0.0489 0.0386 0.0269 0.0269 0.0269 0.0269
Other**, % 5.7 5.7 5.7 5.7 5.7 5.7
Total, % 100.0 100.0 100.0 100.0 100.0 100.0

Nutrient Analysis

CP*, % 16.0 16.1 16.5 16.2 16.0 15.7

TDN*, % 85.2 79.2 69.3 69.9 70.7 775

Crude Fiber, % 2.8 5.0 18.0 17.9 17.9 17.7

Fat, % 3.6 22 2.4 24 23 2.2

NEm, Mcal/kg 2.12 1.92 1.61 1.63 1.65 1.68

NEg, Mcal/kg 1.43 1.30 1.02 1.04 1.06 1.08
* CSBM: Starch-base+SBM, CPEA: Starch-base+FP, OPEA: Fiber-base+0% FP, 10PEA: Fiber-base+10% FP, 20PEA: Fiber-base+20% FP, and 30PEA: Fiber-
base+30% FP, SBM: Soybean meal, FP: Field pea, CP: Crude protein, TDN: Total digestible nutrients; ** Other; Beet Molasses, 5.0%; Salt, 0.50%, Dicalcium
Phosphate (21%), 0.10%, Feedlot Trace Mineral Premix, 0.075%, Feedlot Vitamin Premix, 0.025%

Analysis System 4, Transition, finishing, carcass, income
and expense data were analyzed as a randomized complete
block design using the PROC GLM procedure of SAS
and USDA quality grade was analyzed using Chi-Square
procedures in PROC GENMOD. Orthogonal contrasts
were made to compare Starch and Fiber, SBM and FP, and
for linear (L), quadratic (Q), and cubic (C) effects. Effects
for L, Q, and C were only discussed when a significant
F-test was detected. Pen served as the experimental unit.
Differences between the experimental treatment groups
were considered significant at P<0.05.

RESULTS

Weaning Transition Period

The effect of WTD over a period of three years on steer
and female calves’ performance during the 38-d post
weaning period is shown in Table 2. The mean starting
weight of the steer and female calves in the study was
278 kg (P=0.73). Ending weight comparison between fiber-
based treatments and starch-based (corn) treatments did
not differ (P=0.28). Comparing starch- versus fiber-based
diets, calves that were fed the CSBM, OPEA, 10PEA, and 20
PEA had greater gain and average daily gain (ADG)
compared to the CPEA and 30PEA (P=0.0001) feed treatments.
The calves fed the CPEA feed treatment had the slowest
ADG. It is critically important that newly weaned calves
begin eating as soon as possible after weaning, if a post-

weaning growth depression is to be avoided. Daily DMI
was greatest for calves receiving the fiber-based OPEA and
20PEA WTD and lowest for those calves that were fed the
starch-based CSBM and CPEA WTD, and intermediary for the
10PEA and 30PEA WTD (P=0.0001).When feed treatments
formulated with either SBM or FP were compared, there
was no difference for gain or ADG; however, there was a
significant DMI difference for FP (P=0.05). Orthogonal L, Q,
and C fiber analysis of the data was unremarkable for Q
and C; however, a L fiber feed treatment relationship for
gain (P=0.0001), ADG (P=0.0002), and DMI (P=0.0001) were
identified. Among treatments, greater DMI corresponded
to greater ADG and smaller DMI also corresponded to
smaller ADG. Therefore, for feed efficiency (FE), there was
no statistical difference identified between treatments
(P=0.39). When pea replaced 30% of the fiber ingredients
(30PEA), gain and ADG were reduced (P=0.0001), DMI
was intermediary, but FE did not differ (P=0.39). Feed cost
per unit of gain was lowest for the CSBM and OPEA WTD;
however, the feed cost per unit of gain for the starch-based
CSBM diet was 11.6% less than the fiber-based OPEA WTD.

Feedlot Finishing Period

For finishing, only the steer calves from each treatment
were fed to finish and slaughtered for performance and
carcass data evaluation (Table 3). Steers that received a 20%
FP replacement diet during the 38 d transitioning required
numerically fewer days to slaughter (129 vs. 134 d). Feedlot
starting weight did not differ (P=0.79) and averaged 333.0
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kg. Ending weight also did not differ (P=0.99) and averaged
531.0 kg. ADG was uniform across treatments and there
was no statistical difference between WTD treatments
at the end of finishing. Due to the uniform performance
of steers during the growing-finishing period, WTD fed
immediately after weaning did not affect subsequent
feedlot FE, which was similar across treatments (P=0.55).

Carcass Measurements

Carcass measurements have also been summarized
in Table 3. Carcass measurements for hot carcass weight
(P=0.97), rib eye area (P=0.33), marbling score (P=0.14),
USDA vyield grade (P=0.72) and USDA quality grade (P=0.77)
were not affected by treatment. Across treatments 54.5%
of steers graded choice compared to 68% among steers
receiving a 20% FP replacement diet during the 38 d WTD

Table 2. Effect of 38 d WTD on calf growth performance and economics (3-year)

period. The 13.5% increase in the number of carcasses
grading USDA Choice or better was not significantly
greater (P=0.77).

Enterprise Analysis

Enterprise analysis with respect to revenue that is
returned to the cow-calf business, when ownership of
the cattle remains in the cow-calf operator’s possession,
has been summarized in Table 4. Income from finished
carcasses and direct production expenses to including
WTD, weaning transition yardage charge, animal health
care (vaccine and antibiotic), ACCU-TRAC electronic cattle
management fee, transportation charge, and annual cow
cost of production were used to estimate net return to
the cow and calf enterprise. Highest return to the cow/
calf enterprise of $247 was obtained with the CSBM WTD

Tablo 2. 38 glinliik WTD'nin buzagi biiyiime performansi ve ekonomisi lizerine etkisi (3-yil)

- P-Value ©
a " . . . . .
Growth Performance CSBM CPEA OPEA 10PEA 20PEA 30PEA SEM" TRT Starchvs | SBM*vs | Fiber
Fiber FP* (L)*
Number of Calves 68 68 68 68 67 66
Starting Weight, kg 275 279 277 276 286 274 7.25 0.73
Ending Weight, kg 319 313 324 322 330 312 7.40 0.28
Gain, kg 442 34¢ 472 46° 442 38° 1.81 0.0001 0.0004 0.23 0.0001
ADG*, kg 1.162 0.90¢ 1.242 1.212 1.162 1.0° 0.05 0.0001 0.0003 0.25 0.0002
DMI*, kg 7.59¢ 6.88¢ 8.78? 8.24° 8.46° 7.80°¢ 0.21 0.0001 0.0001 0.05 0.0001
Feed:Gain, kg 6.54 7.64 7.08 6.81 7.29 7.80 0.50 0.39 0.18 0.35 0.12
Feed Cost/Head,$ 37.53 35.03 46.14 4421 4430 41.10 0.96
Feed Cost/kg Gain, $ 0.85 1.03 0.98 0.96 1.00 1.08 0.03
ad Means with different superscripts within a line are significantly different, (P<0.05); ¢ P-Values for treatment and orthogonal contrasts. Only linear (L)
P-Value is shown; Quadratic and Cubic were NS; *CSBM: Starch-base+SBM, CPEA: Starch-base+FP, OPEA: Fiber-base+0% FP, 10PEA: Fiber-base+10% FP,
20PEA: Fiber- base+20% FP, and 30PEA: Fiber-base+30% FP, SEM: Pooled standard error of the mean, TRT: treatments, SBM: Soybean meal, FP: Field pea,
L: Linear, ADG: Average daily gain, DMI: Dry matter intake

Table 3. Feedlot finishing performance and carcass measurements (3-year)

Tablo 3. Besi sonu performansi ve karkas parametreleri (3-yil)

Feedlot Finishing Performance CSBM* CPEA* OPEA* 10PEA* 20PEA* 30PEA* SEM* P-Value
Days at Feedlot 135 141 131 135 129 136 4.0 0.40
Starting Weight, kg 331 328 332 333 339 329 12.7 0.79
Ending Weight, kg 531 530 529 532 528 531 13.9 0.99
ADG*, kg 1.48 1.43 1.50 1.47 1.47 1.49 0.07 0.75
Feed:Gain 6.0 6.0 5.85 6.0 6.0 5.81 0.10 0.55

Carcass Measurements
Hot Carcass Weight, kg 335 331 335 334 331 332 10.0 0.97
Ribeye Area, sq.cm. 77 75 75 78 76 75 0.16 0.33
Marbling Score 49.0 54.4 52.8 52.7 54.3 48.0 51.9 0.14
Yield Grade 3.15 3.21 3.27 3.11 3.21 3.14 0.07 0.72
Quality Grade 2.46 2.44 253 2.46 236 2.48 0.08 0.77
Percent Choice, % 56.0 55.3 53.2 55.8 68.0 52.0 56.8 0.15

* CSBM: Starch-base+SBM, CPEA: Starch-base+FP, OPEA: Fiber-base+0%FP, 10PEA: Fiber-base+10%FP, 20PEA: Fiber-base+20%FP, and 30PEA: Fiber-
base+30%FP, SEM: Pooled standard error of the mean, ADG: Average daily gain
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Table 4. Feedlot income, expenses and net return to the cow and calf enterprise (3-year)

Tablo 4. inek ve buzad isletmesinin besi gelir, giderleri ve net getirisi (3-yil)

Parameter CSBM* CPEA* OPEA* 10PEA* 20PEA* 30PEA* SEM* P-Value
Feedlot Economics
Income
Carcass Value, $ 886 849 871 863 871 880 16.6 0.71
Expenses
Calf Cost/Head, $ 633 624 632 634 644 630 8.1 0.70
Feedlot Cost/Head, $ 236 242 231 233 226 233 7.7 0.81
Finishing Net Return/Head, $ 17 17 8 4 1 17
Cow-Calf Enterprise Analysis
Income
Carcass Value, $ 886 849 871 863 871 880
Expenses
Transition Feed Cost/Head, $ 38 35 46 44 44 41
Feedlot Feed Cost/Head, $ 236 242 231 233 226 233
Other**, $ 365 365 365 365 365 365
Total Expense, $ 639 642 642 642 635 639
Net Return to Cow and Calf Enterprise 247 207 229 221 236 241
* CSBM: Starch-base+SBM, CPEA: Starch-base+FP, OPEA: Fiber-base+0% FP, 10PEA: fiber-base+10% FP. 20PEA: Fiber-base+20% FP, and 30PEA: Fiber-
base+30% FP, SEM: Pooled standard error of the mean; ** Other; Transition period yardage cost, $8.00/steer; annual cow maintenance cost, $341.00/cow;
cattle transportation to feedlot cost, $16.00/steer

supplement followed by $241 and $236 for the 30PEA and
20PEA WTD supplements, respectively. The CPEA WTD
yielded the smallest return to the cow/calf enterprise of
$207. The WTD tested that were formulated with OPEA
and T0PEA resulted in net returns per cow of $229 and
$221, respectively.

DISCUSSION

Weaning protocols that promote DMI and ADG
minimize weaning growth depression and help calves
transition from grazing to a feedlot environment. In this
evaluation of weaning transition protocols, the ratio of
starch to fiber in the concentrate supplements ranged
from high starch (CPEA) to high fiber (OPEA). Soybean
hulls, wheat midds, and barley malt sprouts were the
sources of highly digestible fiber and corn was the primary
starch source. Dietary energy from grain is primarily from
starch or nonstructural carbohydrate. Energy from forage
is primarily from fiber or structural carbohydrate. When
small amounts of starch-based ingredients (0.25-0.40%
of BW or less) are fed in fiber-based diets, forage intake
and digestibility are not adversely affected or may improve
slightly. At higher starch intake, forage intake and
digestibility decline affecting performance ®'%. Changes in
TDN that result from the partial replacement of fiber-based
ingredients with starch-based ingredients is referred to as
a negative associative effect and is dependent on forage
quality and amount of grain (starch) fed. The onset of a
negative relationship is variable, but when the production

goal is to achieve maximum forage intake and digestibility,
adding a starch-based grain to forage-based diets in which
starch intake will be 0.4-0.5 percent of BW may lead to
reduced forage digestibility 1014,

In Table 2, FP replaced up to 30% of the fiber-based
ingredients (soybean hulls, wheat middlings, and barley
malt sprouts). With increasing level of FP, ADG and DMI
increased up to 20% FP, but declined at the 30% FP level.
Total weight gain was affected, but not FE. For CSBM, DMI
declined, but ADG was not affected (P=0.0001), and for
CPEA both DMI and ADG declined (P=0.0001).

Paralleling this current field investigation a companion
intake and digestibility study was conducted to evaluate
the effect of replacing fiber-based ingredients with
increasing level of FP from 0-45% "% in medium concentrate
diets. The findings of Soto-Navarro ' serve to explain the
response observed in this study. In the companion study,
DMI declined linearly with increasing FP level (P<0.07),
which is in agreement with the current study and others '
who supplemented gestating cows with increasing levels
of FP grain, but does not agree with others who reported
an increase in DMI when barley and SBM " or barley and
canola meal " were replaced with FP. Explanation for the
decline in DMI in our study may be explained by reported
results for fluid dilution rate ", in which DMI declined
linearly with increasing FP level. Compared to the current
study, the highest fluid dilution rate was associated
with the 0% FP level, which was also associated with the
greatest DMI. Decreased DMI has also been associated
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with decreased passage rate %, Similarly, for the CPEA
and CSBM, DMI was reduced and could be explained by
fluid dilution rate in which substrate passage was probably
slowed compared to the WTD supplemented with increasing
levels of FP. In the paralleling digestibility study, organic
matter (OM) intake and total-tract OM digestibility were not
affected by increasing FP level, which was not expected,
because the TDN level of FP is higher than the combined
TDN value of the fiber ingredients that FP replaced.

In a 39-d weaned calf receiving diet study, intake,
digestibility, and feedlot performance were evaluated 2"
Compared to our experiment in which DMI and ADG
declined when corn-pea (CPEA) was fed, they ?"" measured
an increase in DMI (P<0.07) and BW gain (P<0.04) when
corn- FP, corn-chickpea, and corn-lentil receiving diets
were fed. Considering the results of others that studied
receiving (42-d) ®22, growing #*?4 and finishing ©**! cattle
diets supplemented with FP, many have reported no
change or increases in DMI, gain, and gain efficiency.

In our study, the carryover effect of WTD on ending
carcass measurements was unremarkable and consistent
with others ©252¢ that found no difference between
treatments that evaluated the effect of FP on carcass
measurements. However, FP has been shown to improve
meat tenderness 2> when fed in high grain diets without
altering performance.

