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Studies on Chewing Lice (Phthiraptera: Amblycera, Ischnocera)
Species from Domestic and Wild Birds in Turkey "2

Bilal DIK ' Elif YAMAC 2 Ugur USLU !

[1] This study was supported by Selcuk University Research Fund (BAP Project number: 11401042)
[2] This study has been presented as poster at the 21th National Biology Congress, Ege University, Science Faculty, izmir, 2-7
September 2012
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2 Anadolu University, Faculty of Science, Department of Biology, TR-26470 Eskisehir - TURKEY

Makale Kodu (Article Code): KVFD-2012-8207

Summary

This study was performed to detect chewing lice species occurring on domestic and wild birds in Turkey between October 2010 and May
2012. For this aim, the birds were brought to Veterinary Faculty of Selcuk University and Biology Department of Science Faculty of Anadolu
University were examined for their lice. The louse specimens collected from the birds were preserved in eppendorf tubes contains ethyl alcohol
70%. They were cleared in Potassium Hydroxide (KOH) 10% for a day, washed within distilled water for a day and transferred to alcohol 70%,
80%, 90% and 99% at consecutive days. Then, they were mounted on the slides in Canada balsam and identified to species. Among studied 26
bird species in 24 genera and 17 families belonging to 9 orders, seventeen species (65.38%) were found to be infested with lice and no louse
specimen was found in 9 bird species (34.62%). The forty-one specimens (48.23%) of examined 85 birds were found to be infested with the
lice, and 32 lice species were detected. Besides, the genera Falcolipeurus, Coloceras and Struthiolipeurus, the species; Brueelia apiastri (Denny,
1842); Brueelia munda (Nitzsch, 1866); Coloceras piageti (Johnston ve Harrison, 1912); Coloceras israelensis (Tendeiro, 1974); Degeeriella nisus
(Giebel, 1866); Degeeriella phylctopygus (Nitzsch, 1861); Degeeriella rufa (Burmeister, 1838); Falcolipeurus quadripustulatus (Burmeister, 1838);
Laemobothrion vulturis (Fabricius, J.C., 1775); Menacanthus orioli (Blagovestchensky, 1951); Philopterus fringillae (Scopoli, 1772); Struthiolipeurus
struthionis (Gervais, 1844) were recorded for the first time from the birds in Turkey. Columbicola columbae was found on the Long-eared Owl
as afirst record.

Keywords: Ardeicola, Falcolipeurus, Brueelia, Ciconophilus, Coloceras, Colpocephalum, Laemobothrion, Piagetiella,
Struthiolipeurus, Philopterus

Tiirkiye'deki Evcil ve Yabani Kuslarda Bulunan
Cigneyici Bit (Phthiraptera: Amblycera, Ischnocera) Tiirleri
Uzerine Arastirmalar

Ozet

Bu arastirma Tirkiye'deki evcil ve yabani kuslarda gorilen bit tirlerini belirlemek amaciyla Ekim 2010 -Mayis 2012 tarihleri arasinda
yapilmistir. Bu amagla Selcuk Universitesi Veteriner Fakiiltesi Kliniklerine ve Anadolu Universitesi Fen Fakiiltesi Biyoloji Bélimi'ne getirilen
hasta, yaral veya 6l kuslarla, karayollarinda 6la olarak bulunan kuslar laboratuvar ortaminda bit yoniinden incelenmistir. Toplanan bitler,
icinde %70 alkol bulunan eppendorf tiiplerde saklanmistir. Bitler %10’luk Potasyum Hidroksit (KOH) icinde bir giin siireyle saydamlastiriimis, 24
saat slireyle distile suda yikanmis ve birer gtin slireyle %70, %80, %90 ve %99'luk alkol serilerinden gegirildikten sonra, Kanada balsami ile lam
lizerine yapistirlmis ve tiir seviyesinde teshis edilmislerdir. incelenen 9 takim, 17 aile, 24 cinse ait 26 kus tiirinden 17'si (%65.38) bitlerle enfeste
bulunmus, 9 kus (%34.62) tiriinde ise herhangi bir bite tesadif edilmemistir. Muayene edilen 85 kusun 41'i (%48.23) bitlerle enfeste bulunmus
ve 32 bit tlrl saptanmistir. Falcolipeurus, Coloceras ve Struthiolipeurus cinsleriile; Brueelia apiastri (Denny, 1842); Brueelia munda (Nitzsch, 1866);
Coloceras piageti (Johnston ve Harrison, 1912); Coloceras israelensis (Tendeiro, 1974); Degeeriella nisus (Giebel, 1866); Degeeriella phylctopygus
(Nitzsch, 1861); Degeeriella rufa (Burmeister, 1838); Falcolipeurus quadripustulatus (Burmeister, 1838); Laemobothrion vulturis (Fabricius, J.C.,
1775); Menacanthus orioli (Blagovestchensky, 1951); Philopterus fringillae (Scopoli, 1772); Struthiolipeurus struthionis (Gervais, 1844) Turkiye'deki
kuslardan ilk kez bildirilmistir. Ayrica, Kulakli Orman Baykusunda C. columbae'ye ilk kez rastlanmistir.

Anahtar sozciikler: Ardeicola, Falcolipeurus, Brueelia, Ciconophilus, Coloceras, Colpocephalum, Laemobothrion,
Piagetiella, Struthiolipeurus, Philopterus
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Studies on Chewing Lice ...

INTRODUCTION

One of the most common bird diseases is parasitic
ones which are mostly caused by ectoparasites. Lice and
mites are known as common ectoparasites of the birds.
Although parasitic lice species on birds were previously
considered order or suborder Mallophaga, according
to recent classification, bird lice are belonging to the
suborders Ischnocera and Amblycera in the order
Phthiraptera. More than 250 genera and 6.000 lice species
were described until now; about 4.500 species are valid
species ",

Although, Turkey has 468 species of bird @, there is
limited number of investigations about the lice species
found on the birds in Turkey B¢, The number of lice
species reported from the birds in Turkey has been reached
about 100 species 738, Although, most of the studies about
lice species have been focused on only chickens 37211341,

As a result of the published studies, some information
has been obtained with regard to the lice fauna found
on bird species in Turkey. On the other hand, existing
information has included 20% of known bird species in
Turkey. Thus, it can be argued that our knowledge is not
sufficient and we need to perform much more studies on
the lice fauna of birds in Turkey. This study was performed
to detect chewing lice species occurring on domestic and
wild birds in Turkey.

MATERIAL and METHODS

This study was carried out to detect the lice species
on the birds in Turkey between October 2010 and May
2012. The chewing lice were collected from 85 domestic

oM . 4%
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Fig 1. Brueelia apiastri, female, original
Sekil 1. Brueelia apiastri, disi, orijinal

Fig 2. Brueelia munda, female, original
Sekil 2. Brueelia munda, disi, orijinal

and wild bird specimens that were found to be injured or
died in the field or obtained from hunters during legal bird
hunting seasons. The feathers of each bird were carefully
examined and lice were removed with forceps. After
visual examination, Bolfo (1% (w/w) 2-Isopropoxyphenyl
N-methyl-carbamate) or Biyo Avispray (0.09% (v/w)
Tetramethrin and 0.45 (w/w) piperonyl butoxide) were
applied to birds placed in a white basin and were kept
at least 15 min. The collected lice specimens were fixed
in 70% ethanol. After clearing in 10% KOH for 24 h, they
were washed with distilled water for 24 h and passed in
alcohol series 70%, 80%, 90% and 99% in four consecutive
days. The lice specimens were mounted on the slides
in Canada balsam by using stereo-zoom microscope,
and they were kept for drying in an incubator 50°C for a
few weeks. The lice species were examined under light
microscope and were identified to species according to
the relevant literatures 47,

RESULTS

Only one bird individual in the orders Struthioniformes,
Pelecaniformes, Ciconiiformes and Coraciiformes, two bird
samples in the orders Columbiformes and Psittaciformes,
three bird samples in the order Strigiformes and eight bird
specimens in the orders Falconiformes and Passeriformes
were examined. While, seventeen of twenty six bird species
(65.38%) were found to be infested, no louse was found
on studied nine bird species (34.62%). It was determined
that forty one of a total of eighty five birds (48.23%) has
one louse species on their body, at least. A total of 32 lice
species were determined, which of 11 and 21 species
belongs to the suborders Amblycera and Ischnocera,
respectively. The comprehensive information about the
lice species found on the birds was presented in Table 1.

Fig 3. Coloceras israelensis, female, original
Sekil 3. Coloceras israelensis, disi, orijinal
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Table 1. Studied bird species and detected lice species

Tablo 1. incelenen kus tiirleri ve tespit edilen bit tiirleri

. . Examined Bird | Infested Bird . .
Order Family Genus Species Number Number Lice Species
Struthioniformes Struthionidae | Struthio SOSC,(?:?ﬁ & 1 1 Struthiolipeurus struthionis *
Colpocephalum eucarenum
. . P. onocrotalus ) )
Pelecaniformes Pelecanidae | Pelecanus . . 2 2 Pectinopygus forficulatus
Great White Pelican ; . .
Piagetiella titan
Ardeicola ciconiae
Ciconiiformes L . C. ciconia Ciconophilus quadripustulatus
Gtz Crond White Stork ! ! Colpocephalum zebra
Neophilopterus incompletus
: p "
. A monachus Falcollpeurus. quadrlpt{stulatus
Aegypius . 1 1 Laemobothrion vulturis *
Eurasian Black Vulture .
Colpocephalum trachelioti
Circus C. aeruginosus By 1 Colpocephalum turbinatum **
WesternMarsh-harrier Degeeriella fusca
A. nisus Colpocephalum nanum
. 3 2 ; .
. Eurasian Sparrowhawk Degeeriella nisus *
L Accipiter .
Accipitridae A. brevipes 1
Levant Sparrowhawk : :
Falconiformes B. buteo 5 5 Degeeriella fulva
Common Buzzard Kurodaia fulvofasciata
B Colpocephalum nanum
uteo .
B. rufinus 13 1 Craspedorrhynchus platystomus
Long-legged Buzzard Degeeriella fulva
Laemobothrion maximum
. P. apivorus . "
. Pernis ey altea e 1 1 Degeeriella phlyctopygus
Falconidae o ;
Falco - tnnuncuius 1 1 Degeeriella rufa *
Common Kestrel
Columba C. livia . 4 4 Columblcqla colum.bae
X . Rock Pigeon Coloceras israelensis *
Columbiformes Columbidae
Streptopelia S5 B 2 1 Coloceras piageti *
ptop Eurasian Collared-dove prag
Psittacidae Melopsittacus M. undt{latus 8 = =
X . Budgerigar
Psittaciformes ;
Cacatuidae Nymphicus AUl 1 - -
ymp Cockatiel
A. noctua
. " Athene Little Owl 2 - -
Strigiformes Strigidae ——
Asio A. otus 4 4 Strigiphilus barbatus
Long-eared Owl Columbicola columbae **
- SR
Coraciiformes Meropidae Merops R e 1 1 G
European Bee-eater Meropoecus sp
- . M. alba
Motacillidae | Motacilla White Wagtail 1 - -
" . S. atricapilla
Sylviidae Sylvia s 1 - -
Corvidae Pica 52 lca . 1 - -
Eurasian Magpie
o . O. oriolus Brueelia munda *
. il it Eurasian Golden Oriole ! ! Menacanthus orioli *
Passeriformes - -
Sturnidae Sturnus S. vulgaris 4 4 Brueelia nebulosa
Common Starling Menacanthus eurysternus **
. P. domesticus Menacanthus eurysternus **
FEEERik R House Sparrow 22 e Philopterus fringillae *
L F. coelebs
o A Eurasian Chaffinch ! : )
Fringillidae -
. C. cannabina
Carduelis L 4 - _
Eurasian Linnet
Total 85 1

* First record in Turkey, ** First record from this host in Turkey
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Brueelia apiastri (Denny, 1842) (Fig. 1); Brueelia munda
(Nitzsch, 1866) (Fig. 2); Coloceras israelensis (Tendeiro, 1974)
(Fig. 3); Coloceras piageti (Johnston ve Harrison, 1912)
(Fig. 4); Degeeriella nisus (Giebel, 1866) (Fig. 5); Degeeriella
phylctopygus (Nitzsch, 1861) (Fig. 6); Degeeriella rufa
(Burmeister, 1838) (Fig. 7); Falcolipeurus quadripustulatus
(Burmeister, 1838) (Fig. 8); Laemobothrion vulturis (Fabricius,
J.C., 1775) (Fig. 9), Menacanthus orioli (Blagovestchensky,
1951) (Fig. 10); Philopterus fringillae (Scopoli, 1772) (Fig. 11);
Struthiolipeurus struthionis (Gervais, 1844) (Fig. 12) were
reported for the first time in Turkey.

DISCUSSION

It was stated that, 3910 out of 5642 described lice
species from birds had been approved as valid species

wrl 000k

Fig 4. Coloceras piageti, male, original
Sekil 4. Coloceras piageti, erkek, orijinal

Fig 5. Degeeriella nisus, female, original
Sekil 5. Degeeriella nisus, disi, orijinal

about ten years ago. Among them, 2737 and 1173
species are belonging to the suborders Ischnocera and
Amblycera, respectively M. In spite of increased number of
investigations about lice fauna found on bird species; the
numbers of investigated bird and reported lice species
are still insufficient in Turkey. Approximately, 20% of total
bird species have been examined for their lice species and
no louse was found on some of them. The results of the
studies carried out on chewing lice fauna in the birds in
Turkey until now have showed that, the numbers of the
lice species recorded have been reached about 100.

In this study, 85 bird individuals of 26 species in
24 genera, 17 families belonging to the 9 orders were
examined. Therefore we can argue that the presented
study is the most comprehensive investigation on the
lice species on birds in Turkey. Forty-one bird individuals

wri 00Ok

Fig 6. Degeeriella phlyctopygus, female, original
Sekil 6. Degeeriella phlyctopygus, disi, orijinal

Fig 7. Degeeriella rufa, female, original

Sekil 7. Degeeriella rufa, disi, orijinal

Fig 8. Falcolipeurus quadripustulatus, female, orig.
Sekil 8. Falcolipeurus quadripustulatus, disi, orij.

Fig 9. Laemobothrion vulturis, male, original
Sekil 9. Laemobothrion vulturis, erkek, orijinal
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Fig 10. Menacanthus orioli, female, original
Sekil 10. Menacanthus orioli, disi, orijinal

belonging to seventeen species (65.38%) were found to be
infested by the lice, while no louse was found on nine bird
species (34.62%). Totally, 32 lice species, which of 11 species
in six genera and 21 species in 13 genera are belonging to
the suborders Amblycera and Ischnocera were detected,
respectively. While the bird individuals and species
numbers was not same for each order, infestation rates were
100% for Struthioniformes, Pelecaniformes, Ciconiiformes
and Coraciiformes, 83.33% for Columbiformes, 79.17%
for Falconiformes, 66.66% for Strigiformes and 22.86%
for Passeriformes. But, it could not be detected any louse
specimen on the order Psittaciformes.

The numbers of recorded lice species on the orders
Falconiformes and Passeriformes were more than the
others, due to the bird samples examined in these orders
were much more from the others. Twenty-four individuals
belonging to the eight bird species in the order
Falconiformes were examined and 13 lice species were
detected. For the order Passeriformes, total 35 individuals
belonging to eight bird species were examined and
five lice species were identified. Although, the order
Passeriformes was the second order for lice species; the
numbers of lice species detected on the birds in this
order were less than the others, compared to the examined
bird numbers.