In conclusion, based on the results of the current study
and the results of the paralleling digestibility study and
others, up to 20% FP can replace fiber-based ingredients
in 38 d WTD without negatively affecting DMI or ADG.
Moreover, our data suggests that when ownership of
calves continues through finishing and slaughter, the
highest net return to the cow and calf enterprise will be
from WTD feed treatments where DMI and ADG were less
and feed cost per kilogram of gain was lowest. The decision
to consider using FP in WTD should be based on cost per
unit of protein compared to other protein-energy sources.
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Abstract

The purpose of the present study was to determine the Glutathione Peroxidase 1 (GPX 1) gene expression by Real Time PCR in the
liver of healthy and diabetic rats treated with capsaicin. Twenty Sprague-Dawley rats were used in our study. Rats were divided into
four groups: Group I: diabetic rats (n=>5), Group lI: capsaicin injected rats (n=5), Group lll: Capsaicin injected diabetic rats (n=5), and
Group IV: control rats (n=5). Capsaicin injection began 72 h after streptozotocin (STZ) injection. Capsaicin (1 mg/kg) was prepared in
10% ethanol, 1% Tween 20, and 80% sterile water and subcutaneously injected daily in both Groups Il and Ill for two weeks. The results
of RT-PCR conducted to determine GPX 1 gene expression indicated that capsaicin treated diabetic rats had higher GPX 1 expression
compared to all groups including control (P<0.05). As a result, capsaicin causes an increase in GPX 1 gene expression at transcription
level in the diabetic rat liver. Further investigation is needed to determine if such an increase occurs at protein level using various
methods such as western-blot analysis.

Keywords: GPX 1, RT-PCR, Capsaicin, Diabetes, Liver, Rat

Kapsaisin Uygulanan Diabetik Sicanlarin Karaciger Dokusunda
GPX 1’in Real Time-PCR ile Expresyon Profilinin Cikarilmasi

Ozet

Bu calismada, Kapsaisin (CAP) uygulanan, saghkl ve diabetik sicanlarin karaciger dokusunda Glutatyon Peroksidaz 1'in (GPX 1) RT-PCR
ile belirlenmesi amaclanmistir. Arastirmada 20 adet Sprague-Dawley irki sican, Diyabet (Grup |), Sadece Kapsaisin Uygulanan (Grup Il),
Kapsaisin uygulanmis Diabetli (Grup Ill) ve Kontrol (Grup IV) olmak tizere dért gruba ayrildi. Kapsaisin uygulamasina, streptozotosin
(STZ) enjeksiyonundan 72 saat sonra baslanip, 2 hafta boyunca hem diabetik gruba hem de sadece kapsaisin uygulanan gruba her giin
1 mg/kg kapsaisin, %10 ethanol, %1 Tween 20 ve %80 distile su ile ¢ozdirildlkten sonra subkutan olarak uygulandi. Karacigerdeki
GPX 1 geninin ekspresyonu icin yapilan RT-PCR analizi sonucunda; kapsaisin uygulanan diabet grubunda GPX 1'in gen ekspresyonunun
kontrol grubu da dahil diger gruplara gore daha yilksek oldugunu belirlendi (P<0.05). Sonug olarak diabette kullanilan kapsaisinin
GPX 1 transkripsiyon artisina neden oldugu ancak protein seviyesinde bir artisa yansiyip yansimadiginin, western-blot gibi metodlarla
da belirlenmesi gerektigi sonucuna varildi.

Anahtar sozciikler: GPX 1, RT-PCR, Kapsaisin, Diabet, Karaciger, Sican

INTRODUCTION

Diabetes mellitus is a metabolic disorder with three
metabolic types that occurs due to insulin resistance or,
rarely, deficient insulin secretion and is characterized by
hyperglycemia "2, Type | or the juvenile type develops as
a result of autoimmune inflammation against pancreatic

B cells while Type Il occurs later in life, secondary to insulin
resistance. Type |lI, also called the gestational diabetes, only
occurs during pregnancy and is due to insulin resistance, or
rarely to  cell failure. Oxidative stress has been implicated
in both the pathogenesis and complications of three types
of diabetes ". Under normal circumstances, the rates
of formation and clearance of free radicals are in a fine
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equilibrium, which is referred to as oxidative equilibrium.
An increase in the rate of formation or a decrease in
the rate of clearance of free radicals is called oxidative
stress ®4. In parallel to increasing oxidative stress, the
amount of free radicals also increases . The latter event
causes lipid peroxidation, DNA damage, and inactivation
of multiple enzymes . While low levels of reactive oxygen
species play a role in intracellular signaling pathways
involving cell differentiation, cell progression, or halt of cell
growth and apoptosis, their increasing doses such as those
in oxidative stress causes metabolic disorders and damage
to biological macromolecules . Former studies have
shown that diabetes leads to oxidative stress by lowering
the antioxidant potential and increasing free radical
formation rate V. It has been reported that hyperglycemia
particularly induces oxidative stress in the cell #9., Oxidative
stress emerges not only in diabetes, but also in certain
other pathological conditions such as cardiovascular
diseases, aging, cancer, and neurological disorders . In
human body, there are plenty of endogenous and exo-
genous defensive mechanisms collectively called anti-
oxidants to prevent formation of free radicals and neutralize
their detrimental effects. Such mechanisms can be grouped
as agents that prevent free radical formation or neutralize
already formed free radicals; they may also be classified
as enzymes and non-enzymes "%, Glutathione peroxidase
(GPX), which has been reported to exist in mitochondria
and cytosol ', is an endogenous enzyme 1'% which is
responsible from degradation of hydroperoxides "%, It
has been formerly reported that, depending on the tissue
types, it has at least 5 isoforms in mammalian cells and
GPX 1 is especially abundant in erythrocytes, kidneys,
and liver "2, As a chronic metabolic disorder, diabetes is
characterized by increased oxidative stress. As a result,
increased free radicals engage an interaction with nucleic
acids, proteins, and lipids, ultimately causing loss of
membrane integrity, functional and structural alterations
in proteins, and genetic mutations '3, Diabetes-induced
oxidative stress renders liver and other tissues more
susceptible to various complications ", Increased lipid per-
oxidation and reduced glutathione levels are characteristic
in diabetes . Moreover, oxidative stress plays an important
role in eliciting diabetic complications and underlies its
pathogenesis %, Majority of the data suggesting a role of
oxidative stress in initiating diabetes comes from animal
studies that have employed alloxan and streptozotocin
(STZ) to induce diabetes "% In this study STZ an agent
that destroy {3 cells in pancreas, by inhibiting N-Acetyl-f-
D-Glucosaminidase enzyme, was used in order to induce
diabetes!”.

Capsaicin, which was used in the study, is the active
ingredient of hot pepper "8, It has been suggested
that capsaicin has certain effects on gastrointestinal,
cardiovascular, respiratory, limbic, and thermoregulatory
systems 2%, Particularly used for arthritis management,
capsaicin inhibits superoxide anion formation and changes

the redox state of the cell '®, Capsaicin metabolism is
similar in human, dog, and rat and it is rapidly metabolized
by hepatic enzymes. In addition to the main metabolites
in these species, namely 16-hydroxycapsaicin, 17- hydro-
xycapsaicin, and 16,17- dehydrocapsaicin; microsomes
and S9 fractions in rats also produce vanillylamine and
vanillic acid. It has been reported that capsaicin is activated
in liver by mix-function oxidase systems and turned into
an electrophilic intermediary substance, which is able
to covalently bind to hepatic proteins 2. It has been
observed that capsaicin has in vitro regulatory functions
on cellular growth and collagenase and prostaglandin
synthesis in rheumatoid arthritis. It also regulates lympho-
cyte proliferation, antibody production, and neutrophil
chemotaxis ['®. Capsaicin has been shown to be effective in
diabetic neuropathies 22, In a study performed in rats, it has
been observed that capsaicin induced lipid mobilization
in fatty tissue and lowered triglyceride levels in serum 23
and liver '8 As a regulatory molecule having certain
effects on fat and energy metabolism, capsaicin has also
been reported to possess some anti-obesity properties by
lowering the blood fat content and inhibiting proliferation
of the white fat cells 4. Furthermore, it has been
suggested that capsaicin has oxidative stress lowering
effects by increasing the levels of antioxidant molecules
and enzymes especially in liver and erythrocytes 2°,

In the present study, it was aimed to determine the
MRNA expression of Glutathion Peroxidase 1 (GPX
1), an antioxidant enzyme, in liver tissues of capsaicin
administered healthy rats and rats with STZ-induced
experimental diabetes.

MATERIAL and METHODS

Experimental Animals

This study was conducted after obtaining the approval
from Kirikkale University Animal Experiments Local Ethics
Committee (N0:23.02.2012/12). It enrolled 20 female
Sprague-Dawley rats with an average age of 8-12 weeks.
The rats were housed in standard cages with alternating
12-h light-dark cycles at a temperature of 22+2°C and an
average humidity of 50+5%. They were fed ad libitum with
standard rat feed and water. The rats were grouped into
4 groups each containing 5 rats. Group |: STZ Diabetes
Group (n=5); Group lI: Capsaicin only Group (n=5); Group
Ill: Capsaicin administered STZ Diabetes Group (n=5);
Group IV: Control Group (n=5). Group | and Group Il were
administered STZ (Sigma, St Louis, MO, USA) dissolved in
fresh citrate tampon (pH 4.5; 0.1 M) via intraperitoneal (IP)
route in a single dose of 45 mg/kg . Then, a blood sample
was obtained from the tail veins of the animals following an
8-h fasting period 72 h after STZ injection and rats having
a blood glucose level of 200 mg/dI or higher measured by
a hand glucometer (Accu-Chek-Go, Roche, Switzerland)
were considered diabetic 7 and included in the study.
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After the third day, when diabetes was confirmed, Group I
and Group Il were subcutaneously injected with capsaicin
1 mg/kg (Sigma, St Louis, MO, USA) (dissolved in 10%
ethanol, 1% Tween 20, and 80% distilled water) every day
for 2 weeks 128,

Tissue Sampling

Liver tissue samples were taken at 14" day after
sacrifice of rats with cervical dislocation under ether
anesthesia. Liver tissues harvested for molecular analysis
were homogenized in Tri-Reagent (Sigma, St Louis, MO,
USA) and stored at +4°C until the day of analysis.

RNA Isolation and c-DNA Synthesis

Total RNA isolation was performed using the Tri-Reagent
(Sigma, St. Louis, MO, USA) obtained by modification of
the guanidine isothiocyanate/Phenol-chloroform method
described by Chomczynski and Sacci 2. RNA concentration
per microliter was measured at a wavelength of 260 nm.
From each total RNA, a 4 ug sample was taken and cDNAs
were obtained using the Transcriptor High Fidelity cDNA
Synthesis Kit (Roche Diagnostics GmbH, Mannheim,
Germany). The cDNAs were then stored at -20°C to be later
used in real time PCR.

RT-PCR Analysis

Gene expression was carried out using Real-time PCR.
Each PCR reaction contained 3 pl water, 1 pl forward primer
(5'CAGTTCGGACATCAGGAGAAT3’), 1 ul reverse primer
(5’AGAGCGGGTGAGCCTTCT 3') B and 10 pl SYBR Green
Supermix (Roche) and 5 pl cDNA to a total volume of 20
ml. mRNA quantification was performed in LightCycler
480 instrument by using SYBR Green | reagents (Roche
diagnostics, USA) PCR reaction was induced as 5 min in

CTGTTGCTGTA 3’ B primers were used for GAPDH gene
expression. Normalization of gene expression was
performed as described by Kayan et al.*2. Normalization
was done with the Delta Ct method (ACt = Ctiarget gene —

Cthousekeeping gene).
Statistical Analysis

The arithmetical means of the technical repeats was
compared with the SPSS software package using the t-test.

RESULTS

Examination of the gene expression in the samples
revealed that only the capsaicin-administered diabetes
group demonstrated a significant difference (Table 1, Fig. 1).
Compared with the control group, the capsaicin only group
and the diabetic group had no significant differences in
GPX | expression. In the capsaicin-administered diabetes
group, on the other hand, GPX I's gene expression was
found significantly higher compared to the other groups
(P<0.05)

DISCUSSION

Under normal circumstances, the rate of production of
reactive oxygen species (ROS) and the antioxidant defense
system are in a fine equilibrium; an imbalance in favor of
ROS results in oxidative stress . There are enzymatic and
non-enzymatic cellular antioxidant defense mechanisms
to reduce the detrimental effects of ROS 3. The main
enzymes of the antioxidant defense mechanism, namely

Table 1. Ct levels of the groups
Tablo 1. Gruplarin Ct degerleri

95°C, 45 cycles in 10 sec at 95°C. Each analysis was - . Diabetes +
. . . . Groups Control Capsaicin | Diabetes . .
conducted with 5 biological repeats and 3 technical repeats. Capsaicin
Glyceraldehyde 3 Phosphate Dehydrogenase (GAPDH) was Gillevals 9.07 858 9.79 4.56*
used for normalization of GPX | gene expression. Forward "
5’ACCACAGTCCATGCCATCAC3' and reverse 5 TCCACCACC | P<005.n=5
12.00
10.00 b
v 808 BCONTROL
H
Fig 1. Ct levels of the groups (diabetes + | | & Gk — b
capsaicin),* P<0.05, n=5 s DAIETES
400
Sekil 1. Gruplara ait Ct degerleri (diabet + OOWAETES *CAPRMCIN
kapsaisin), * P<0.05, n=5 200
000 I - !
& P -
& 'Fﬂ"“ ¢ 9
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superoxide dismutase (SOD), glutathione peroxidase, and
catalase are overwhelmed by excessive expression of ROS
or chronic hyperglycemia. As a result, a vicious cycle is
created in which ROS and RNS (Reactive nitrogen species)
are incrementally produced and the oxidative stress
pathways are activated B4,

Glutathione peroxidase (GPX), an enzymatic anti-
oxidant B3, reportedly possess 5 isoforms in mammals
and its levels vary by tissue type . It has in vivo protective
action against reactive oxygen species and is the first
selenoprotein described in mammals M. It has cytosolic
and mitochondrial forms and it reduces hydroperoxides of
fatty acids . Having been reported to possess regulatory
functions on apoptotic signal pathways in various cells and
tissues, GPX | has been implicated in the pathogenesis of
many disease states including diabetes ™. Studies on mice
have demonstrated that GPX | overexpression strengthens
cells against oxidative stress, while its absence promotes
susceptibility to oxidative stress ",

Liver is the main organ for free radical reactions,
oxidation and detoxification processes. Therefore, bio-
markers of oxidative stress are found elevated at early
stage of many disorders 4. It has been reported that the
activity of many antioxidants are reduced 34, leading to
increased oxidative stress in diabetes 4. On the other hand,
there are also some studies suggesting increased activity of
antioxidant system ™. Moreover, conflicting data have
been reported by different studies on GPX expression
during oxidative stress in rats with experimentally formed
diabetes. For instance, both decreased ['*3% and increased 3738
GPX enzyme expression compared to controls have been
reported by separate studies in rats with STZ-induced
diabetes. On the other hand, it has also been reported
that, when compared with the controls, no significant
difference was observed for GPX at hepatic mRNA level .
This study also observed that there was no significant
difference between diabetic rats and the controls with
respect to GPX expression. Such different results obtained
in GPX expression of diabetic rats was attributed to various
experimental conditions such as age and race of the rats
and the duration of the experiment '®,

In the present study, no difference was found in the
capsaicin only group compared to the control group
with regard to GPX expression. Additionally, GPX | gene
expression was found quite elevated in the capsaicin
administered diabetes group compared to the controls.
This was attributed both to capsaicin’s inhibitory effects on
oxidative stress ! and, partially, free radical formation “%
by augmenting antioxidant molecules and enzymes, and
also to its antioxidant actions originating from its phenolic
OH groups “ and its stimulant effect on antioxidant
defense system “0,

In conclusion, this study suggests that capsaicin has a
potential protective effect against hepatic oxidative stress

in diabetes via triggering GPX | gene expression. It can be
suggested that it needs to be verified by certain methods
such as Western-Blot that that increase in transcription is
reflected as an augmentation in protein level.
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Abstract

Chlamydophila psittaci (C. psittaci) is a widespread pathogenic bacterium in pigeons. These animals are mostly infected without any clinical
signs. Pigeons are probably the most commonly reported chlamydia-infected avian species. Shedding of Chlamydia from infected birds
has been widely reported. This study was conducted to detect and to determine the prevalence of C. psittaci in the blood, liver and muscle
tissue of urban pigeons in Iran using conventional polymerase chain reaction. In this study, authors used 90 pigeons from different retail
shops across Iran. The study was including 26 female and 64 male pigeons with suspected Chlamydiosis based on clinical signs. During
examination of the corpses we took 270 samples in total, including blood, liver and muscle tissue from each animal. C. psittaci was detected
in 16 (17.78%) blood samples, 14 (15.56%) liver samples and 5 (5.56%) samples of muscle tissue. This study supports the fact that pigeons
serve as carriers of C. psittaci. Therefore, continuous surveillance of this bacterium will go along way in understanding the distribution and
risks associated with Chlamydia infected pigeons. This will be beneficial in prevention and control risks of infection in humans.