Chewing lice usually parasitise on their specific host,
but some of them are cosmopolitan and can found on
different bird species. Twenty-eight lice species were
found on their normal host; C. columbae, C. nanum, D. fulva
and M. eurysternus were occurred on different bird species,
as well as their normal hosts, in this study. Colpocephalum
nanum was collected from Eurasian Sparrow Hawk and
Long-legged Buzzard in this study. This louse species

Fig 11. Philopterus fringillae, female, original
Sekil 11. Philopterus fringillae, disi, orijinal
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Fig 12. Struthiolipeurus struthionis, male, original
Sekil 12. Struthiolipeurus struthionis, erkek, orij.

has also been reported on common Buzzard and Long-
legged Buzzard in Turkey 2127, previously. Menacanthus
eurysternus has been recorded from several bird species
throughout the world ™, but not in Turkey until now. Dik
et al.*" recorded that, Brueelia nebulosa, Sturnidoecus
sturni and Myrsidea cucullaris, but no found Menacanthus
eurysternus on Eurasian Starlings (Sturnus vulgaris) in a
previous study. Three European Starlings and two House
Sparrows (Passer domesticus) were found to be infested by
M. eurysternus. Thus, M. eurysternus is recorded from these
hosts for the first time and this species a new record for
Turkey lice fauna. Columbicola columbae is found on rock
pigeon (Columba livia). However, this species was found
on a Long-eared Owl (Asio otus) as well as Rock Pigeon in
this study.

In a previous study, no louse species was found on 13
house sparrows ', Seventy-two individuals from over 10
different bird species belonging to the order Passeriformes
had been examined near Aras River in Kars and infestation
rate was determined as 12.50% B°., In another report for
louse species found on the birds belonging to the order
Passeriformes in Kuyucuk Lake in Kars, 51 bird specimens
representing 22 genera were examined and five lice
species were detected from 11 bird individuals, and
infestation rate was detected as 21.57% ©7\. In present
study, 35 bird specimens belonging to the eight species
in the order Passeriformes were examined, infestation
rate was found as 22.86% and five lice species; B. munda,
B. nebulosa, M. eurysternus, M. orioli and P. fringillae were
detected. Infestation rate was relatively low in this study
as well as the other studies 53>, because of only three
of examined 22 House Sparrows had been infested for the
louse specimens. This result related House Sparrow in this
study is similar with the results of Dik B" and its reasons
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have been discussed in a previous paper ®7.. As a result, B.
munda, M. orioli and P. fringillae detected on Passeriformes
birds were recorded for the first time in Turkey.

The genera Colpocephalum, Kurodaia, Laemobothrion,
Craspedorrhynchus and Degeeriella were reported from the
Falconiformes birds, previously. Laemobothrion maximum,
C. nanum, Colpocephalum sp, D. fulva and C. platystomus
have been reported from Long legged Buzzard (Buteo
rufinus) 1162021.24273134 \We have also confirmed the presence
of L. maximum, C. nanum, C. platystomus and D. fulva on
Long-legged Buzzard in this study. Besides, it was found
that prevalence of C. platystomus and D. fulva were higher
and of L. maxiumum was lower than the other species.
Dik and Yamac¢ ?¥ have reported that, C. trachelioti was
found on Eurasian Black Vulture (Aegypius monachus) in
Turkey. Colpocephalum trachelioti, F. quadripustulatus and
L. vulturis were found on the Eurasian Black Vulture in this
study. The genus Falcolipeurus and the species L. vulturis
were firstly reported from Turkey. Kurodaia fulvofasciata
was found on Common Buzzard (Buteo buteo) and
reported as a first record for Turkey in a previous study 5",
inci et al®¥ determined that all of lice species, except
K. fulvofasciata, found on Common Buzzards also has been
detected on the Long-legged Buzzards. Two Common
Buzzard samples examined and they were infested with
D. fulva and K. fulvofasciata in this study. Besides, inci et
al.B%have also recorded that, D. fulva and Colpocephalum
sp. from European Honey-Buzzards in Middle Anatolia.
Additionally, D. phlyctopygus had been found on European
Honey-Buzzard as a first record for Turkey in that study B4,
In previously studies; the Western Marsh-Harrier (Circus
aeruginosus), Northern Goshawk (Accipiter gentilis) and
Common Kestrel (Falco tinnunculus) were reported as
hosts of D. fusca ?", Colpocephalum polonum B¢, and
Colpocephalum subzerafae and Laemobothrion tinnunculi 52,
respectively in Turkey. There was no detected any louse
species on the Northern Goshawk in present study, while
the Common Kestrel was infested by D. rufa and one of
the Western Marsh-Harrier by C. turbinatum, D. fusca.
Thus, D. rufa was reported for the first time in Turkey.
Colpocephalum turbinatum occurs on Rock Pigeon ¥ and
some raptor species . However, this species was recorded
for the first time on Western Marsh-Harrier in Turkey. But, C.
subzerafae and L. tinnunculi reported from Common kestrel
by Ulutas Esatgil et al.®® could not found in this studly.

Studies on the lice species occurring on the Owls
(Strigiformes) are very limited in Turkey. Dik and Uslu 22
reported that, Strigiphilus strigis has been recorded from
Eurasian Eagle-Owl (Bubo bubo) for the first time in Turkey.
Strigiphilus barbatus has been firstly reported by Dik B
and then by the other researchers 5% from Long-eared
Owl (Asio otus) in Turkey. Two owl species were examined
in this study and no louse species was found on the Little
Owl (Athene noctua), while the four Long-eared Owl
specimens were found to be infested with the lice. Three

of them were infested by S. barbatus and the other was
parasitized with Columbicola columbae, although this
species is a specific for Rock Pigeon. As far as we know,
this is the first record of this host-parasite association.
This association can be explained by transferring of louse
specimens from Rock Pigeon to Long-eared Owl while
hunting. Louse individuals collected from the Owl was
alive. Therefore, adaptation of C. columbae to owl as a new
host could be another alternative explanation for this
association.

Lice species in the genera Bonomiella, Hohorstiella,
Campanulates, Coloceras, Colpocephalum Columbicola
and Physconelloides occurs on the birds in the order
Columbiformes ™. Hohorstiella lata, Colpocephalum turbinatum,
Campanulates compar and C. columbae have been recorded
from Rock Pigeon in Turkey, previously [“68101436401 The
results of those studies showed that, the prevalence of
C. columbae and C. compar were higher than the other
species 681014 |n astudy, Columbicolabacillus was reported
from Eurasian Collared Dove (Streptopelia decaocto) as a
new record for this host in Turkey B2. In this study, six bird
specimens (4 Rock Pigeons and 2 Eurasian Collared Doves)
in the order Columbiformes were examined and, all of
the specimens with except of one Eurasian Collared Dove
were infested by the lice species. As a result, Columbicola
columbae and Coloceras israelensis on the Rock Pigeon
and Coloceras piageti on the Eurasian Collared Dove were
found. The last two species; C. israelensis and C. piageti
were the first records for Turkey lice fauna. On the other
hand, C. compar, H. lata and C. bacillus were not detected
in the study.

Piagetiella titan, Pectinopygus forficulatus and
Colpocephalum eucarenum have been recorded on Great
White Pelican previously in Turkey '*'%21 According to
results of those reports, P. titan and P. forficulatus were the
most common lice species on Great White Pelican, but;
C. eucarenum was found rarely on the pelicans. Two Great
White Pelican specimens were examined in this study, and
both of them were infested by P. titan and P. forficulatus.
Colpocephalum eucarenum was detected only one pelican.
While P. titan and P. forficulatus were obtained more
numbers, only two male C. eucarenum specimens were
found on the birds. These findings are similar to the results
of the previous studies. Although, Dik " has reported
that P. titan can cause erosive stomatitis in a white pelican,
erosive stomatitis was not detected on the pelicans
infested by P. titan in this study.

As far as we know, there is no study about the lice species
on Struthioniformes in Turkey. Price et al.""reported that
the genus Struthiolipeurus and the species S. struthionis in
this genus has been occurred on Ostrich (Struthio camelus).
In the present study, one Ostrich specimen was examined
and a lot of lice specimens were collected from this bird,
and they were identified as S. struthionis, as the first record
for Turkey.
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There is a little information about the lice species found
onthe birds belonging to the order Ciconiiformes in Turkey.
Dik and Uslu ™ have reported that, presence of Ardeicola
ciconiae, Ciconophilus quadripustulatus, Colpocephalum
zebra and Neophilopterus incompletus from White Stork
(Ciconia ciconia) in Konya. In addition to that, White
Stork, Eurasian Bittern (Botaurus stellaris) and Great Egret
(Ardea alba) samples have been examined for the louse,
recently B34, Although, there was no found any louse
species on the Eurasian Bitter, A. ciconiae, C. quadripustulatus,
C. zebra and N. incompletus were detected on the White
Storks. Also, it was stated that, Comatomenopon elongatum
was recorded as a first record on Great Egret for Turkey in
that study B%. In this study, all of the species reported from
White Stork by Dik and Uslu " were detected from the
White Stork specimen.

There is no any detailed study on the lice species of the
order Psittaciformes in Turkey. Although, some of the
bird samples belonging to this order were examined,
but any louse specimen was found B'. Dik 32 reported
that Afrimenopon waar from budgerigar (Melopsittacus
undulatus) as a new record for Turkey. In the current
study, eight budgerigars and one cockatiel (Nymphicus
hollandicus) were examined, but any louse specimen was
obtained on all of them, probably they were pet animals
and provided adequate living conditions by humans.

Among the bird species belonging to the order
Coraciiformes; only European Bee-eater (Merops apiaster)
has been examined for louse, previously in Turkey.
Meromenopon meropis and Meropoecus meropis have
been detected on the birds in those studies >3, In this
study, only one European Bee-eater was examined and
Meropoecus sp. and Brueelia apiastri were detected on the
bird while Meromenopon meropis was not found. B. apiastri
was recorded for the first time from the Eurasian Bee-
eater in Turkey in this study. Meropoecus specimens could
not be identified to species; because all of them were
nymph stages.

As a result, a total of 85 bird specimens belonging to the
26 species in the orders Struthioniformes, Pelecaniformes,
Ciconiiformes, Coraciiformes, Columbiformes, Psittaciformes,
Strigiformes, Falconiformes and Passeriformes were
examined in this study. Seventeen (65.38%) of these
species were infested with lice species and no louse
specimen was found in nine bird species (34.62%). Forty-
one of 85 bird specimens (48.23%) were found to be
infested with lice specimens and a total of 32 lice species
belonging to the suborders Amblycera (11 species) and
Ischnocera (21 species) were recorded. The results of the
study showed that, the genera Falcolipeurus, Coloceras
and Struthiolipeurus, and the species; Brueelia apiastri;
Brueelia munda; Coloceras piageti; Coloceras israelensis;
Degeeriella nisus; Degeeriella phylctopygus; Degeriella rufa;
Falcolipeurus quadripustulatus; Laemobothrion vulturis;
Menacanthus oriole; Philopterus fringillae; Struthiolipeurus

struthionis were reported for the first time in Turkey. Also,
C. columbae was reported from Long-eared Owl, as a first
record.
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Summary

The objectives of the present study were to estimate the microbial-N flow to the small intestine and to predict the digestible
organic matter intake (DOMI) in grazing Karayaka sheep based on urinary excretion of purine derivatives (xanthine, hypoxanthine, uric
acid and allantoin) by the use of spot urine sampling under field conditions. In the trial, 10 Karayaka sheep from 2 to 3 years of age
were used. The animals were grazed in a pasture for ten months and fed with concentrate and vetch plus oat hay for the other two
months (January and February) indoors. Highly significant linear and cubic relationships (P<0.001) were found among months for
purine derivatives index, purine derivatives excretion, purine derivatives absorption, microbial-N and DOMI. Through urine sampling
and the determination of levels of excreted urinary PD and the Purine Derivatives:Creatinine ratio (PDC index), microbial-N values were
estimated and they indicated that the protein nutrition of the sheep was insufficient. In conclusion, the prediction of protein nutrition
of sheep under the field conditions may be possible with the use of spot urine sampling, urinary excreted PD and PDC index. The
mean purine derivative levels in spot urine samples from sheep were highest in June, July and October. Protein nutrition of pastured
sheep may be affected by weather changes, including rainfall. Spot urine sampling may useful in modeling the feed consumption of
pasturing sheep. However, further studies are required under different field conditions with different breeds of sheep to develop spot
urine sampling as a model.

Keywords: Karayaka sheep, Spot sampling, Urinary purine derivatives, PDC index, microbial-N, Feed intake

Merada Otlayan Karayaka Koyunlarinda Mevsimsel Degisimin
ince Bagirsaga Gecen Mikrobiyal-N Miktari ve
Yem Tiiketimine Etkisi

Ozet

Merada otlayan Karayaka koyunlarinda spot idrar drneklemesi ile idrarla atilan purin tiirevlerinden (ksantin, hipoksantin, trik asit ve
allantoin) ince bagirsaga gecen mikrobiyal-N miktari ve sindirilebilir organik madde tiiketiminin (SOMT) mevsimsel olarak belirlenmesi
amaclanmistir. Arastirmada 2-3 yaslarinda 10 adet Karayaka koyunu kullanilmistir. Hayvanlara yem materyali olarak 10 ay mera ve 2
ayda (Ocak, Subat) kapali agillarda fabrika yemi ve fig +yulaf otu ile beslenmistir. Purin tlrevleri indeksi, idrarla atilan purin tarevleri,
absorbe edilen purin tirevleri, mikrobiyel-N ve SOMT yoniinden aylara gore bir degerlendirme yapildiginda gruplar arasinda linear ve
kibik (P<0.001) bir iliski tespit edilmistir. Mikrobiyal-N degerlerine bakildiginda koyunlarin protein yoniinden yetersiz beslendikleri
gorilmustir. Sonug olarak spot idrar toplanarak denemenin yapildigi benzer saha kosullarinda otlatilan Karayaka koyunlarda protein
beslenmesini tahmin etmekte idrarla atilan prin tiirevleri ve Purin Turevleri: Kreatinin (PDC indeksi) kullanilabilir. Ortalama PT miktar
Karayaka koyunlari icin spot idrar toplamada en yiiksek degerler Haziran, Temmuz ve Ekim aylarinda belirlenmistir. Bu aylardaki
iklimsel degisikliklerden (yagis fazlaligr) dolayr meradaki koyunlarin protein beslenmesi etkilenmistir. Ayrica spot idrar toplama teknigi
meradaki koyunlarin yem tiiketimini belirlemede bir model olabilir. Bunun icinde farkl saha kosullarinda farkli koyun irklariyla benzer
cahismalarin yapilmasina ihtiyag vardir.

Anahtar sozciikler: Karayaka koyunu, Spot érnekleme, Idrar purin tiirevleri, PDC indeksi, Mikrobiyal-N, Yem tiiketimi
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INTRODUCTION

The Karayaka sheep is one of the indigenous breeds
reared on the coastline of the Black Sea region of Turkey.
Karayaka sheep are well adapted to the wet climate of the
region and there is a total population of approximately
one million ™,

The use of spot urine sampling has been proposed to
predict protein nutrition and digestible organic matter
intake in grazing sheep @ and goats ©. Microbial protein
flow to the small intestine has been estimated total of
purine derivatives excreted in the urine of ruminants ®,
Rumen microbes constitute the major source of protein
supply to the ruminants. The purines from the rumen
microbes are metabolized and excreted in the urine as their
derivatives, hypoxanthine, xanthine, uric acid and allantoin.
In sheep, hypoxanthine and xanthine are converted to uric
acid by xanthine oxidase, and uric acid is further converted
to allantoin by uricase. All four compounds are excreted
in the urine of sheep. The synthesis of microbial protein is
dependent on ruminal ammonia nitrogen supply © and
digestible organic matter intake 7#. Reports that estimate
microbial-N flow to the small intestine are mostly from
European sheep breeds 2811,

The objectives of the present study were to examine
the microbial-N flow to the small intestine and to predict
DOMI in grazing Karayaka sheep on the basis of urinary
excretion of PD by the use of spot urine sampling under
field conditions and to investigate the effects of seasonal
variation on ruminal microbial synthesis.

MATERIAL and METHODS

The study was approved by the Local Ethics Committee
on Animal Experiments of Ondokuz Mayis University (OMU,
30.12.2009, HADYEK/139).

Animal and Feed Materials

A total of 10 Karayaka sheep aged between 2 and 3
years, and with live weight ranging from 42.4 to 47.6 kg,
were used in the this study that was undertaken in Akyazi
village of Bafra town, Samsun province, Turkey. The animals
were grazed in a pasture for ten months and fed a concentrate
and vetch plus oat hay for the other two months (January
and February) indoors.