Keywords: Chlamydophila psittaci, Molecular detection, Prevalence, Urban pigeons, Iran

iran’da Sehir Giivercinlerinde (Columba livia domestica) Kan,
Karaciger ve Kas Dokularinda Chlamydophila psittaci’'nin
Molekiiler Metotlarla Belirlenmesi ve Prevalansi

Ozet

Chlamydophila psittaci (C. psittaci) glivercinlerde yaygin olarak bulunan patojen bir bakteridir. Bu hayvanlar cogunlukla klinik belirti
gostermeksizin enfektedirler. Glivercinler muhtemelen en ¢cok Klamidya ile enfekte olan kanatl tirleridir. Enfekte kuslardan Klamidyalarin
yayilimi siklikla rapor edilmistir. Bu calisma ile konvensiyonel polimeraz zincir reaksiyonu kullanilarak iran'da sehir giivercinlerinin kan,
karaciger ve kas dokularinda C. psittaci'nin belirlenerek prevalansinin ortaya konulmasi amaclanmaktadir. Calismada iran'da degisik
satis yerlerinden elde edilen 90 glivercin kullanildi. Klinik belirtilere dayanarak klamidiyozis stipheli olan bu glivercinlerin 26'si disi ve
64'U erkekti. Her hayvanin kan, karaciger ve kas dokularini iceren toplam 270 6rnek hayvanlardan elde edildi. C. psittaci 16 (%17.78) kan
orneginde, 14 (%15.56) karaciger 6rneginde ve 5 (%5.56) kas dokusunda tespit edildi. Bu calisma gtivercinlerin C. psittaci icin tasiyici olarak
gorev yaptigi bilgisini desteklemektedir. Bu nedenle stirekli takip ve kontroliin yapilmasi Klamidya ile enfekte glivercinlerin yayginhgi ve
buna iliskin risklerin anlasilmasi icin uzun sureli devam ettirilmelidir. Béyle bir uygulama ayni zamanda insanlara enfeksiyonun yayilmasini
kontrol altina almada da yararl olacaktir.

Anabhtar sézciikler: Chlamydophila psittaci, Molekiiler tespit, Prevalans, Sehir gtivercini, iran

INTRODUCTION M56, and WC) known genotypes "2, C. psittaci has been
identified in 465 different bird species ¥, but the highest

Chlamydophila psittaci (C. psittaci) is a Gram-negative  rate of infection was found in parrots (Psittacidae) and
and obligate intracellular bacterium, with nine (A to F, E/B,  pigeons (Columbiformes) “*\. The family Chlamydiaceae
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is divided into two genera: Genus Chlamydia with the
species C. muridarum, C. suis and C. trachomatis, and genus
Chlamydophila with the species C. abortus, C. caviae, C. felis,
C. pecorum, C. pneumoniae and C. psittaci . Genotypes
are distinguished by sequencing of the outer membrane
protein A (ompA) gene "%, These bacteria are obligate intra-
cellular organisms that are transmitted by biologically
inactive particles called elementary bodies (EBs) ®. C.
psittaci is a bacterium that can be transmitted from pet
birds to humans ®and pigeons, but other bird species can
be infected by same bacteria as well 1'%,

Urban or street pigeons are known to be reservoirs of
Chlamydia and their zoonotic potentials have already been
reported for decades "". Pigeons (Columba livia domestica)
which are mostly located in towns and cities, especially
of tourist attractions, are commonly infected with this
bacterium. In human medicine this is the causative agent
of psittacosis (also known as ornithosis) ['2.

Many people especially children derived much pleasure
in feeding pigeons during their leisure in city parks.
Sometimes, these birds are kept as pets and are also housed
within the living rooms, childcare facilities, garden centers
and rest homes, which brings about a close interaction
with humans 1213,

Today, the increased pigeon population in major cities
of the world is not only a major concern on environmental
hygiene due to fecal droppings and fouling odor of
buildings and monuments, but also associated risk of
transmission infection from animals to humans. The most
important pathogenic organism transmissible from feral
pigeons to humans is C. psittaci, with 101 cases of disease
reported in the literatures '%'4,

Exposure to C. psittaci-contaminated dust, pigeon
feeding, and direct contact with pigeons to a lesser extent
have been identified as risk of exposures in many of the
human cases " The principal route of human infection
with C. psittaci is via the respiratory system, by inhaling
infected aerosols of dried feces or respiratory secretions
from infected birds. Other possible route of infection
have been identified including direct contact with the
feathers, tissue or secretions of infected birds, mouth-to-
beak contact, or by bite wounds and the other open skin
wounds, as well 157, Person-to-person transmission is also
possible "®but it is thought to be rare.

Most infected pigeons are asymptomatic and they
shed the organism occurs in feces as well as in respiratoric
and conjunctival secretions. The clinical signs are often
viewed after triggers like a stress, so this asymptomatic flow
makes it difficult to assess the risk of bacteria transmission
to other animals and humans 2%,

Up until the 1990s, most epidemiological C. psittaci
studies were based on serology. However, the significance
in terms of worldwide dissemination of the agent is

unclear ", The use of molecular techniques has enabled
researchers in understanding the epidemiology of this
pathogen in the past years ", There are several studies
describing the C. psittaci carrier status of urban pigeon
populations, especially from fecal droppings have been
reported recently %2122, |n Iran, there are available reports
on molecular detection of C. psittaci in feces of pigeons 232,
However, in this study, we examined urban pigeons for
detection of C. psittaci from the blood, liver and muscle
tissue using molecular techniques in Iran.

MATERIAL and METHODS

All experiments were carried out under the ethical
guidelines of the Islamic Azad University of Shahrekord
Branch (92/910, in 2013).

Sample Collection

The pigeons were bought from different pigeon
retail shops across Iran, where they were sold for food.
Experiment criteria include pigeons those show clinical
signs such as lethargy, anorexia, ruffled feathers, nasal dis-
charge, diarrhea, and excretion of green to yellow-green
feces. A total of 90 birds comprising of 26 female and 64
male pigeons were sampled between December 2013
and February 2014. The total number of samples were
270, including 90 blood, 90 muscle tissue and 90 liver
samples and these were aseptically collected into well
labeled sample bottles for detection of ompA gene of C.
psittaci using PCR.

DNA Extraction

Genomic DNA was extracted from each sample with
DNA extraction kit (CinnaGen, Iran), according to the
manufacturer’s instructions. The quality and quantity of
extracted DNA was measured at 260 nm optical density
according to the method described by Sambrook and
Russell 2, The extracted DNA of each sample was kept
frozen at -20°C until used. C. psittaci strain ATCC VR-125
(Genekam Biotechnology AG, Germany) was used as
positive control and a negative-DNA control was performed
by adding 1 ul of sterile ultrapure deionized water.

Gene Amplification

The ompA region was amplified by PCR using primers
CPsitt-F (5'-GCTACGGGTTCCGCTCT-3") and CPsitt-R (5-TTTG
TTGATYTGAATCGAAGC-3’) as described by Heddema for
ompA region (accession number AB512087.1) "%, Primers
were analyzed at the NCBI using the experimental GENINFO
BLAST Network Service to assess degree of homology
between these primers and other reported sequences.
The samples were placed in a thermal cycler (Mastercycler
gradient, Eppendrof, Germany) with an initial denaturation
step for 5 min at 95°C, then amplified for 30 cycles of
denaturation for 1 min at 94°C, alignment for 1 min at 57°C,
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extension for 1 min at 72°C and, final extension step for 7
min at 72°C. PCR products were separated by 2% agarose
gel electrophoresis stained with solution of Ethidium
Bromide and examined under Ultra Violet illumination
(Uvitec, UK). The DNA molecular weight marker was used
as a size marker.

Analysis

The prevalence analysis was computed in percentage
and presented using simple frequency.

RESULTS

From a total of 90 urban pigeons C. psittaci was
detected in 16 (17.78%) blood samples, 14 (15.56%) liver
samples and 5 (5.56%) samples of muscle tissue (Table
1). Higher prevalence was observed in the blood while
lowest detection was recorded in the muscle tissue. The
rate of detection was higher in the male compared to
the female pigeons for all samples (Fig. 1). The expected
size of amplicons for C. psittaciis 1041 bp (Fig. 2).

DISCUSSION

C. psittaci is a lethal intracellular bacterial species that
causes avian Chlamydiosis, epizootic outbreaks in mammals
and respiratory psittacosis in humans. The surveillance and
its detection is essential in understanding the epidemiology
of this bacteria and associated risks to humans. The

Table 1. Prevalence of C.psittaci in samples determined by PCR

Tablo 1. PCR ile doku 6rneklerinde belirlenen C. psittaci prevalansi

Sex NUMBErof Prevalence N (%)
Samples Muscle Tissue Liver Blood

Female 26 1(3.85) 4(15.39) 3(11.54)
Male 64 4 (6.25) 10(15.63) | 13(20.31)
Total 90 5(5.56) 14(15.56) | 16(17.78)

25

20
o
2 15
)
E @ Female
210 uMale

ETotal
0
Muscle tissue Liver Blood
Samples

Fig 1. Distribution of C. psittaci in pigeons in the different samples and
different sexes

Sekil 1. Glvercinlerin degisik orneklerinde ve cinsiyete gore C.

psittaci'nin yayginhgi

Fig 2. Ethidium bromide-stained agarose gel electrophoresis of PCR
products (1041 bp) for detection of ompA gene in Chlamydophila
psittaci in pigeon samples. Lane 1: DNA ladder (100 bp Ladders,
Fermentas, Germany); lanes 2 and 3 (1041 bp): positive samples; lanes
4 and 5: negative samples and negative control. And lanes 6: positive
control (1041 bp)

Sekil 2. Guvercin doku orneklerinde etidyum bromir ile boyanarak
agaroz jel elektroforez ile belirlenen Chlamydophila psittaci ompA
genini gosteren PCR Urlinleri (1041 bp). 1. situn: DNA merdiveni (100
bp merdiven, Fermentas, Almanya); 2. ve 3. stitunlar (1041 bp): pozitif
ornekler; 4. ve 5. sttunlar sirasiyla negatif 6rnek ve negatif kontrol. 6.
stitun: pozitif kontrol (1041 bp)

detection of C. psittaci from pigeons in Iran as observed
in this study further reinforce the fact that pigeon served
as reservoir of infection and sometimes without clinical
signs. To the best of our knowledge, this is the first study
in Iran that detected C. psittaci from sample sources other
than fecal droppings in pigeons. Available reports such
as Doosti et al?”, Doosti and Arshi 2! and Madani et al.?¥,
have all worked on the detection from cloacal swabs and
fecal droppings. The prevalence of C. psittaci observed
in this study (5.56-17.78%) were closely similar to that
reported by Hedemma et al.", Doosti et al.?”? and Doosti
and Arshi ¥ but, lower than 23.5% reported by Madani
et al.? in Iran. The reason for higher prevalence of C
psittaci in male pigeons from all the samples more than
female pigeons is not clear. However, this may suggest
that infection with C psittaci in pigeons is sex dependent
and this may incriminates sex as a risk factor of infection
among pigeons. This may also suggest the increase risk of
exposure to C. psittaci in humans who keep male pigeons
as pet or come in contact with male pigeons frequently.

Aerosol transmission has been considered as the
primary way of bacteria entry ¥ causing respiratory
disease in both mammals and birds 2., Exposure to
infected birds’ feces, nasal discharges, and aerosol droplets
are important transmission way as well. The detection
of C. psittaci from muscle tissue and liver, as observed in
this study, may suggest ingestion or food borne route as
another means of exposure especially among animals
who preyed on pigeons or human who eat pigeon meat
(squab) as delicacies. The possibilities of occupational
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exposure during processing of pigeons for human
consumption need to be considered as highest prevalence
of C. psittaci spread. Dickx et al.”" has reported detection
of C. psittaci among the employees, chicken and turkey in
a slaughterhouse in Belgium, and this further reinforce
C. psittaci as an occupational hazard.

The detection of C. psittaci in the blood, liver and
muscle tissue of pigeons may be very important in the
pathogenesis of C. psittaci in pigeons. Page 8%, in his
work on experimental infection of turkey with C. psittaci,
reported that Chlamydia were present in the blood, liver,
spleen and kidney 48 h post inoculation and 72 h post
inoculation in muscles, testes and ovaries. Later, Chlamydia
was found in large number in cloaca and nasal turbinate.
Furthermore, Vanrompay et al.BY, from their experiment
on pathogenesis of C. psittaci in turkey, reported that
Chlamydaemia was observed in these turkey before
chlamydial replication could be detected in the digestive
tracts, 3-5 days post infection. The higher detection of
Chlamydia in blood in this study supported the possibility
of early detection of Chlamydia in birds before detection
from feces or cloacal swabs.

The prevalence of chlamydial infections in pigeons has
been reported worldwide and is consistently high. The
actual risk to humans of the infection from these birds is
difficult to quantify. From this study, we concluded that
pigeons serve as a reservoir of C. psittaci for other animals
and humans. Also, male pigeons had higher prevalence
of C. psittaci and possibly higher risk of infection to
humans than female pigeons. Continuous surveillance
of this bacterium will go along way in understanding the
distribution and risks associated with Chlamydia infected
pigeons. This will be beneficial in prevention and control
of the infection in humans.
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Abstract

Peste des petits ruminants (PPR) is an economically important contagious disease of small ruminants. PCR-based techniques
have been successfully used for rapid diagnosis of PPR. The method used for isolation of RNA from tissue samples is an important
concern when using reverse transcription-PCR (RT-PCR) methods for the detection of PPR virus (PPRV). In this study, a commercial
kit for manual preparation and an automated processing technique for RNA extraction were compared in terms of performance.
Thirty-two small ruminants, each from different flocks, with PPR suspect submitted to laboratory were chosen to compare
manual and automated extraction methods for the detection of PPRV. Vero cells were used for PPRV isolation. One-step RT-PCR
was used for the detection of PPRV RNA. From the 32 submitted samples, CPE was observed in 11 samples. PPRV nucleic acid
was detected in 11 of 32 samples that were manually extracted, while viral RNA was detected in 9 of 32 extracts prepared by
the robot. Two samples that were negative with automated extraction were weakly positive in manual extraction. RNA quality
and quantity were assessed using a spectrophotometer. According to the results, difference in quantity among two methods
was statistically significant (P<0.0001, two-tailed paired t-test), and manual extraction method is suitable for detection of low
amounts of PPRV RNA in clinical samples.

Keywords: RNA purification, Manual, Automated, Quality, Quantity, RT-PCR

Peste Des Petits Ruminants Virus RNA’sinin Tespitinde Manuel ve
Otomatik Niikleik Asit Ekstraksiyon Yontemlerinin
Karsilastiriimasi

Ozet

Koyun ve keci vebasi (PPR), kiiglik ruminantlarin ekonomik agidan énemli, bulasici bir hastaligidir. Gliniimiizde PCR tabanli teknikler,
PPR'In hizli tanisi icin basariyla kullaniimaktadir. PPR virusunun (PPRV) tespitinde reverse transkripsiyon PCR (RT-PCR) metotlar
kullanihr iken, doku &rneklerinden RNA izolasyonu igin kullanilan yéntem 6nem arz etmektedir. Bu calismada, RNA ekstraksiyonu
icin ticari manuel bir kit ve otomatik bir isleme teknigi performans acisindan karsilastirilmistir. Laboratuvara PPR siphesi ile
gonderilen herbiri farkli siriden otuz iki kiglikbas hayvan, PPRV tespitinde manuel ve otomatik ekstraksiyon yontemlerinin
karsilastiriimasiigin secilmistir. Vero hiicreleri PPRV izolasyonu icin kullanilmistir. PPRV RNA'sinin tespiti icin one step RT-PCR metodu
kullanilmigtir. Otuz iki 6rnekten, 11 adetinde sitopatojenik efekt (CPE) gézlenmistir. Manuel ekstraksiyon metodu ile 32 6rnegin
11'inde PPRV niikleik asidi tespit edilirken, robot kullanilarak yapilan otomatik ekstraksiyon metodu ile 9 6rnekte viral RNA tespit
edilmistir. Otomatik ekstraksiyon metodu ile negatif tespit edilen 2 6rnek, manuel ekstraksiyon metodu sonucu zayif pozitif olarak
tespit edilmistir. Manuel ve otomatik ekstraksiyon sonucu elde edilen RNA miktari ve kalitesi spektrofotometre cihazi kullanilarak
karsilastinimistir. Elde edilen sonuglara gore, iki metot arasinda elde edilen RNA miktar farki istatiksel olarak 6nemli bulunmus
(P<0.0001, iki - kuyruklu t - testi) olup, klinik 6rneklerdeki diisiik miktardaki PPRV RNA'sini tespit etmek icin manuel ekstraksiyon
metodu daha uygundur.

Anahtar sozciikler: RNA purifikasyonu, Manuel, Otomatik, Kalite, Miktar, RT-PCR
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INTRODUCTION

Peste des petits ruminants (PPR) is an acute and highly
contagious viral disease of domestic and wild small
ruminants that is characterized by fever, purulent ocular
and nasal discharge, diarrhoea and enteritis "\ Cattle,
buffaloes and camels can become infected, although they
are not susceptible to clinical disease 2.

The causative agent, peste des petits ruminants virus
(PPRV), belongs to the genus Morbillivirus within family
Paramyxoviridae along with rinderpest virus (RPV),
measles virus (MeV), canine distemper virus (CDV), and
morbilliviruses of marine mammals 4, Based on the
basis of partial sequence analysis of the fusion protein (F)
and nucleoprotein (N) genes, PPRV can be grouped into
four lineages 57 PPR viruses belonging lineages | and I
have been found exclusively in west and central Africa 7%,
Lineage Ill has been isolated from eastern Africa and
Arabian Peninsula whereas lineage IV has been isolated in
Asia, Middle East and northern Africa ©3,

Serological assays can be used to detect the presence
or absences of antiviral antibodies "'*. Neutralization and
isolation of virus in cell culture are time-consuming, and
require special laboratory requirements, so they aren’t
suitable for routine diagnosis . Recent advances in
molecular biology have led to the development of reliable
and faster diagnostic tests for diagnosis of PPR. Reverse
transcription-PCR (RT-PCR) provides rapid, sensitive and
reliable diagnosis of the disease >'¢, Samples of nasal and
ocular discharge and anticoagulant-treated blood from
live animals or lymph nodes, especially the mesenteric and
bronchial nodes, lungs, spleen and intestinal mucosa from
necropsied animals are used for diagnosis PPR ['.

The method used for isolation of RNA from tissue
samples is an important concern when using reverse trans-
cription-PCR (RT-PCR) methods for the detection of PPRV.
The aim of this study was to compare the performance
of a manual extraction method, QlAamp (Qiagen), and
an automated extraction instrument, MagNA Pure LC
(Roche Applied Sciences), with each other for the detection
of low amounts of PPRV RNA in clinical samples. The
time, effort, and reagent costs for both methods were
analysed. Furthermore, various routine RT-PCR methods
were tested and compared using RNA extracted with both
methods.

MATERIAL and METHODS

Samples and Positive Control

During January-December 2012, 32 animals (20 sheep
and 12 goats), each from different flocks with no vaccination
history, suspected to have PPR were submitted to the
Veterinary Control Institute, Konya, Turkey. Tissue samples

(lung, liver, spleen and mesenterial lymph node) were
collected from 32 animals, aged between 1 and 24 months,
were tested for PPR virus by RT-PCR. All tissue samples
were kept at -85°C prior to sample preparation and the
RT-PCR assays. Lyophilized freeze-dried live PPR vaccine
(Nigeria75/1 vaccine strain) obtained from the Division
of Virology, Etlik Central Veterinary Control and Research
Institute, Ankara, Turkey, was used as the positive control.

Virus Isolation

Tissue samples of each animal were combined and
homogenised in PBS containing antibiotics using tissue
rupture (Qiagen, Valencia, CA) to give a 10% suspension.
The suspensions were then centrifuged at 3.000 g for 15
min at 4°C. Supernatants were filtered (0.2-um pore size)
and then inoculated on to Vero cells, and maintained in
Dulbecco’s minimum essential medium supplemented
with 5% foetal bovine serum. The cultures were incubated
at 37°C in 5% CO, atmosphere and daily examined for
appearance of cytopathic effect (CPE). All materials were
passaged in Vero cell cultures for three times. If CPE was
not observed even after 3 blind passages, the sample was
considered negative. Supernatants of CPE-positive cultures
were examined for nucleic acid of PPRV using RT-PCR.

Analytical Sensitivity and Specificity Experiments

Supernatants of CPE-positive cultures were collected
and virus titres (PFU/ml) were determined on Vero cells in
a standard plaque assay. Panels of PPRV were created by
serial dilution (10° to 10* PFU/ml) in nuclease-free water
(Qiagen, Valencia, CA). Virus dilutions were extracted by
each method and PPRV RNA was detected by RT-PCR.
Nuclease-free water (negative control) was used per
extraction method.

RNA Extraction Methods

Viral RNA was extracted from supernatants of CPE-
positive cultures using two different methods. Manual
RNA extraction of the supernatants was performed with
the RNeasy Mini kit (Qiagen, Hilden, Germany) according
to the manufacturer’s instructions (140 pl sample input, 50
pl output). The MagNA Pure LC 2.0 system (Roche Applied
Science, Indianapolis, IN, USA) was applied for RNA
extraction from supernatants using with the Magna Pure
LC total nucleic acid isolation kit (Roche Applied Science,
Indianapolis, IN, USA) following the manufacturer’s
instructions (200 pl sample input, 100 pl sample output).

RNA Quantity and Purity

A spectrophotometer (NanoDrop ND-1000, Thermo
Fisher Scientific, Wilmington, U.S.A.) was used for the RNA
concentration of each sample after RNA extraction. The
ratio of the absorbance at 260nm and 280 nm was used to
assess purity of RNA. A ratio of ~ 2.0 was used as a standard
for pure RNA. Additionally, the ratio of the absorbance at
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260 nm and 230 nm was calculated to assess purity of RNA,
and considered to represent pure RNA within the range
of about 1.8-2.0 "7,

RT-PCR Methods

The quality of manually and robotically extracted RNA
was tested in two different RT-PCR methods. One-step
RT-PCR was performed with primers (PPRVF1b/PPRVF2d)
which amplify a 448 bp fragment on fusion (F) protein
gene sequence ), and primers (N1/N2) which amplify a 463
bp fragment on nucleocapsid (N) protein gene sequence
using One-step RT-PCR kit (Qiagen, Hilden, Germany).
The assay was carried out in a 20 pl reaction mixture
containing, 20 pmol of each primer, 4 ul of the 5Xone step
RT-PCR buffer (Qiagen, Germany), 10 mmol dNTPs, 0.8 pl
of One Step RT-PCR enzyme mix (Qiagen, Germany) and 3
microliters of the extracted RNA using a PTC 100 Thermal
cycler (MJ Research Inc,, USA). The amplification conditions
used were reverse transcription step of 30 min at 50°C
and 15 min at 95°C, followed by 40 cycles at 94°C for 1 min,
50°C for 1 min and 72°C for 2 minutes and final extension
step in 72°C for 10 min. The PCR products were analysed
on 1.5% agarose gel after electrophoresis at 90 V for 45 min.

Time and Cost Analysis

The cost analysis per sample for both manual and
automated techniques was performed described by
elsewhere '), The cost analysis per sample were included

the commercial kit, reagents, consumables, and the total
time requirements for processing.

Statistical Analysis

Pairwise comparison of manual and automated
techniques was performed by using two-tailed paired
t-test. P<0.05 was considered to be statistically significant.
All statistical analysis was performed with GraphPad InStat
version 3.10 (GraphPad Software, San Diego, CA, USA).

RESULTS

Virus Isolation

The PPRV isolates were successfully isolated in Vero
cells at passage level one after 3-4 days of infection. From
the 32 submitted animals, CPE was observed in tissue
samples of 11 animals.

RNA Quantity and Purity

Supernatants of CPE-positive cultures (n=11) were
used for the comparative analysis of RNA extraction and
purification of the RNeasy Mini kit (Qiagen, Hilden, Germany)
and the MagNA Pure LC 2.0 system (Roche Applied Science,
Indianapolis, IN, USA). The quantity of RNA obtained with
manual extraction was significantly (P<0.0001) higher
than automated extraction. Samples that were manually
extracted displayed a mean concentration of 303.3+38.7
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Table 1. Analytical sensitivity of manual and automated methods

Tablo 1. Manuel ve otomatik metotlarin analitik sensitivitesi

Extraction No. Positive/Total no. Tested at a Viral Input (PFU/ml) of:

e 100 10 102 10° 10+
RNeasy Mini kit 11/11 11/11 10/11 5/11 0/11
MagNA Pure 11/11 10/11 9/11 4/11 0/11

Table 2. Time and cost comparison for manual and automated RNA extraction
Tablo 2. Manuel ve otomatik RNA ekstraksiyonlarinin zaman ve maliyet karsilastirmasi

Extraction Method No. of Extracted Specimens Total Time (min)/run® Hands-on Time (min)/run | Cost (U.S. Dollars)/Sample
RNeasy Mini kit 32 100 85 5.31
MagNA Pure 32 95 20° 7.89¢

kits with reagents for 96 extractions (the cost of plastics is not included)

4 Total time includes hands-on time, ® Hands-on time for the MagNA Pure does not include time necessary to homogenize stored tissue samples,  List price for

ng/ul (range = 250-377.6 ng/pl) whereas extracts prepared
by the automated extraction showed a mean concentration
of 88+26.1 ng/ul (range 45-120.3 ng/yl; Fig. 1a).

Furthermore, the quality of extracts was assessed by
comparing the 260/280 ratios of RNAs. The mean value
of the manual extracts was 1.94+0.04 (range=1.87-2.0),
and the automated extracts displayed a mean value of
1.78+0.23 (range=1.12-2.02; Fig. 1b).

The ratio of the absorbance at 260 and 280 nm
(A260/280) was significantly different between manual
and automated techniques (P=0.0327). Next, the ratio of
the absorbance at 260 and 230 nm (260/230), used as
a secondary measure of nucleic acid purity, ratio was
determined. RNA extracted with both methods showed
ratios below the optimum (manual: 1.16+0.09; automated:
1.7+0.4; P=0.0003).

Analytical Sensitivity of PPRV RT-PCR after
Extraction of RNA by Manual and Automated Methods

The sensitivity of PPRV detection by RT-PCR after
extraction by manual and automated methods was
compared (Table 1).

All CPE-positive samples (n=11) at 10° PFU/ml were
detected by RT-PCR after manual and automated extraction,
but no replicates of PPRV at 10* PFU/ml were detected by
RT-PCR after extraction by all two methods. None of the
negative controls was positive by RT-PCR after manual and
automated extraction.

PPRYV Detection in Clinical Specimens after
Extraction by Manual and Automated Methods

In order to compare the efficacies of PPRV RNA
extraction from different clinical specimens, tissue samples
(including lung, liver, spleen and mesenterial lymph node)
were extracted by each method and PPRV RT-PCR was
performed with using F and N gene specific primers. The

results of RT-PCR (based upon the PPRV F and N genes)
were concordant in 30 of 32 samples that were extracted
by all two methods (9 of 32 positive for PPRV RNA; 21 of
32 PPRV RNA were not detected). PPRV RNA was weakly
detected in the two samples that were extracted manually
whereas not detected by automated method.

Time and Cost Analysis

The amount of time required for sample processing
and costs were compared for both manual and automated
methods (Table 2).

The times required for extraction of a comparable
number of samples by the manual RNeasy and MagNA
Pure methods were equivalent. However, the actual
hands-on time was less for the automated compared
to the manual extraction method. MagNA Pure reagents
for RNA extraction were more expensive than RNeasy
Mini kit.