Plant samples were taken by hand clipping to ground
level at the beginning of the grazing experiment and
repeated every month. They were collected from one square
meter area in six different locations in a 0.5-1 ha area "%,
The important part of meadow and pasture was formed
by Agropyron cristatum, Lotus corniculatus L., Agropyron
elongatum, Bromus inermis, Convolvulus sp., Trifolium
pretense, Trifolium repense and Dactylis glomerata. All plant

samples were dried to a constant weight in a forced-air oven
at 65°C for 48 h. Ash content was determined by heating
in a muffle furnace at 550°C "%, Organic matter (OM) was
calculated as DM-ash. Nitrogen (N) content was analyzed
with the Kjeldahl method, with the use of a semi-automated
N analyzer. Neutral detergent fibre (NDF) and acid detergent
fibre (ADF) were determined according to the methodology
of VAN SOEST et al.l',

The levels of purine derivatives were determined
according to the methodology of CHEN et al™ using a
spectrophotometer (Shimadzu UV-1700). Allantoin is first
hydrolyzed under weak alkaline conditions and at 100°C
to allantoic acid which is further hydrolysed to urea and
glyoxylic acid in a weak acid solution. The glyoxylic acid is
reacted with phenylhydrazine hydrochloride to produce a
phenylhydrazone derivative of the acid. The product forms
an unstable chromophore with potassium ferricyanide. The
colour was read at 522 nm. Xanthine and hypoxanthine are
converted to uric acid by treatment with xanthine oxidase
and are thus determined as uric acid, the amount of which
is determined by its absorbance at 293 nm, although other
compounds may also absorb at this wavelength. When
samples are treated with uricase, uric acid is converted
to allantoin and other compounds that do not absorb
UV at 293 nm. Therefore, the reduction in absorbance
reading after treatment with uricase is correlated with the
concentration of uric acid in the sample. After treatment,
the absorbance of the standards should be zero, if the
conversion is complete. Creatinine reacts with picrate
ion formed in alkaline medium and a red-orange colour
develops. The colour produced from the sample is then
compared in a colorimeterat 505 nm with that produced by
a known amount of creatinine under the same conditions ..

Mean monthly rainfall and air temperature (°C) in
Bafra in 2010 and 2011 were collated by the Samsun
Meteorological Office and are presented in Fig. 1.

Urinary Sample Collection

Spot urinary samples were collected from each sheep
between 10:00 am and 12:00 pm (2 h after grazing) on two
consecutive days per month for a year. Urine samples were
collected by closing the mouth and nose of the sheep by
hand. Samples were usually collected over a 10 to 35 sec
period. After collection, a 10 ml sub-sample was taken,
acidified with 1 ml of 10% H,SO, and diluted to 1:4 with
distilled water. The samples were stored at -20°C until analysis
for purine derivatives.

Estimation of Microbial-N Supply

The microbial-N supply was estimated using the
following equation for sheep .,

Y = 0.84X + (0.150 W75 g-025X)

Where X (mmol/d) is absorption of purines (X mmol/d)
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and Y ( mmol/d) is PD excretion in the urine. The calculation
of X based on the above non-linear equation can be
performed by means of the Newton Raphson iteration
process, as shown below:

X ey = X, = [F (X)) / F(X))]; where f(X) = 0.84 X + 0.150 W®7® e 02X
-Y, and the derivative of f(X): f'(X) = 0.84 - 0.038 W°7> 025X

An initial value of X,=Y+0.84 is fed into the above
equation to calculate X,, and after the process is repeated
for 4 iterations, X, should have reached a constant value.

The supply of microbial-N was estimated below from
the relationship derived by CHEN and GOMES "". The
assumptions used in the above equations are: digestibility
of microbial purines is 0.83. the N content of purines is 70
mg N/mmol and the ratio of purine-N: total-N in mixed
rumen microbes is 11.6:100 !, Therefore, the equation to
determine microbial-N is: Microbial N (gN/d) = [X (mmol/d)
x70]/[0.116 x 0.83 x 1000]=0.727X

Microbial-N estimated from purine derivatives excretion
corresponds to the quantity of microbial biomass reaching
the duodenum, rather than that synthesized within the
rumen. It is expressed as grams of microbial-N per kilogram
of digestible organic matter apparently digested in the
rumen. The model assumes that the digestible organic matter
in the rumen is 65% of digestible organic matter intake 'l

Estimation of PDC Index

PDC index is determined by calculating the creatinine
concentrations and total purine derivatives in the urine.
The following equation is used to index the PDC:

PDC index = (PD/C)xW°”®

where W is the body weight (kg), and PD and C are purine
derivatives and creatinine concentrations, respectively in
mmol/L.

PD excretion (mmol/d) = PDC index x C where C is the
daily creatinine excretion (mmol/kg W°”) for a specific
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Fig 1. Mean monthly rainfall and air temperature (°C) in Bafra
in 2010 and 2011

o

Sekil 1. Bafrada 2010 ve 2011 yillarinda ortalama aylik yagis ve
sicaklik miktarlari (°C)

breed of animals, which should have been previously
measured from the complete urine collection. Average
daily creatinine excretion was taken to be 503 pmol/kg
CA*”>for sheep ¥,

Estimation of Digestible Organic Matter intake (DOMI)

The spot measurement of the PDC index can provide an
estimate of feed intake. Digestible organic matter intake
was calculated with the following equation B,

DOMI (g /d) = 59.7xPDC-678
Statistical Analysis

Data were summarized with descriptive statistics for
means, and the standard errors of the means were analyzed
with analysis of variance (ANOVA), using the Least Square
Method of the GLM procedure of the SAS '), The differences
between the groups were analyzed via 3" order orthogonal
polynomials. All results were summarized as mean +
standard error of mean (SEM). Ordinary linear regression
and Pearson correlation analyses were performed with the
use of variables, namely allantoin, microbial-N, DOMI and
purine derivatives excretion, and digestible organic matter
digested in the rumen.

RESULTS

The dry matter (DM), organic matter (OM), crude protein
(CD), neutral detergent fiber (NDF) and acid detergent
fiber (ADF) values of meadow and pasture samples (g/kg
DM) collected monthly are presented in Table 1. Levels
of creatinine and allantoin, uric acid, hypoxhanthine and
xanthine in spot urine samples are shown in Table 2. The
purine derivatives index (PDC index), purine derivatives
excretion, purine derivatives absorption, microbial-N
and DOMI for spot urine samples are shown in Table 3.
Monthly variations in both mean values of the PDC index
and microbial-N (Fig. 2) and mean values of DOMI are
presented in Fig. 3.
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Table 1. The nutrient composition of meadow and pasture samples collected monthly (g/kg DM)

Tablo1. Aylik olarak toplanan ¢ayir ve mera 6rneklerinin besin madde kompozisyonu (g/kg KM)

Period
DM oM CcP NDF ADF
Years Months
June 913.0 838.4 134.0 437.2 351.7
July 931.2 866.5 148.0 476.8 337.7
August 892.5 801.2 106.5 500.2 392.1
2010 September 909.3 830.9 143.7 479.4 334.9
October 905.6 824.5 131.1 4421 3135
November 913.0 837.6 107.5 468.4 345.5
December 904.3 8273 101.2 543.7 415.5
January 902.1 829.4 118.0 613.0 469.6
February 896.0 832.7 138.5 232.7 113.7
2011 March 917.5 8513 127.5 410.8 264.0
April 9234 819.4 154.0 403.4 246.8
May 906.8 840.3 135.7 451.6 344.0

1- Mixed vetch and oat hay were used to feed sheep in January and February, 2- Concentrate was used to feed sheep in January and February

Table 2. Mean concentrates (mmol /L) of allantoin, uric acid, hypoxanthine plus xanthine and creatinine in spot urine samples collected from grazing