DISCUSSION

Peste des petits ruminants is one of the important
viral disease of small ruminants, and has been detected
in all regions of Turkey since it was first officially reported
in 1999 U819, Different types of tests are available for
diagnosis of PPR such as virus isolation, ELISA and RT-
PCR. Virus isolation is not routinely available in diagnostic
laboratories because of time consuming. RT-PCR methods
are recommended by OIE for confirmation of clinical
cases. Therefore, RT-PCR methods have been commonly
used to diagnose PPR in many diagnostic laboratories
in Turkey.

Extraction is the first step in RT-PCR methods. Extracted
nucleic acid concentration and purity are important to
obtain reliable results. In recent years, different manual and
automated extraction methods are used for diagnosis of
diseases. In this study, we assessed RNA extracts generated
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by the manual (Qiagen, Hilden, Germany) and automated
extraction (Roche Applied Science, Indianapolis, IN, USA)
methods.

Our data demonstrate that manual and automated
methods specificities were identical at 100%, and manual
extraction’s analytical sensitivity of PPRV detection by
RT-PCR was better than the automated extraction (Table
1). These results are consistent with those of Riemann
et al.'"”? who reported that quantity and quality of the
generated DNAs were slightly higher using the manual
extraction method. However, Knepp et al.?” reported that
analytical sensitivity of enterovirus detection by RT-PCR
is similar after RNA extraction by manual and automated
methods. A possible explanation for this result may be
the differences between kits which were used for manual
extraction. In this study, we used RNeasy Mini kit (Qiagen,
Hilden, Germany), but they used QlAamp Viral RNA kit
(Qiagen, Hilden, Germany) for manual extraction. For both
extraction methods no false positive results were obtained
when negative controls were tested. These findings in
agreement with previous reports 12022, but seems contrary
to previous study that reported false positive results
were obtained by using MagNA Pure system 23, Possible
explanation for this result may be contamination happened
during the pipetting steps of the extraction protocol.

Furthermore, in the present study the yield of manually
prepared RNAs was 344% higher than the yield of
automated extracts when the procedures were performed
according to the supplier’s manual. Similarly, the purity
of manually extracted RNAs was closer to the optimum
value compared to RNAs produced by the MagNA Pure.
However, the 260/230 ratios determined for both methods
are far below the optimum. Remaining salts in the eluate
usually account for these low values. lonic strength is known
to influence the absorbance of nucleic acids, especially
the absorbance at 260 nm @4, It may be explain why low
260/230 ratios obtained by MagNA Pure. Since Magna
Pure LC total nucleic acid isolation kit contains high ionic
strength buffers.

Discordant results of PPRV RT-PCR were observed from
two samples that were previously demonstrated to contain
PPRV by virus isolation. Two samples extracted with the
MagNA Pure failed to generate fragments. The lack of
concordance appears to correlate with the effectiveness of
the extraction technique (as defined by sensitivity studies
above). Studies with serially diluted PPRV demonstrated
a trend of higher sensitivity after extraction by manual
method.

In this study, PPRV RNA was detected by F and N gene
based RT-PCR methods. It has been reported that N gene
based primers are more sensitive than F gene based
primers ., However, we obtained consentient results
between F and N gene based RT-PCR methods. All CPE-
positive samples were found positive with both methods.

Also, no false positive results were obtained when negative
controls were tested.

In our experience, when we used manual and automated
methods for direct extraction from tissue samples, we
obtained much and pure nucleic acid (especially RNA)
concentrations by manual method than automated
method. We suggest that magnetic beads in automated
methods influence the concentration of nucleic acids. In
automated methods, magnetic beads coated with nucleic
acids (DNA or RNA), and these stuck nucleic acids can't
fully separated from magnetic beads. Therefore, obtained
concentrations of nucleic acids are low.

A major concern in the implementation of manual
methods to extract nucleic acid for use in amplification
assays is the potential for contamination. We did not
observe any contamination after extraction by RNeasy
Mini kit. Likewise, MagNA Pure reduce the chances of
contamination of samples. MagNA Pure provides an
integrated tip guard to prevent dripping by the tips and
UV sterilization between runs.

From a cost perspective, the MagNA Pure and RNeasy
Mini kit extraction differed minimally at approximately
$2.5/sample each. Less hands-on time and the fact that
approximately two to three times the number of specimens
can be processed at once make the MagNA Pure a real
alternative for larger sample preparations, even though the
cost per sample is higher than that for RNeasy extractions.

Nowadays, manual and automated extraction methods
can be used for detection of PPRV RNA from field samples.
Automated extraction methods minimize the potential
sample contamination compared to the manual methods.
Also, they demanded much less hands-on time than the
manual methods. The first and most important step in
molecular diagnosis of PPRV infection is the nucleic acid
isolation. From our data, it was concluded that both RNA
extraction methods (manual; 11/32, automated; 9/32)
demonstrated similar performance, with no significant
difference (P=0.7879). However, manual extraction
performed slightly better analytical sensitivity, by 5%,
than the automated extraction (Table 1). Accordingly,
our results suggest that manual extraction is suitable for
RNA extraction when small numbers of tissue samples
needed to be examined.
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Abstract

Bovine mastitis is the greatest source of economic loss in the dairy industry. Rapid and definitive detection of causative agent is very
important for treatment and control of the disease. The aim of this study was to compare culture and polymerase chain reaction
techniques for diagnosis of agents in subclinical bovine mastitis. For this purpose, after conducting the California Mastitis Test on 540
cows, 79 milk samples were analysed by the classical culture method and simplex polymerase chain reaction. Forty-three of samples
were found positive by both methods, differences were found only seven samples. While coagulase negative staphylococci these
seven samples were determined by culture method, coagulase negative staphylococci and S. dysgalactiae were determined together
by polymerase chain reaction. The results of this study indicate that the polymerase chain reaction is more sensitive than culture
method and could detect pathogens at the species level within a few hours from directly milk samples. Rapid and relieable molecular
techniques can be useful method in farm level detection for fast decision about the culling or treatment.

Keywords: Bovine mastitis, Culture, Polymerase Chain Reaction

Sut Sigirlarinda Sub-klinik Mastitisin Tanisinda Kiiltiir ve
PCR Yontemlerinin Karsilastirilmasi

Ozet

Sigir mastitisleri st sigircihgr endistrisinde ekonomik kayiplarin en énemli nedenidir. Mastitiste etkeninin hizli ve kesin tanisi
hastaligin tedavisi ve kontroll agisindan ¢cok énemlidir. Bu calismanin amaci subklinik sigir mastitislerinde etkenin tanisi icin kaltr
ve polimeraz zincir reaksiyonu tekniklerinin karsilastirimasidir. Bu amagla, 540 inegin California Mastitis Test ile muayenesinden
sonra, pozitif bulunan 79 adet sit 6rnedi, klasik kiltir metodu ve direkt sitten yapilan polimeraz zincir reaksiyonu ile analiz edildi.
Kirk ti¢ 6rnekte her iki yontemde de mikroorganizma belirlenirken, sadece 7 6rnekte iki teknik arasindan fark goérildi. Bu 7 6rnekte
kaltur yontemiyle sadece Koagiilaz Negatif Stafilok belirlenirken, polimeraz zincir reaksiyonu ile Koagiilaz Negatif Stafilok digsinda S.
dysgalactiae yoniunden de pozitif bulundu. Bu ¢alismanin sonuglari polimeraz zincir reaksiyonunun kiltiir ydnteminden daha duyarli
oldugunu ve direkt olarak siit numunesinden hedef etkenin bir kag saat icinde saptanabilecegini gésterdi. Hizli ve giivenilir molekiiler
tekniklerin kullanimi mastitiste stiriiden ¢ikarma veya tedavi etme konusunda hizli karar verilebilmesinde yardimci olabilir.

Anahtar sozciikler: Sigir mastitisi, Kiltiir, Polimeraz Zincir Reaksiyonu

INTRODUCTION More than 130 different microorganisms have been
identified in cases of bovine mastitis . According to

Mastitis is one of the most common causes of economic ~ Primary sources, the bacteria responsible for bovine
loss in dairy cattle farming. It has been reported that the =~ mastitis can be divided into environmental (Escherichia
economic loss in a mastitis case can range from 107 to 344  coli, Streptococcus dysgalactiae, Streptococcus parauberis
(U.S. Dolars) per cow in some countries "2, and Streptococcus uberis) and contagious (Staphylococcus
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aureus, Streptococcus agalactiae, Trueperella pyogenes
(formerly Arcanobacterium pyogenes, Actinomyces pyogenes,
Corynebacterium pyogenes) and Mycoplasma spp.)
categories . In recent years, the increasing importance
of Coagulase-Negative Staphylococci (CNS) has been
emphasised P9, In addition; yeast such as Candida spp.
has been reported to be more isolated in areas with higher
moisture than in other regions ..

Mastitis is classified as clinical or subclinical according
to clinical appearance. The diagnosis of subclinical mastitis
cannot be made from symptoms; diagnosis requires
special tests. Due to latent infection in subclinical mastitis,
it may spread throughout the farm and causes a high level
of economic loss “#, Early diagnosis of subclinical mastitis
is important in order to treat and prevent the spread of the
disease by applying the appropriate security measures 1%,

Although the milk culture is considered the gold
standard test for diagnosing mastitis, there are several
disadvantages associated with this technique. Growing
microorganisms in vitro can be suppressed by factors such
as antibiotic residue, inflammatory cells and mediators
in milk, and infectious agents can be very low in number
in subclinical mastitis ' The prevalence of false negative
results using bacterial culture methods has increased the
importance of Polymerase Chain Reaction (PCR) analysis;
its usage in diagnosing mastitis has been proposed for the
rapid and reliable detection of agents with high sensitivity.
And a few of microorganisms in the samples can be
detected by PCR "%l In addition, the use of molecular
techniques has been suggested for detecting fastidious
microorganisms such as Mycoplasma spp.l''® and for
discriminating of strictly related microorganisms such
as S. parauberis and S. uberis "%, For the prevention and
control of the disease, routine and periodical control and
detection of mastitis agens is very important point 1%,

The aim of this study was to compare the reliability
of classical culture and PCR as means of detecting bacterial
or yeast agents in bovine subclinical mastitis.

MATERIAL and METHODS

Sampling

Prior to sampling, ten well-managed farms with an
average fifty cattle per farm were selected from around
Hatay, Turkey. Somatic Cell Counts in the bulk milk
sampled farm were in the range between 125.000 and
380.000/ml. The average clinical mastitis in the sampled
herd rate was below 2%, the rate of subclinical mastitis
was 14.6%. Totally 2160 milk samples from 540 cows
were tested with California Mastitis Test (CMT). CMT was
performed according to Schalm et al.?". According to
visible reactions the results were classified into 5 scores:
(0) = negative, () = trace, (+1) = weak positive, (+2) =
distinct positive, and (+3) = strong positive. In the study,

the milk samples were only taken from subclinical infected
udder halves, but clinical infected milk (positive with strip-
cup test) was not taken into consideration for this study.
Totally CMT positive 79 subclinical milk samples were
collected aseptically according to a standard procedure 2
and transferred to the laboratory within 1-3 h in a 4-8°C
cooler for the microbiological analyses (The clinical
samples were taken with permission with MKU Local
Ethics Commitee. Meeting Date 17.06.2010: Meeting No:
2010/02: Decision No: 30).

Bacteriological Culture

The milk samples were mixed and 100 pl of milk were
streaked onto Blood Agar and (supplemented with 7%
defibrinated sheep blood) and Mac Conkey’s Lactose
Agar and Sabouraud Dextrose Agar. Bacteriological and
mycological isolation and identification were performed
by the classical culture method and standard biochemical
tests according to accepted standards 22, For the isolation
of yeast, after incubation 5 days at 30°C, colonies growth in
the Sabouraud Dextrose Agar were stained Gram method
and they were identified according to their macroscopic
and microscopic properties. For the bacterial identification,
after incubation for 24 and 48 h at 37°C, colonies in Blood
Agar Plates were examined for colony characteristics,
morphology and haemolysis properties. Mixed colonies
in the plates were sub-cultured by transferring into new
agar plates for the obtain pure culture. Sub-cultured pure
colonies were evaluated macroscopically and stained with
Gram method. Then, catalase and oxidase test put in the
implement for all of isolates.

Catalase positive and oxidase negative, coccus-shaped
isolates were included member of Staphylococcus spp. After
tube coagulase test with rabbit plasma, Staphylococcal
isolates were classified as coagulase positive and coagulase
negative. Further characterisation of coagulase positive
isolates were made with thermostable nuclease test and
mannitol fermentation.

Gram positive, coccus-shaped, catalase negative
and oxidase negative isolates were included member of
Streptococcus spp. For the further characterization of these
isolates, the Christie-Atkins-Munch-Petersen (CAMP)
reaction, esculin hydrolysis on Edwards Medium (Oxoid,
Basel, Switzerland), sodium hippurate hydrolysis.

Gram positive, small curved rod-shaped, catalase
negative and oxidase negative isolates were confirmed
as T. pyogenes (formerly Arcanobacterium pyogenes). And
other routine biochemical tests, nitrate reduction, gelatin
hydrolyzation, urease production, Oxidation-Fermentation,
were carried out to identify the isolates.

For the Mycoplasma spp. isolation, 1 ml of milk
sample was transferred to 9 ml of PPLO broth medium
(supplemented with horse sera, thallium acetate, and
penicillin) and incubated at 37°C for two weeks under
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microaerophilic conditions. After the incubation, 100 pl
aliquots were transferred from the PPLO broth medium
to PPLO agar (supplemented with horse sera, thallium
acetate, and penicillin) and incubated at 37°C for two
weeks under microaerophilic conditions according to
Carter ¥ and Quinn et al.”**!,

Molecular Diagnosis

For the PCR analyses, S. aureus (ATCC 25923) and S.
epidermidis (ATCC 12228) from department collection, and
Mycoplasma bovis ATCC 25025 DNA (Dr. Jessie Truijillo,
IOWA State University of Science and Technology, College
of Veterinary Medicine, Department of Veterinary Micro-
biology and Preventive Medicine) were used as positive
control DNA. One ml of milk sample was transferred into a
sterile plastic tube and centrifuged at 5.000 x g for 5 min,
after which the pellets were resuspended with 1 ml of sterile
PBS (Phosphate-Buffered Saline, pH 7.4). This washing was
performed three times to remove calcium ions and other
inhibitors . The pellets were then resuspended in 300
ul of TE buffer (10 mM Tris-HCl pH 7.5, T mM EDTA) and a
nucleic acid extraction was implemented according to the
method of Sambrook and Russell 2. Extracted DNA pellet
was dissolved in 100 pl of TE buffer and stored —20°C until
used in the PCR analyses. The properties of the primers
are shown in Table 1. The simplex PCR protocols and
procedures were carried out according to their references.

Table 1. Properties of primers used in the study

Tablo 1. Calismada kullanilan primerlerin 6zellikleri

After amplification, ten microliters of each amplification
reaction mixture was analysed by electrophoresis performed
with a 1.5% (wt/vol) agarose gel stained with ethidium
bromide (0.7 pg/ml). After migration with 160 volts for 30
min, amplification products were visualized under ultra-
violet light.

Cost Analyses

The total costs for culture and PCR analyses were
determined for only reagents and plastic consumables
used in the analyses, not labor costs and laboratory
equipment. PCR reagents were calculated for 79 samples
and ten simplex PCR analyses because of the all samples
were used PCR analyses for each studied primer sets. In
the culture, cost for the first isolation were calculated for 79
samles, but costs for biochemical test were calculated for 43
isolates after first isolation. Price quotations were obtained
two commercial companies, and in the calculation the
most lower prieces were used.

Statistical Analysis

Kappa analysis was used the determination of
agreement in the results in the both methods used in
this study. All statistical analyses were performed using
Statistical Package for Social Sciences (SPSS) for Windows
Statistical Package Version 14.0.

Agent Target Gene Primer Name Primer Sequences Annealing Temp (°C) | Reference
Staph294-318 5'-GCCGGTGGAGTAACCTTTTAGGAGC-3'
Staphylococcus spp. 16s rRNA 55 @7
Staph 1522-1540 | 5-AGGAGGTGATCCAACCGCA-3’
Eco 2083 5'-GCTTGACACTGAACATTGAG-3’
E. coli 23SrRNA 64 Ll
Eco 2745 5'-GCACTTATCTCTTCCGCATT-3'
Sau 327 5'-GGACGACATTAGACGAATCA-3’
S.aureus 23S rRNA 64 1)
Sau 1645 5'-CGGGCACCTATTTTCTATCT-3'
Sag 40 5'-CGCTGAGGTTTGGTGTTTACA-3’

16S rRNA gene 60 e
Sag 445 5'-CACTCCTACCAACGTTCTTC-3"

Sdy 105 5'-AAAGGTGCAACTGCATCACTA-3’
16S rRNA gene 57 1)
Sdy 386 5'-GTCACATGGTGGATTTTCCA-3’

Spa 301 5-GCGACGTGGGATCAAATACT-3'
23S rRNA gene 57 e
Spa 1219 5'-TACCATTACCTCTAAAGGTA-3’

Sub 302 5'-CGAAGTGGGACATAAAGTTA-3’
23S rRNA gene 56 e

Strep. agalactiae

Strep. dysgalactiae

Strep. parauberis

Strep. uberis

Sub 396 5'-CTGCTAGGGCTAAAGTCAAT-3’
membrane Mb 1113-1133 5'-TATTGGATCAACTGCTGGAT-3'
M. bovis lipoprotein 55 (28)
P81gene Mb 1542-1560 5'-AGATGCTCCACTTATCTTAG-3’
Plo1 5'-GGCCCGAATGTCACCGC-3’
T. pyogenes Plo gene 55 120
Plo2 5'-AACTCCGCCTCTAGCGC-3'
Cab1 5"-TATTAAAGTTGTTGCAG-3'
Candida spp. rRNA gene 52 30]

Cab2 5-CCTGCTTTGAACACTCTAATTT-3'
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RESULTS

In the result of the analyses, 43 (54.43%) of 79 CMT
positive samples were found positive by both culture
method and simplex PCR. Of 36 (45.57%) samples were not
any isolation by culture method and they were also found
negative by PCR. Totally eight different results profiles
were determined both PCR and culture methods. The
types of result profiles were shown in Table 2. Forty-three of
samples were found positive by both methods, differences
were found only seven samples. While coagulase negative
staphylococci these seven samples were determined by
culture method, coagulase negative staphylococci and
S. dysgalactiae were determined together by polymerase
chain reaction. Comparison of results for each samples
were shown in the Table 3.

In the statistical analysis of eight results profiles, results
for CNS and S. dysgalactiae in PCR (26 samples positive)
and culture (19 samples positive) were found as substantial
agreement (k 0.785) and other results were found as
almost perfect agreement (k 1.000).

In the result of cost analyses, total cost for culture
method were calculated to be 465.28  (Turkish Liras
aproximately 206.42 U.S. Dollars), and for PCR analyses were
determined 1076.52 1 (1076.52 Turkish Liras aproximately
47760 U.S. Dolars). Of the costs in the PCR were consisted
of 210.62 b (93.44 U.S. Dollars) and 865.90 © (384.16 U.S.
Dollars) PCR tests.

Table 2. Comparison results of culture method and PCR from milk samples

Tablo 2. Siit 6rneklerinden kdiltiir ve PCR sonuglarinin karsilastiriimasi

Results PCR Method | Culture Method
1 CNS + S. dysgalactiae 26 samples 19 samples
2 CNS 4 samples 4 samples
3 S.dysgalactiae 2 samples 2 samples
4 S.aureus +S. dysgalactiae 2 samples 2 samples
5 CNS + S. uberis 5 samples 5 samples
6 CNS + S.agalactiae 1 samples 1 samples
7 CNS + S. dysgalactiae + T. pyogenes | 1 samples 1 samples
8 Candida spp. 2 samples 2 samples

DISCUSSION

The early and accurate diagnosis is important for
treatment and control of mastitis that can effects animal
and human health. The PCR method is widely used
for the diagnosis of mastitis "', In this study, it was
compared the results of diagnosis of subclinical mastitis
using the bacterial culture and PCR analysis methods.
Although seven samples positive for only CNS by culture
method, these seven samples in the PCR analyses were
found positive CNS and S. dysgalactiae. Other results for
each samples in the culture method were the same with

results of PCR analyses. In the result of this study, PCR
was found more sensitive than culture method on the
analysing of milk samples from subclinical bovine mastitis.
Similarly our study, Phuektes et al."" found that multiplex
PCR was more sensitive than culture for S. aureus and S.
uberis, but not significantly different for S. agalactiae
and S. dysgalactiae in bovine milk samples. Amin et al.2"
reported that simplex and multiplex PCR were more
sensitive than culture in detecting S. aureus, E. coli, and S.
agalactiae in milk. And, they suggested that PCR could be
used as a rapid and sensitive method for detecting those
microorganisms. Karahan et al.®? compared the culture
and multiplex PCR methods for diagnosing bovine mastitis
and reported that multiplex PCR was more successful
than culture for detecting S. aureus and S. agalactiae. And,
Gillespie and Oliver B3 reported that, the real-time PCR
technique correctly identified 91.7% of S. aureus, 98.2%
of S. agalactiae, and 100% of S. uberis. They noted that
multiplex real-time PCR has the potential for simultaneous
identification of these agents with 95.5% sensitivity and
99.6% specificity. Above all Koskinen et al.*¥ reported that
PCR was more sensitive than culture methods especially
multiple species in the milk samples. And their results
supported that in this study,altough seven samples were
positive for CNS in culture method, but in the PCR analyses
these seven samples were positive for CNS and S.
dysgalactiae. All of these studies about comparing PCR and
culture in milk samples from bovine mastitis suggested
that PCR had more useful than conventional culture in for
speed, interpretation of results, and sensitivity.

Nelson et al.®® compared that phenol-chloroform
extraction method with two different commercial DNA
extraction kits in the bacterial DNA extraction from
human fecal specimens for analyses by Real Time PCR.
They reported that phenol-chloroform extraction method
was te cheapest (0.25 Australian Dollars per samples)
extraction methods. Turenne et al.?® compared costs of
culture method and bacterial 16S rRNA gene targeted
a fluorescence-based PCR-single-strand conformation
polymorphism (SSCP) protocol for the identification of
bacteria from blood samles. They calculated all costs for
reagents and labor costs in their study, and time for each
analyses. Researchers reported that the average cost for
conventional identification per blood culture isolate was
ranged from $39 to $45 (U.S. currency) and in the molecular
analyses wiht SSCP was to be $21 (U.S. currency). Also, they
reported the identifaciton time was 24 h SSCP, but in the
culture was changed 1 to 8 days. In this study, PCR costs
(477.60 U.S. Dollars) found nearly 2,3 times higher than
culture costs (206.42 U.S. Dollars). These differences may
be caused from high prices of PCR reagents in our country
or didnt calculation of labor cost in this study.

In conclusion, PCR might has the potential for the
rapid and reliable diagnosis of a large number of milk
samples. And also, it would be beneficial for use as an
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Table 3. Comparison of culture method and PCR results for the each sample

Tablo 3. Her bir drnek i¢in kiiltiir ve PCR sonuglarinin karsilastiriimasi

Staph Sau Tp Sag Sdy Sub Can
No SC
ccm PCR ccm PCR ccMm PCR ccm PCR ccm PCR ccm PCR ccMm PCR
1 2 + + - - - - - - - - - -
2 9 + + - - - - - - - - + + - -
3 10 + + - - - - - - - - - -
4 11 + + - - - - - - - - - - - -
5 12 + + - - - - - - - - + + - -
6 14 + + - - - - - - - - - -
7 16 + + - - - - - - - + - - - -
8 20 + + = = = = = = + + = - = =
9 21 + + - - - - - - + - - - -
10 22 + + - - - - - - + + - - - -
11 24 + + - - - - - - - - - - - -
12 25 + + - - - - - - + + - - - -
13 28 + + - - - - - - + + - - - -
14 29 + + - - - - - - + + - - - -
15 32 + + - - - - - - + + - - - -
16 35 + + - - - - - - + + - - - -
17 36 + + - - - - - - - - - - = =
18 38 + + - - - - - - + + - - - -
19 42 + + - - - - - - - - - - = =
20 43 + + 3 3 = = = = + + = - = -
21 46 + + 3 3 = = = = + + - - = -
22 47 + + - - - - - - + + - - - -
23 48 + + - - - - - - + + - - - -
24 51 + + - - - - - - + + - - - -
25 52 + + - - - - - - - + - - - -
26 53 + + = = = = = = - + - - - -
27 54 + + - - - - - - - + - - - -
28 55 + + - - - - - - - + - - - -
29 56 - - - - - - - - + + - - - -
30 57 + + - - - - - - - + - - - -
31 58 + + - - - - + + - - - - - -
32 60 + + - - - - - - - + - - - -
33 62 - - - - - - - - + + - - - -
34 63 + + - - - - - - + + = = = =
35 64 + + = = = = = - + + - - - -
36 66 + + = = = = = = + + = = = =
37 67 + + - - + + - - + + - - - -
38 68 + + = = = = = = + + = = = =
39 71 + + - - - - - - + + - - - -
40 72 - - - - - - - - - - - - + +
41 73 - - - - - - - - - - - - + +
42 77 + + - - - - - - + + - - - -
43 79 + + - - - - - - + + - - - -
ot PR 39 39 2 2 1 1 1 1 24 31 5 5 2 2
NR 4 4 41 41 42 42 42 42 19 12 38 38 41 41
SC: Sample Code, Staph: Staphylococcus spp., Sau: Staphylococcus aureus, Tp: Trueperella pyogenes, Sag: Streptococcus agalactiae, Sdy: Streptococcus dysgalactiae,
Sub: Streptococcus uberis, Can: Candida spp. CCM: Conventional Culture Method, PCR: Polymerase Chain Reaction, + positive, - negative, PR: Positive results,
NR: Negative results
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auxiliary diagnosis technique to culture. Further studies
on developing advanced molecular tecniques based PCR
analyses for contagious or major mastitis agents can be
useful tool for carrying out the checks at farm level.
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Abstract

For evaluation of pet birds as a resource of Helicobacter pullorum, 100 cecal content samples were collected from 50 finches and 50
Australian parrots, with no clinical signs suggestive of systemic and/or enteric disease, in Iran. DNA was extracted from cecal samples
and PCR was carry out for identification of H. pullorum 16S rRNA gene. Results showed, H. pullorum DNA was detected in 3 of the 50
(6%) cecal samples of finch and 6 out of 50 (12%) cecal samples of Australian parrot. This study represents that finch and Australian
parrot can be a source of H. pullorum infection and serve as reservoirs for the H. pullorum.

Keywords: Australian Parrot, Finch, Helicobacter pullorum

Evcil Kuslarin Sekum iceriklerinden Helicobacter pullorum 16S
rRNA Geninin Amplifikasyonu

Ozet

Helicobacter pullorum kaynagi olarak evcil kuslarin degerlendirilmesi amaciyla iran'da sistemik veya enterit klinik belirtileri géstermeyen
50 ispinoz ve 50 Avustralya papaganindan toplam 100 sekum icerigi 6rnegi toplandi. Sekal 6rneklerden DNA ekstraksiyonu yapildi ve
H. pullorum 16S rRNA geninin identifikasyonu amaciyla PCR gerceklestirildi. H. pullorum geni 50 ispinozun 3’iinde (%6) ve 50 Avustralya
papadaninin 6'sinda (%12) belirlendi. Calismanin sonuglari ispinoz ve Avustralya papaganinin H. pullorum enfeksiyonu kaynagi ve bu
etken i¢in reservuar olabilecegini gostermistir.

Anahtar sézciikler: Avustralya papagani, Ispinoz, Helicobacter pullorum

finding of Helicobacter resources is very important. Hence,
the aim of this study was to investigate the frequency of
Helicobacter in cecal content of finch and Australian parrot
in Chaharmahal-va-Bakhtiyari and Mazandaran Provinces,
West and North of Iran. The aim of this study was to
determine the occurrence of H. pullorum in pet birds by
using polymerase chain reaction (PCR) to clarify the role
of pet birds as reservoir of this bacterium in Iran.

INTRODUCTION

Helicobacter pullorum is a gram-negative species,
slightly curved rod with monopolar, nonsheathed flagella,
classified in ureas-negative enterohepatic group of
Helicobacters ™ which naturally colonize the gastro-
intestinal tract surface . H. pullorum has been linked with
enteritis and hepatitis in broiler chickens and laying hens,
and diarrhea, gastroenteritis, and liver disease in humans .

This bacterium can be considered a foodborne human
pathogen M. Although there are some studies on the
prevalence of H. pullorum in poultry 34 [imited information
is present in other birds ©. Until now, there are no report
on the presence of H. pullorum in pet birds. To reduce
contamination and illness caused by H. pullorum, the

MATERIAL and METHODS

Fifty cecal content samples from 50 finches and
Australian parrots (each of them) was collected from 20
pet markets in Chahrmahal-va-Bakhtiyari and Mazandaran
province, west and north of Iran. The sampled birds had
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no clinical signs suggestive of systemic and/or enteric
disease. DNA was extracted from cecal content samples
using a commercial DNA extraction kit (AccuPrep, Bioneer
co., South Korea).