Karayaka sheep
Tablo 2. Merada otlayan Karayaka koyunlarindan toplanan spot idrar rneklerinde allantoin, (irik asit, hipoksantin + ksantin ve kreatinin ortalama degerleri
(mmol/L)
TSR mmmon | pi MO cemee | o
Year Months
June 9 7.67+0.37 1.76+0.18 0.65+0.06 6.39+0.19 10.08+0.44
July 9 7.71+0.38 1.40+0,08 0.68+0.06 6.30+0.32 9.79+0.43
August 10 6.17+0.18 1.25+0.06 0.61+0.06 6.75+0.23 8.02+0.18
2010 September 10 6.81+0.29 1.77+0.09 0.75+0.07 5.74+0.21 9.32+0.29
October 10 8.62+0.58 1.59+0.12 0.68+0.04 6.49+0.28 10.90+0.66
November 9 7.28+0.27 1.64+0.19 0.35+0.03 4.72+0.22 9.27+0.31
December 10 5.04+0.22 1.96+0.10 0.32+0.02 5.44+0.27 7.32%0.21
January 9 4.84+0.18 0.87+0.05 0.42+0.04 5.00+0.16 6.13+0.20
February 8 6.31+0.31 1.29+0.13 0.53+0.03 6.64+0.28 8.12+0.31
2011 March 10 5.64+0.28 0.59+0.04 0.50+0.05 5.60+0.27 6.73+£0.30
April 10 5.12+0.20 1.29+0.09 0.54+0.06 5.61+0.15 6.95+0.24
May 9 5.55+0.33 1.28+0.12 0.48+0.05 5.46+0.20 7.31+0.35
Significance of main effects
Linear i b NS NS e
Quadratic Fres NS x%% *xx *xx
Culsie pres NS x%% NS *xx
**¥* P<0.001, NS: Non Significant, L: Linear, Q: Quadratic, C: Cubic

DISCUSSION

Measurement of microbial protein supply to sheep has
been a major area of study in the context of their protein
nutrition. An estimate of microbial protein contribution
to the intestinal protein flow is incorporated into the new
protein evaluation systems already being used in a number

of countries. The supply of microbial protein to the animal
per unit of feed ingested varied from 14 to 60 g microbial-
N/kg digestible organic matter fermented in the rumen ['¢l,
This variation is due to the influence of various factors
related to the diet or rumen environment. As seen in
Table 1, CP levels of plant samples collected monthly did
not fluctuate all year around. The lowest CP levels were
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Table 3. Mean levels of purine derivatives index (PDC index), purine derivatives excretion, purine derivatives absorption, microbial-N supply and DOMI in spot
urine samples collected from grazing Karayaka sheep

Tablo 3. Merada otlayan Karayaka koyunlarindan toplanan spot idrar 6rneklerinde PDC indeksi, plrin tiirevleri ekskresyonu, pirin tiirevleri absorpsiyonu,
mirobial-N ve DOMI ortalama degerleri

Grazing Period PD Excretion | Purine Absorption Microbial-N Supply DOMI
no POCIndex | mmol/d) (mmol/d) /d
Year | Months Mo Mo (g of N/d) (g of N/kg of DOMR) 9
June 9 32.29+1.51 16.24+0.76 19.28+0.92 14.02+0.67 20.87+0.73 1249.44+90.31
July 9 31.90+1.02 16.04+0.52 19.06+0.62 13.86+0.45 20.86+0.78 1226.26+61.17
August 10 24.36+0.74 12.25+0.37 14.48+0.45 10.53+0.33 21.06+0.70 776.13+44.04
2010 | September 10 33.27+£1.17 16.74+0.59 19.89+0.70 14.46+0.51 20.98+0.70 1308.28+69.59
October 10 33.98+1.40 17.09+0.70 20.31+0.85 14.77+0.62 19.76+0.73 1350.41+83.61
November 9 40.26+1.20 20.25+0.60 24.10£0.72 17.52+0.52 18.12+0.73 1725.41+71.46
December 10 28.00+1.14 14.08+0.57 16.69+0.69 12.14+0.50 17.4940.73 993.41+67.84
January 9 24.90+0.69 12.53+0.35 14.81+0.43 10.77+0.31 21.24+0.70 808.77+41.49
February 8 25.04+0.99 12.60+0.50 14.89+0.61 10.83+0.44 17.26+0.70 816.91+59.32
2011 | March 10 24.71+0.92 12.43+0.46 14.69+0.56 10.68+0.41 17.29+0.70 797.47+54.68
April 10 25.23+0.94 12.69+0.47 15.01+0.57 10.91+0.42 15.69+0.73 828.42+56.06
May 9 27.14+0.96 13.65+0.48 16.18+0.59 11.76+0.43 19.34+0.70 942.39+57.47
Significance of main effects
Linear *A* *XK *R* *R¥ *XX *KK
Quadratic NS NS NS NS NS NS
Cubic *A* KKK *R* *R¥ * *
**¥* P<0.001, * P<0.05, NS: Non Significant, DOMR: Digestible organic matter fermented in the rumen, calculated as 0.65xDOMI (g of N/kg of DOMR),
DOMI: Digestible organic matter intake g/d
45
| 40
‘ 35
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20 Fig 2. Monthly changes of mean values of PDC index and
Microbial-N (g N/d) for grazing Karayaka sheep
15
Sekil 2. Merada otlayan Karayaka koyunlarinda ortalama PDC
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observed in August and December. They are in agreement  the daily excretion is relatively constant. The value is
with estimated mean microbial-N and DOMI values (Fig. 2 approximately 0.5 mmol/kg W°”/d in sheep ©. The
and 3) for Karayaka sheep. excretion of creatinine is affected minimally by the amount
of protein and non-protein nitrogen consumed. In the

Creatinine is produced from creatine in muscle, and  current study, creatinine concentrations in the spot urine

is excreted in the urine. Its excretion is correlated with  samples were higher in August, October and February than
the muscle mass. When expressed as ‘mmol/per kg W°”,  in other months but overall values were not significantly
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Fig 3. Monthly changes of mean values of DOMI (g/d) for
grazing Karayaka sheep

Sekil 3. Merada otlayan Karayaka koyunlarinda ortalama DOMI
(g/glin) degerlerinin ayhk degisimi
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influenced by season (Table 2). There was no linear or cubic
relationship between creatinine excretion and month but
a quadratic relationship was determined. It was also the case
that season did not affect creatinine excretion in urine.

The method for estimating microbial-N production
from urinary purine derivatives assumes that duodenal
nucleic acids are mostly of microbial origin ". It has been
reported that after intestinal digestion and absorption,
the purine base catobolites are proportionally recovered
in urine, mostly as allantoin, but also as hypoxanthine,
xanthine and uric acid "8, The present study reports 69-
84%, 9-27% and 4-8%, for allantoin, uric acid and xanthine
plus hypoxanthine, respectively. For the same catabolites,
Chen and Gomes " reported the proportions to be 60-80%,
10-30% and 5-10% for allantoin, uric acid and xanthine
plus hypoxanthine, respectively. Furthermore, allantoin
excretion in urine was reported to be 80-85% of total
purine derivatives. The profile of PD excretion in grazing
Karayaka sheep was similar to that reported in previous
studies "2, The results obtained may indicate that the
proportion of purine derivatives is independent of diet.

In the current study, the levels of allantoin in the
urine of grazing sheep ranged from 4.84-8.62 mmol/L on
a monthly basis across the sampling period. The study
also determined a positive correlation (r=0.615, P<0.01)
between the amount of allantoin excreted in urine and
rumen microbial protein flowing into the small intestine,
as described by the equation:

Y=0.378X+1.594

Where y is the amount of allantoin excreted in urine
and x is rumen microbial protein flowing into the small
intestine. This equation showed that allantoin excretion
was able to enhance duodenal flow of microbial protein.
Studies of cattle 22 and sheep ! have indicated a high
correlation between the excretion of purine derivatives and
rumen microbial protein flow into the small intestine (R? =
0.97). In the present study, the average allantoin amounts
in spot urine samples for sheep were lowest in January,
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April and December, whereas the highest values were
determined in June, July and October. In 2010, allantoin
amounts in June, July and October were higher than in
other months (Table 2). That phenomenon may reflect the
impact of vegetation changes due to higher than average
rainfall during those months.