PCR was carried out to amplify a fragment of 447 bp
of the 16S rRNA gene of H. pullorum. The sequence of
the primers was as follows: forward primer: 5'-ATGAA
TGCTAGTTGTTGTCAG; reverse primer: 5'-GATTGGCTCC
ACTTCACA ¥, PCR amplification was performed in PCR
buffer containing 1.5 mM MgCl,, 200 pM each dNTPs,
10 pM each primer, and 1.0 unit of Tag polymerase
(Fermentas, Germany) in a 25 pL total reaction volume.
The gene ruler 100-bp DNA ladder plus (Fermentas,
Germany) was used. The amplification was carried out
in a thermal cycler (Mastercycler Gradient, Eppendorf,
Germany) under the following conditions: an initial
denaturation at 94°C for 5 min, followed by 35 cycles of
denaturation, annealing, and extension at 94°C for 1 min,
60°C for 90 sec, and 72°C for 90 sec, respectively, and
a final extension at 72°C for 5 min. The PCR product
was then analyzed by electrophoresis in 1.5% agarose
gel and visualized under UV light after staining with
ethidium bromide.

RESULTS

In the inspection of sampled birds no clinical signs
were observed. In PCR, a 447 bp fragment of H. Pullorum
16S rRNA gene was amplified in 3 out of 50 finches
(6%) and 6 out of 50 Australian parrot (12%) (Fig. 1). The
positive samples were collected from 5 different pet
markets in both Chahrmahal-va-Bakhtiyari and Mazandaran
provincesin Iran.

447
i — —

500

Fig 1. PCR amplification of the 16S rRNA gene of Helicobacter pullorum
in cecal content of finch and Australian parrot (M: DNA ladder marker;
lanes 1, 2 and 3: positive samples)

Sekil 1. ispinoz ve Avustralya papaganinin sekum iceriklerinden
Helicobacter pullorum 16S rRNA geninin PCR amplifikasyonu (M: DNA
merdiven markiri; serit 1, 2 ve 3: pozitif drnekler)

DISCUSSION

This study showed the infection of digestive contents
of Australian parrot and finch by H. pullorum and
demonstrated that 6% cecal content samples of finch
and 12% cecal content samples of Australian parrot were
positive for the 16SrRNA gene of H. pullorum. Presence
of H. pullorum in the cecal contents of these bird species
indicates its ability to colonize in digestive system of these
birds. Previous reports showed that H. Pullorum could infect
the digestive system of human and avian species. This
bacterium was isolated from digestive contents of broiler
chicken, laying hens "7}, guinea fowl ¥ and in a psittacin
bird Bl Moreover, H. pullorum has been isolated in fecal
samples from humans with gastroenteritis in the UK, Canada,
Germany and Switzerland ®! and its DNA was detected
from gallbladder of a woman suffering from chronic
cholecystitis and from livers of patients suffering from
cirrhosis and/or hepatocarcinoma "', However, lack of
knowledge about pathogenic mechanisms of the bacterium
has made it difficult to relation of bacteria with disease signs.
In infected persons, no history of human contact with
birds was reported so far. Nevertheless, recent studies
demonstrated that H. pullorum could be an initiator of the
intestinal inflammation, because of the releasing cytolethal
distending toxin, leading to activation of kB-necrozing
factor pathway in the mucous intestine cells 2. However,
Infection of apparently healthy finch and Australian
parrots with H. pullorum indicated that these birds might
be referred as a source enterohepatic pathogenic bacteria
in humans and causing digestive problems to humans.

Several studies have investigated the infection status
of the birds with H. pullorum ®'%, which their comparisons
are more complex because of using different samples and
techniques, like culture or PCR. Several epidemiologic
studies demonstrated prevalence of this micro-organism
in cecal content of birds, especially layer and broiler
chicken, ranging from 4% © to 100% '* that depending
on the bird species, diet type, keeping and growing
system, different samples and techniques for the bacteria
detection. This is the first report refer to infection rate of
H. pullorum from cecal contents of the pet birds (finch and
Australian parrot) in Iran. It is necessary to conduct more
studies on carriage of the H. pullorum in different bird
species and its pathogenicity in humans.
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Case Report

Anorectal Malformation with Colovesical and Colourethral
Fistula in Two Calves
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Abstract

This paper reports the evaluation of anorectal malformations with two different fistula in two calves. During clinical examination atresia
ani and meconium coming from preputium was observed in both calves. Distention of intestines was viewed in radiological examination.
Surgical treatment had been preferred in both calves. During surgery it was observed that colon was connected to the bladder with tube-
like formation in calf 1.In calf 2 colo-urethral fistula was detected during necropsy. The clinical, surgical and necropsy findings of anorectal
malformations with colovesical and colourethral fistula in two calves has been reported for the first time. As a conclusion, the localization
of the fistula and the condition of the animal could affect results of surgical treatment.

Keywords: Anorectal malformation, Colovesical, Colourethral fistula, Calf

iki Buzagida Karsilasin Anorektal Malformasyon ile
Birlikte Gozlenen Kolovesikal ve Kolouretral Fistiil Olgusu

Ozet

Bu makalede iki ayri buzagdida iki farkli fistilt bulunan anorektal malformasyonun degerlendirilmesi sunulmustur. Her iki buzaginin klinik
muayenesi sirasinda atresia ani ve mekonyumun prepisyumdan geldigi belirlendi. Radyografik muayenede ise bagirsaklarin genisledigi
gozlendi. Her iki buzaginin opeartif tedavisine karar verildi. Birinci buzaginin operasyonunda kolonun tip seklinde bir yapi ile idrar
kesesine baglandigi belirlendigi. ikinci buzagida ise kolonun urertraya fistiillestigi nekropsi sirasinda anlasildi. Kolovesikal ve koloiiretral
fistule sahip iki buzaginin klinik, cerrahi ve nekropsi bulgulari ilk defa sunulmaktadir. Sonug olarak, fisttiltin lokalizasyonu ve hayvanin
genel durumu cerrahi tedavinin sonucunu etkileyebilmektedir.

Anahtar sozciikler: Anorektal malformasyon, kolovesikal, kolouretral fistiil, buzagi

necropsy findings '“®, however, there are several studies
reporting the surgical treatment of atresia ani with recto-
vaginal fistula in alpaca and calves 1374,

INTRODUCTION

Congenital defects, abnormalities of structure or
function present at birth, may be caused by genetic or
environmental factors, or a combination of both, however,
in many cases, the causes are unknown. Developmental

The aim of this study is to report the surgical treatment
results and prognosis of anorectal malformation with colo-
vesical and colourethral fistulas in two calves. According

defects may be lethal, semi-lethal, or compatible with
life, causing esthetic defects or may have no effect on
the animal "2, Congenital intestinal malformations occur
frequently in cattle. There are several types, each with its
own prognosis. Atresia ani and atresia recti are hereditary
malformations, which occur often in calves and sometimes
in sheep 8. Urogenital anomalies are most commonly
induced as a consequence of cloacal membrane defects
during embryogenesis . Atresia ani or recti with recto-
vaginal (recto-vestibular) fistula are reported in calves as

to authors’ knowledge, these type anomalies have not
ever been reported.

CASE HISTORY

Calf 1

The calf was referred to our clinics with a complaint
of defecation. In clinical evaluation of two-day-old male
Simental breed calf, lack of anal opening and meconium
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coming from the prepuce were observed (Fig. 1). In radio-
graphic examination only gas and feces were detected.
Complete blood cell count and blood serum biochemical
analysis were normal. However, urinalysis released feces
particles, leucocyte and protein. General anesthesia was
induced using isoflurane (2-3%) in oxygen delivered
through a mask held over the nose and mouth, and
maintained with isoflurane in oxygen through an endo-
tracheal tube. A 16 gauge catheter was placed to jugular
vein for intraoperative fluid therapy and postoperative
medication. Trimethoprim Silfadimetilprimidin 40 mg/kg
(Triprim, Interhas, Ankara, Turkey) and flunixin meglumine
1.1 mg/kg (Fundamin, Bavet, Istanbul, Turkey) were
administered before surgery. Epidural anesthesia was
performed with bupivacaine 0.2 ml/kg (Marcaine, Astra
Zeneca, Istanbul, Turkey) at the level of the sacrococcygeal
space. Surgery was performed by median laparotomy. The
colon was connected to the bladder in tube-like formation
(Fig. 2). Two sutures were placed and after transection
of the connection, the end of openings was sutured
separately in routine manner. Right flank colostomy was
performed, because distance between anus and colon was
not appropriate to connect colon to the perineal region.

During the first 24 h following surgery, except defecation
incontinence, the calf was seen to defecate normally. Three
and six months following surgery, the calf was healthy
and well growing, however, the esthetic appearance of
colostomy was not seemed well.

Calf2

In clinical evaluation of one-day-old male Simental
breed calf, lack of anal opening and meconium coming
from the prepuce and tenesmus were observed. In radio-
graphy of the abdomen megacolon and enlargement of
secum with gas were detected. Complete blood cell count
and blood serum biochemical analysis were normal. Same
anesthesia procedure of calf one was used in calf two.

Fig 1. In case one, the meconium was seen in and around the prepuce

Sekil 1. Birinci olguda preplsyumun icinde ve etrafinda mekonyum
gorilmekte

Trimethoprim Sulfadimetilprimidin 40 mg/kg (Triprim,
Interhas, Ankara, Turkey) and flunixin meglumine 1.1 mg/
kg (Fundamin, Bavet, Istanbul, Turkey) were administered
before surgery. Epidural anesthesia was performed with
bupivacaine 0.2 ml/kg (Marcaine, Astra Zeneca, Istanbul,
Turkey) at the level of the sacrococcygeal space. Surgery
was performed by median laparotomy. During exploration
of abdomen, secum and large intestines were full of
gas, especially ascending colon was enlarged and full of

Fig 2. Connection of colon to urinary bladder with tube-like formation.
C- Colon, UB- Urinary bladder, arrow: Tube-like formation connecting
colon and urinary baldder

Sekil 2. Kolonun idrar kesesine tiip seklinde bir baglantiyla baglanmasi.
C- Kolon, UB- Idrar kesesi, Ok: Kolon ve irdrar kesesini baglatinsini
saglayan tup

Fig 3. The appearance of connection colon to the urethra. C- Colon, UB-
Urinary Bladder, U- Urethra, Arrow: connection site

Sekil 3. Kolonun iiretraya baglantisinin gériinimii. C- Kolon, UB- idrar

Kesesi, U- Uretra, Ok: birlesim yeri
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meconium. The urinary bladder was incised and urinary
catheter was applied from urinary bladder through urethra.
Although, urinary bladder was empty catheter was filled
with meconium when the catheter passed through the
urethra. During surgery cardiac arrest was occurred, despite
cardiopulmonary resuscitation calf was died. According
to necropsy finding colon was opened to urethra with a
small fistula (Fig. 3).

DISCUSSION

Intestinal atresia is considered to be associated with
interruption of the blood supply to a localized segment of
embryonic intestine resulting in atrophy, disappearance of
the affected segment, or failure of the affected to undergo
further development ©'%, Stenosis and atresia of the lumen
are the most common congenital malformations of the
gastrointestinal tract in most species. These malformations
can occur at any level and are usually single rather than
multiple abnormalities """, Failure of the urorectal fold to
properly divide into the embryonic cloaca, can lead to
the persistence of cloacal remnant. This malformation
is usually associated with atresia ani and in these cases
the terminal rectum joins the dorsal aspect of either the
caudal vagina or the vestibule and thus, rectovagina or
rectovestibular fistula is formed ©. In case one, atresia
ani-recti and opening of the colon to the urinary bladder,
which has not been reported before, were diagnosed.

Several literatures, which usually necropsy findings are
presented, have been reported the anorectal malformations
with multiple disorders #6124, Successful surgical treatment
of anorectal malformation with recto-vaginal (recto-
vestibular) fistula is reported only in two case reports 78,
According to the authors’ knowledge, successful surgical
treatment results of anorectal malformation with multiple
disorders in calves have not been presented before. Survival
is largely dependent on the calf’s condition at referral and
on the intestinal segment affected "2, The main causes
of survival after surgical treatments were; early surgical
intervention and normal general condition at referral. It is
believed that general condition was not deteriorated due
to evacuation of feces by the fistula. Correction of atresia
ani may not be warranted in animals with severe multiple
deformities 2. Fistula that accompanies anorectal
malformations was not severe deformities; moreover
these positively affected the condition of the calves.

The surgical treatment of atresia ani implies the
achievement of a patent opening the intestinal tract in the
perineal region. Several surgical methods have been used
to correct atresia coli or jejuna. Steenhaut recommended
right flank colostomy if the entire colon and rectum are

involved. Postoperative complications such as prolapsed
of the colon and unacceptable esthetic results limited the
feasible application of the procedure ' Flank colostomy
was preferred, because it was impossible to attach the
colon to the perineal region. The only major complication
in flank colostomy was the esthetic appearance as
mentioned in the literature 21,

If economic value is considered, surgical treatment
choice can be preferred in anorectal malformation with
fistulas. Early surgical repair, general condition and
localization of the fistula are the effective points of the
prognosis. However, further retrospective studies should
be performed to confirm this statement.
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Case Report

Visceral Gout (Uricosis) and Urolithiasis Caused by Dehydration in
Laying Hen Farm, Necropsy and Histopathology Findings
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Abstract

This case report describes visceral gout in laying hens caused from deprivation of water supply as a consequence of limiting
access for drinking water. In two different layer farms, nineteen week old pullets had a sudden and increased mortality rate. Gross
pathology revealed typical uricosis lesions including: deposition of uric acid and its salts in kidney, pericardium, liver, muscle atrophy
and dehydration. The changes seen microscopically were consistent with end stage renal failure due to chronic renal disease and
other organs had lesions consistent with visceral gout. Subsequent to the diagnosis, owners instituted improved water access, and
mortalities decreased. This case report emphasizes the importance of early diagnosis of chicken gout, need of training for poultry
farmers and field veterinarians for early and proper prevention of visceral gout in laying hens.

Keywords: Visceral gout, Urolithiasis, Dehydration, Pullet

Yumurtaci Tavuk Ciftliginde Dehidrasona Bagl Visseral Gut
(Urikozis) ve Urolitiazis, Nekropsi ve Histopatolojik Bulgular

Ozet

Bu vaka sunumunda yumurtac tavuklarda icme suyu eksikligine bagh olarak sekillenen visseral gut olgusu tanimlanmistir. iki
ayri isletmede ani ve artmis mortalite orani ile toplam 19 adet pili¢ bildirildi. Makroskobik bakida b&breklerde, perkardiyumda ve
karacigerde Urik asit ve tuzlariin yigintilari, kas atrofisi ve dehidrasyon ile karakterize tipik Urikozis lezyonlari gézlemlendi. Mikoskobik
bulgular kronik bébrek hastaligina bagh son safha bébrek yetmezligi bulgulari ile uyumlu olup diger organlardaki lezyonlar visseral
gut isaret etmekteydi. Teshisi takiben ciftlik sahiplerinin hayvanlarin su alimlarini iyilestirmeleri sonucunda 6liimler azaldi. Bu vaka
takdimi visseral gutun yumurtaci tavuklarda erken teshis ile ciftlik yoneticilerinin ve veteriner hekimlerin konu hakkinda egitilmelerinin
hastaligin erken ve uygun bir sekilde 6nlenebilmesi acilarindan 6nemini vurgulamaktadir.

Anabhtar sézciikler: Visseral gut, Urolitiazis, Dehidrasyon, Pilig

and metabolic factors, infectious causes, toxicity and
other factors. One prominent cause is water deprivation
which leads to concentration of uric acid and other minerals
in the blood and later in the kidney. The infectious causes,
such as nephrotropic strains of infectious bronchitis virus
and renal cryptosporidiosis; and noninfectious factors,
such as vitamin A deficiency 23, treatment with sodium
bicarbonate, mycotoxins, such as oosporein “. Another

INTRODUCTION

The commercial laying hen industry is one of best
developed branches of agriculture in Kosova, comprising
about 1 million laying hens . In former time egg
production was mostly centralized in state cooperatives,
and recently this industry is growing as private business.
However, many farmers entering this field lack relevant

experience, and so there are numerous health problems
surfacing.

Visceral gout occurs secondary to kidney damage which
can have numerous etiologic reasons, including: nutritional

cause of visceral gout is also if the feeding growing birds
layer rations that are high in calcium and protein 4%,
Whenever there is kidney damage, excretion of uric acid
gets affected and uric acid starts accumulating in the
blood and later in tissues.
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Visceral gout and urolithiasis are reported as an
important cause of renal failure in pullets and caged laying
hens . Lack of access to water is a primary contributing
cause and this can happen during transport, blockage
of nipples, inadequate number of nipples, overcrowding
etc. Severe or persistent dehydration increases resorption
of water causing a subsequent\reduction in urine flow.
As uric acid secretion decreases, urates may precipitate
in renal tubules and ureters leading to impaction and
potentially renal failure 17,

The cause of gout is often difficult to determine.
The original kidney damage may occur long before the
onset of gout mortality. Visceral gout is rarely diagnosed
ante mortem and usually diagnosed only at necropsy
and findings are generally sufficient to diagnose gout in
poultry 27,

The purpose of this report is to describe importance of
proper diagnosis of visceral gout caused by dehydration in
order to reduce mortality outbreaks, and lessons from this
study can be applied to further improvements of disease
prevention and control.

CASE HISTORY

Clinical Signs

In 2012 and again in 2014, we were contacted by farmers
having increased mortality in their large laying farms. The
first farm had 17.000 pullets and the second had 20.000
pullets. The clinical signs were characterized by sudden
onset of depression, low feed intake, dehydration, and rise
in mortality. In both farms the onset of the mortality in
flock of 19 to 28 weeks old is reported. In week 19 mortality
rate was about 20 pullets per day with peak of mortality
on weeks 20-26 with about 90 pullets per day. From week
26 until the mortality has reduced in week 28 compared
to normal mortality rate. In the first farm the total number
of dead pullets was 3.000 pullets (out of 17.000 initially),
or 17.9%. At the second farm, mortality was 3.500 pullets
(from 20.000 pullets initially), or 17.5%. Mortality has been
reduced and stopped within short period after proper
access to the water has improved for 2 to 4 weeks. In both
farms pullets were vaccinated with complete program,
including protection against infectious bronchitis virus.

Pathological Findings

The necropsy is done in dead layers (45 layers
respectively 22 in first farm and 23 pullets in second farm)
aged between 19 to 24 weeks-old.

Macroscopical Findings

The most prominent change was observed on the
serosal surface of organs of multiple organs, where there is
a diffuse deposition of white chalky material (Fig. 7). Kidneys

Fig 1. Advanced visceral gout with extensive deposits of urates on the
pericardium, surface of the liver and peritoneum

Sekil 1. Perikardiyum, karaciger ve periton ylizeylerinde yogun Urat
depozitleri ile karakterize ileri seviyede visseral gut

Fig 2. Urolithiasis involving right ureter and kidney atrophy with
compensatory hypertrophy of the left side of the kidney

Sekil 2. Sag ureterde Urolitiazis ve atrofi ile sol bobrekte kompanse
hipertofi

were irregularly shaped and often markedly enlarged, but
still with atrophy of selected lobules (Fig. 2). Dead birds
were dehydrated and in poor body condition, the breast
muscles were dry and atrophic (Fig. 3). The ureters were
markedly enlarged with irregular white uroliths (Fig. 4). The
large uroliths often completely filled and greatly expanded
the affected ureter.

Histopathology findings: The changes seen in the
kidneys were consistent with end stage renal failure due
to chronic renal disease. In kidney the numerous tubules
have degenerate heterophils in the lumen while other
tubules have proteinous casts in the lumen. Some tubules
were ruptured due to crystalline array formation with multi-
nucleated giant cells (tophi formation). A few tubules were
acutely necrotic with intact heterophilic infiltrates. Many
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Fig 3. Pullet dehydration and musculature atrophy
Sekil 3. Pilicde dehidrasyon ve kas atrofisi

Fig 4. Picture showing, a- Bilateral urolithiasis and b- Urolith

Sekil 4. a- Bilateral tirolitiazis, b- Urolit

of the organs showed lesions consistent with visceral gout.
In ureters the lumen was dilated and lined by flattened
epithelium that was often sloughing, with abundant
eosinophilic material in the lumens, occasionally mineralizing.

There were multiple areas of fibrosis in the tubules near the
ureters and surrounding the ureters. The proventriculus
had a few submucosal glands with focal areas of necrosis
and hemorrhage. In sections of spleen, there were multiple
tophi throughout the parenchyma. The liver had sections
with individual hepatocyte dropout/necrosis. Fibrin thrombi
were evident in sinusoids multifocally. The heart had
crystals on the epicardial surface.

DISCUSSION

Dehydration due to water deprivation is a common
cause of visceral urate deposition in domestic poultry ©.
Dehydration in cage farming is generally caused by inability
to reach the water or failure to provide adequate amount
of water. In the cases presented here, mortality decreased
after it was ensured that pullets had sufficient water.

In presented case report the onset of mortality in both
farms was on week 19, and continued for 5 to 6 weeks with
total mortality of 17.9% of pullets (3.050 from 17.000) in
first farm and 17.5% from total flock (3.500 from 20.000)
in second farm.

The mortality rate was slightly higher comparing with
figures with case of uricosis described by Blaxland et al.®,
where mortality was 10 to 15% of the birds with highest
mortality on 19 to 24 weeks old. The mortality rate it is also
reported from total flock ranging between 2% and 50%
in severely affected flocks ..

The pathogenesis of visceral gout is not completely
understood but generally is considered to be the acute
form of disease causing huge mortality characterized by
the urate deposits on serosal surfaces, most often in the
liver, kidney, pericardium, heart and air sacs reported in
different authors >4, Similar necropsy and histopathology
findings are presents in this case report. In many cases of
second most evident finding were urolithiasis characterized
by blockage of one or both ureters by urate concretions
with attendant atrophy of one or more lobes of the kidney
drained by the obstructed ureter. The presence of uroliths
in the kidney leads to compensatory hypertrophy of
remaining renal tissue. Affected birds often appear normal
until ureteral flow from the contralateral kidney is blocked,
leading to lethargy, straining, and death . Urolithiasis is
condition seen particularly in caged laying hens ¥\,

Visceral gout and urolithiasis as a cause of pullet and
layer mortality continues to be a diagnostic challenge. For
the field veterinarians still seem to be difficult to react until
etiologic factors are better defined it is difficult to make
specific recommendations. In order to prevent visceral
gout Charlton et al® recommended to observe reasonable
limits of calcium and available phosphorus in rations during
grow-out and to avoid electrolyte imbalance, mycotoxins
and water deprivation.
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Abstract

On April 2014, 6 months old male Brown bear cub that found in the Saray district of Van province was brought into Directorship
of Wild Animal Protection of University of Yiizlinci Yil. Despite all the intervation, bear cub, very poor condition in clinically, dead
after two days. In postmortem patological and parasitological examination were detecded severe hemorrhagic enteritis and many
hookworms with white colour and approximately 1 cm diameter in surface of the small intestine. In stereo microscopic examinations,
it was concluded that this worms are Uncinaria spp. This case report represents the first time Uncinaria spp. have been reported in
Brown bear in Turkey.

Keywords: Uncinaria, Brown bear cub, Turkey

Tiirkiye’'nin Dogu Anadolu Bélgesi Van ilinde Bir Boz Ay
Yavrusunda Siddetli Uncinaria (Dochmoides) sp. (Nematoda:
Ancylostomatidae) Enfeksiyonu ile ilgili ilk Bildiri

Ozet

Nisan 2014'te 6 aylik erkek boz ayi yavrusu Van'in Saray ilcesinde bulunarak Yiziincii Yil Universitesi Yaban Hayvanlarini Koruma
Mudurligine getirildi. Klinik olarak ¢cok kot durumdaki ayr yavrusu tim midahalelere ragmen 2 glin sonra 6ldi. Postmortem
patolojik ve parazitolojik incelemelerde yavru ayinin ince bagirsaklari yiizeyine tutunmus olarak ¢ok sayida beyaz renkli ve yaklasik
1 ¢cm uzunlugunda kancali kurtlar ve siddetli hemorajik enterit saptandi. Mikroskopla yapilan incelemeler sonucunda nematodlarin
Uncinaria spp. oldugu sonucuna varildi. Tirkiye'de boz ayilarda Uncinaria spp. enfeksiyonu ilk defa bu olgu sunumuyla bildirilmistir.

Anahtar sozciikler: Uncinaria, Boz ayi yavrusu, Tiirkiye

INTRODUCTION Members of Baylisascaris are common in bear and have
been reported all species except Tremarctos ornatus. The

The Brown bear (Ursus arctos) is the national animal hookworms detected in bears are Ancylostoma and Uncinaria
for a number of states in North America, Europe and Asia.  sPecies. Four species of hookworm in Ancylostoma
The Brown bear is the largest carnivore living in Turkey.  (Ancylostoma brasiliens, A. ceylanicum, A. malayanum and A.
Its present distrubution is mainly confined to the intact ~ caninum) were reported from captive sloth bears in India #4.
natural habitats of the Black Sea and Eastern Anatolian  Four species of Uncinaria (U. yukonenensis, U. rauschi, U.
regions 1. Brown bears are omnivorous and oppurtunistic, ~ stenocephalaand U. ursi) have been reported from bears .

feeding on fruit, roots, insects, mammals and carcasses . . o o
Hookworm infections in bears like in any other gastro-

Many intestinal parasites including protozoa, tapeworms,  intestinal parasite it is likely that the most severe effects
cestodes and nematodes are found in bears. Ascaris and  may be seen in newborn cubs and impaired absorbtions
Baylisascaris are common ascaridoid nematodes in bears.  from the intestines and can cause severe clinical sings. In
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infected animals, there are bloody faeces, anorexia and
weight loss. In juveniles, severe infection may result in
poor body condition and can be fatal 7.,

Uncinaria spp. is a common parasite of carnivores.
Adult form of Uncinaria spp. live in the intestine and
feed on blood, which can lead mucosal damage, serious
clinical signs that may occur with Uncinaria spp. including
haemorragic diarrhoea, anemia and weight loss due to
malabsorption ),

CASE HISTORY

On April 2014, 6 months old male bear cub that found
in the Saray district of Van province in wooded area by
shepherds was brought into Directorship of Wild Animal
Protection of University of Yuzincl Yil (Fig. 1). In bear cub,
despite all the interventions that can be kept alive for 2
days, hypothermia, bloody diarrhea, apathy and anorexia
were clinically present.

In pathological examination severe ulcerative
hemorrhagic enteritis was detected. In postmortem macro-
scopic parasitological examination numerous worms with
white color about 1 cm in length in surface of small intestine

Fig 1. Brown bear cub in poor condition clinically

Sekil 1. Klinik olarak kot durumdaki boz ayi yavrusu

Fig 2. Many hookworms and severe hemorrhagic enteritis in small
intestine of bear cub

Sekil 2. Yavru ayinin ince barsaklarinda cok sayida kancalikurt ve
siddetli hemorajik enterit

was detected (Fig. 2). A large number of hookworm eggs
were seen in microscopic faecal examination (Fig. 3).

Measurements of some morphofological properties of
worms that was found in small intestine of bear cub: The
length of males was 7.4-8.2 mm and the diameter was
0.340-0.387 mm. Oesophagus was club-shaped, 0.784-
0.820 mm long and 0.178-0.196 mm thick (Fig. 4). Both
spicules were slender, long, equal in lenght as 0.813-0.889
mm. The bursa comprised two big lateral lobes and a
single small dorsal lobe (Fig. 5). Buccal capsule was keyhole
shaped, has cutting plate (Fig. 4). Buccal capsule was 0.179-
0.191 mm long and 0.128-0134 mm wide.

The length of females was 8.4-9.6 mm and the diameter
was 0.348-0.439 mm. The distance of anus from the back-
end was 0.205-0.212 mm. Female’s tail was short and
tapered and has a pointed terminal end (Fig. 6).

DISCUSSION

Uncinaria species are small nematodes, classifed in the
order of Strongylata, family Ancylostomatidae, and infect

.y L]

Fig 3. Uncinaria spp. egg containing larvae

Sekil 3. Embriyonlu Uncinaria spp. yumurtasi

Fig 4. Buccal cavity and oesophagus

Sekil 4. Agiz boslugu ve yemek borusu
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Fig 5. Bursa copulatrix and spicules

Sekil 5. Bursa copulatrix ve spikuller

Fig 6. Posterior end of the female

Sekil 6. Disinin arka ucu

many animal species including bear in various parts of
the world ©. The northern carnivore hookworm (Uncinaria
stenocephala) was found in Brown bears from the vicinity
of the Caspian Sea . In North America, a new species of
hookworm, Uncinaria (=Dochmoides) yukonensis, was
described from specimens collected from wild black bear in
Yukon Territory, Canada . A new species of hookworm, U.
rauschi, was described by Olsen in both black and brown
bears in Alaska "%, Uncinaria species, originally described as
Dochmius ursi were collected from polar bear . Dochmius
was considired a synonyms of Uncinaria in later years "',

Bursa copulatrix and spicules of male Uncinaria and
posterior end of female Uncinaria are similar to Ancylostoma,
but Uncinaria species in the bear cub that was detected

in this study are smaller than Ancylostoma species in
lenght.

Uncinaria species that was found in bear cub were
very similar to Uncinaria rauchi in terms of size and many
morphological characteristics. The length of the males of
Uncinaria rauchi is 7.4-9.1 mm and the diameter is 0.243-
0.297 mm. Oesophagus was club-shaped 0.763-0.856 mm
long and 0.167-0.191 mm thick through bulb. Spicules
were slender and 0.819-0.954 mm long. The length of the
females was 7.2-10.5 mm and the width was 0.275-0.381
mm at the level of vulva "% But because of not having
the possibility for molecular diagnosis, we also approved
to name as Uncinaria spp. the worm that we detected
in bear cub.

The importance of Uncinaria species in terms of public
health is not known exactly, but human infections with
Uncinaria species were reported "2, Thus, people who
handle bears should use of disposable gloves during
clean up of bear faecal material.
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