The higher excretion of PD in October and November
clearly indicates enhanced microbial protein synthesis,
since significant relationships have already been reported
between urinary PD excretion and the levels of nucleic
acid infused in the abomasum ®' and duodenum ©24,
Orellana-Boero et al? found that the excretion of purine
derivatives in the urine increased linearly (r = 0.867) with
digestible organic matter intake. The principle is that
duodenal purine bases are efficiently absorbed in the
small intestine 2429, Urinary PD excretion is used to predict
ruminal microbial protein synthesis. The daily excretion of
purine derivatives and the microbial-N supply in grazing
Karayaka sheep were found to be in the range of 12.25-
20.25 and 10.53-17.52 mmol/d, respectively (Table 3). These
values for Karayaka sheep are within the range of those
published for different sheep breeds 2%, The urinary PD
excretion values obtained in goats & and wethers are similar
to those observed in sheep %278, Hence, purine derivatives
in spot urine samples may provide a practical indicator
of microbial protein supply status in grazing ruminants.

The estimated average monthly DOMI values (Table 3)
in grazing Karayaka sheep were within the range of 776 to
1725 g/day. The estimation of DOMI from PDC index (Table
3) through the use of spot urine sampling from grazing
Karayaka sheep showed that this technique may be applied
in grazing animals where DOMI cannot be measured
directly. Many reports have confirmed a linear relationship
between allantoin excretion and both the level of feed
intake and flow of nucleic acids in the duodenum 29,
Laurent et al.B% determined that allantoin excretion is
correlated with digestible organic matter intake, and also
that allantoin excretion (r=0.54, P<0.01) can be used as an
index of rumen microbial protein synthesis.



567

SALMAN, CETINKAYA
SELCUK, GENC

The present study also determined that digestible
organic matter fermented in the rumen was converted to
a similar proportion of microbial-N in all months, ranging
from 16 to 21 g N/kg of digestible organic matter apparently
digested in the rumen (Fig. 2 and 3; Table 3), which was
similar the range reported by Yu et al.®". The higher amount
of urinary allantoin reported in the present study in June,
July, September, October and November was due to the
increased digestible organic matter intake. The present
study also determined that there were linear and cubic
relationship between the PDC index, urinary excretion
of purine derivatives, microbial-N and DOMI and month
(Table 3), and that there was a seasonal influence on these
parameters.

In the current study, the estimated microbial-N values
appear insufficient for adequate protein nutrition. Monthly
mean values of PDC index, microbial-N and DOMI were
relatively stable. However, fluctuations were observed
between June and December (Fig. 2 and 3). The lowest
values for DOMI, PDC index and microbial-N were observed
in August and December (Fig. 2 and 3). This is due to
meadow and pasture conditions reflecting the driest
period of the year (Fig. 1). In conclusion, protein nutrition
of pastured sheep may be affected by weather changes.
Spot urine sampling may serve as the basis for modeling
their feed requirements. Furthermore, it may provide a
basis for the preparation of balanced diets to meet the
protein requirements of sheep by closely approximating
the amount of rumen microbial-N flowing into the small
intestine. However, further studies are required under
different field conditions and with different breeds of sheep
to develop the spot urine sampling technique into a model.

REFERENCES

1. Turkish Statistical Institute (TurkStat): Livestock Statistics, Url:http://
www.turkstat.gov.tr, Accessed: 24.05.2008.

2. Chen XB, Mejia AT, Kyle DJ, @rskov ER: Evaluation of the use of the
purine derivative: creatinine ratio in spot urine and plasma samples as an
index of microbial protein supply in ruminants: Studies in sheep. J Agr Sci,
125, 137-143, 1995.

3. Cetinkaya N, Salman M, Genc B: Estimation of the microbial N flow
to small intestine in Saanen goats and kids based on urinary excretion of
purin derivatives by the use of spot urine sampling technique. Kafkas Univ
Vet Fak Derg, 16 (1): 75-79, 2010.

4. Fujihara T, Orskov ER, Reeds PJ, Kyle DJ: The effect of protein infusion
on urinary excretion of pirine derivatives in ruminants nourished by
intragastric infusion. J Agric Sci Camb, 109, 7-12, 1987.

5. IAEA: A training package the technique for estimating microbial protein
supply in ruminants based on determination on pirine derivatives
in urine. Joint FAO/IAEA Division of Nuclear Applications in Food and
Agriculture. Vienna, Austria, 2003.

6. Wanapat M, Pimpa O: Effect of ruminal NH;-N levels on ruminal
fermentation, purine derivatives, digestibility and rice straw intake in
swamp buffaloes. JAnim Sci, 12, 904-907, 1999.

7. Puchala R, Kulasek GW: Estimation of microbial protein flow from the
rumen of sheep using microbial protein flow from the rumen of sheep
using microbial nucleic acid and urinary excretion of pirine derivatives.
Can J Anim Sci, 72, 821-830, 1992.

8. Makkar HPS, Chen XB: Estimation of microbial protein supply in
ruminants using urinary purine derivatives. Springer. 1* ed., p.212, 2004.

9. Antoniewicz AN, Hienemann WW, Hanks EM: The effect of changes
in the flow of nucleic acids on allantoin excretion in the urine of sheep. J
Agric Sci, 95, 395-400, 1980.

10. Chen XB, Chen YK, Franklin MF, @rskov ER, Shand WJ: The effect of
feed intake and body weight on purine derivative excretion and microbial
protein upply. J Anim Sci, 70, 1534-1542, 1992.

11. Chen XB, Gomes JM: Estimation of Microbial Protein Supply to Sheep and
Cattle Based on Urinary Excretion of Purine Derivatives and Overview
of the Technical Detail. International Feed Resources Unit. Rowett
Research Institute, Bucksburn Aberdeen, UK. Occasional Publication,
pp.1-21,1992.

12. Karabulut A, Canbolat O: Feed Evaluation and Analyze Methods.
Uludag University Publ., no: 2,05.048,0424, Bursa, 2005.

13. AOAC: Official Methods of Analysis. 15% ed., Association of Official
Agricultural Chemists, Washington, DC, 1995.

14. Van Soest PJ, Robertson JB, Lewis BA: Methods for dietary fiber,
neutral detergent fiber, and nonstarch polysaccharides in relation to
animal nutrition. J Dairy Sci, 74, 3583-3597, 1991.

15. Chen XB, Hovell FD, De B, Orskov ER, Brown DA: Excretion of purine
derivatives by ruminants: Effect of exogenous nucleic acid supply on
purine derivative excretion by sheep. BrJ Nutr, 63, 131-142,1990.

16. Agricultural Research Council (ARC): The nutrient requirements of
ruminant livestock. Suppl. No. 1, Commonwealth Agricultural Bureaux,
Slough, 1984.

17. SAS Statistical Software: SAS Compus drive, Carry, NC 27513 USA,
2009.

18. McAllan AB, Smith RH: Degradation of nucleic acids in the rumen. Br
JNutr, 29, 331-345, 1973.

19. Brun-Bellut J, Linberg JE, Hadjipanayiotou M: Protein nutrition
and requirements of adult dairy goats. In, Morand-Fehr P (Ed): Goat
Nutrition. pp.82-93, EAAP Publ. No. 46, Pudoc Wageningen Netherlands,
1991.

20. Linberg JE: Urinary allantoin excretion and digestible organic matter
intake in dairy goats. Swed J Agric Res, 15,31-37, 1985.

21. Ma T, Deng K, Jiang C, Tu Y, Zhang N, Liu J, Zhao Y, Diaoa Q: The
relationship between microbial N synthesis and urinary excretion of
purine derivatives in Dorperxthin-tailed Han crossbred sheep, http://
dx.doi.org/10.1016/j.smallrumres.2012.09.003, Accessed: 20.09.2012.

22. Cetinkaya N, Yaman S, Baber NHO: The use of purine derivatives/
creatinine ratio in spot urine samples as an index of microbial protein
supply in Yerli Kara crossbred cattle. Livest Sci, 100, 91-98, 2006.

23. Gonzalez-Ronquillo M, Balcells J, Belenguer A, Castrillo C, Mota M: A
comparison of purine derivatives excretion with conventional methods as
indices of microbial yield in dairy cows. J Dairy Sci, 87,2211-2221, 2004.

24, Balcells J, Guada JA, Peiro JM: Simultaneous determination of
allantoin and oxypurines in biological fluids by high performance liquid
chromatography. J Chromatogr, 575, 153-157,1992.

25. Orellana-Boeroa P, Seradjb AR, Fondevilac MJ, Noland J, Balcells
J: Modelling urinary purine derivatives excretion as a tool to estimate
microbial rumen outflow in alpacas (Vicugna pacos), Small Rumin. Res.,
107,101-104, 2012.

26. Belenguer A, Yanez D, Balcells J, Ozdemir BNH, Gonzalez-Ronquillo
M: Urinary excretion of purine derivatives and prediction of rumen
microbial outflow in goats. Livest Prod Sci, 77, 127-135, 2002.

27. Carro MD, Cantalapiedra-Hijar G, Ranilla MJ, Molina-Alcaide E:
Urinary excretion of purine derivatives, microbial protein synthesis, nitrogen
use, and ruminal fermentation in sheep and goats fed diets of different
quality. J Anim Sci, 90, 3963-3972, 2012.

28. Hindrichsen IK, Osuji PO, Odenyo AA, Madsen J, Hvelplund T:
Effects of supplementation of a basal diet of maizestover with different
amounts of Leucaena diversifolia on intake, digestibility, nitrogen
metabolism and rumen parameters in sheep. Anim Feed Sci Technol, 98,
131-142, 2002.



568
The Effects of Seasonal ...

29. Kreuzer M, Kirchgessner M, Kellner RJ, Roth FX: Effect of varying
protein and energy concentration on digestibility of nutrients, nitrogen
metabolism and allantoin excretion in wethers. German J Anim Physiol
Anim Nutr 55, 144-159, 1986.

30. Laurent F, Vignon B: Factors of variations in urinary excretion of
allantoin in sheep and goats. Anim Sci, 64, 281-282, 1983.

31. Yu P, Boon-ek L, Leury BJ: Effect of dietary protein variation in
term of net truly digest intestinal protein (DVE) and rumen degraded
protein balance (OEB) on the concentration and excretion of urinary
creatinine, purine derivatives and microbial N supply in sheep:
Comparation with the prediction from the DVE/OEB model. Anim Feed
Sci Tech, 93, 71-91, 2001.



Kafkas Univ Vet Fak Derg ; Hone-Pace: httoy/vetderai kafkas edu.
OURNAL Home-PacE: http://vetdergi.kafkas.edu.tr
19 (4): 569-574, 2013 ONLINE Susmission: http://vetdergikafkas.org RESEARCH ARTICLE

DOI: 10.9775/kvfd.2012.8369

Effects of Graded Levels of Crude Glycerine Addition to Diets on
Growth Performance, Carcass Traits and Economic Efficiency in
Broiler Chickens "™

Adnan SEHU ' Seher KUCUKERSAN ' Behic COSKUN 2 Bekir Hakan KOKSAL 357

[1] Some results of this study have been presented in 22nd International Scientific Congress as a presentation in Stara-Zagora,
Bulgaria, June 7-8 2012
[2] This study was supported by The Scientific & Technological Research Council of Turkey-TUBITAK (Project No: 1060306)

' Department of Animal Nutrition and Nutritional Disease, Faculty of Veterinary Medicine, Ankara University, TR-06110
Diskapi, Ankara - TURKEY

2 Department of Animal Nutrition and Nutritional Disease, Faculty of Veterinary Medicine, Selcuk University, TR-42003
Selcuklu, Konya - TURKEY

3 Department of Animal Nutrition and Nutritional Disease, Faculty of Veterinary Medicine, Adnan Menderes University,
TR-09016 Isikli, Aydin - TURKEY

Makale Kodu (Article Code): KVFD-2012-8369

Summary

The aim of the current study was to evaluate the effects of graded levels of crude glycerine addition to diets on growth and
economic performance, carcass yield, organ weights and moisture levels of meat in broiler chickens. For this purpose, a total of 270
one day old male chicks (Ross 308) were randomly divided into 3 equal groups which fed with isocaloric and isonitrogenous diets with
graded levels (0%, 5% and 10%, respectively) of crude glycerine. Each of experiment group was constituted by 5 subgroups with 18 birds
each. The birds had ad libitum access to feed and water until termination of the experiment at d 42. Results indicated that 5% dietary
crude glycerine addition improved body weight, body weight gain and feed conversion ratio compare with birds fed with basal diet at
d 42 (P<0.01). Similarly, dietary 10% crude glycerine supplementation also increased growth performance and improved FCR in broiler
chickens at 28™ and 42" days of experiment (P<0.05 and P<0.001, respectively). Moreover, birds fed with 5% dietary crude glycerine
had showed over 20% higher relative economic efficiency compare than birds fed basal diet. As a conclusion, dietary crude glycerine
addition improved growth and economic performance and Feed Conversion Ratio of broilers in both supplementation levels.

Keywords: Broiler, Carcass, Economic efficiency, Glycerine, Growth performance

Rasyona Artan Diizeylerde Ham Gliserin ilavesinin Broylerlerde
Biiyiime Performansina, Karkas Ozelliklerine ve Ekonomik
Etkinlige Olan Etkileri

Ozet

Bu arastirmanin amaci, rasyona artan diizeyde ham gliserin ilavesinin broylerlerde biiyime ve ekonomik performans, karkas
randimani, i¢c organ agirliklari ve etin nem diizeyi Uzerine etkilerinin belirlenmesidir. Bu amacgla toplam 270 adet bir glnlik yasta
erkek broyler civciv (Ross 308) her biri izokalorik ve izonitrojenik olan ve artan diizeylerde (sirasiyla %0, %5 ve %10) ham gliserin iceren
yemlerle beslenen U¢ es gruba ayriimistir. Her bir deneme grubu her biri kendi icinde 18 adet civciv iceren 5'er alt gruba ayrimistir.
Hayvanlar denemenin sonlandigi 42. giine kadar yem ve suya ad libitum olarak ulagmislardir. Deneme sonunda %5 diizeyinde ham
gliserin ilavesinin canl agirlk, canh agirhk artisi ve yemden yararlanma oranlarini bazal rasyonla beslenen hayvanlara gére énemli
Olclide iyilestirdigi belirlenmistir (P<0.01). Benzer olarak rasyona %10 dlizeyinde ham gliserin ilavesi denemenin 28. ve 42. glinlerinde
blyume performansini arttirmis ve yemden yararlanma oranini iyilestirmistir (sirasiyla, P<0.05 ve P<0.001). Buna ilaveten, %5 ham
gliserin ile beslenen hayvanlar bazal rasyonla beslenenlere gore %20 daha yiiksek goreceli ekonomik etkinlik gostermistir. Sonuc olarak
rasyona ham gliserin ilavesi, her iki diizeyde de, broylerlerde bliyiime ve ekonomik etkinlik ile Yemden Yararlanma Orani'ni iyilestirmistir.

Anahtar sozclikler: Broyler, Bliyliime performansi, Ekonomik etkinlik, Gliserin, Karkas
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INTRODUCTION

In poultry industry, because of increasing prices of
energy rich feedstuffs, there is remarkable effort for
searching of energy alternatives for chicken diets. In this
content, researchers focus on the use glycerine as a less
expensive energy source in poultry diets ™. Glycerine, also
known as glycerol or glycerin, is a by-product of biodiesel
production and usage of this product as an energy source
for animal diets has been got attention in recent years 24,
Glycerine has been evaluated for poultry as a feed ingredient
which provides energy for cellular metabolism 5,
Moreover, several studies have been performed for
understanding effects of dietary glycerine addition on
performance in broiler chickens 79, quails %, and laying
hens [, Simon et al.”? observed that dietary glycerol
addition at level of 5 and 10% had improving effect on
body weight gain, feed intake and feed efficiency similar
to Suchy et all"? who evaluated that effect of pure and raw
glycerol addition to diet on production parameters and
slaughter traits in male and female broiler chickens. They
found that birds fed diet with glycerol had signicantly
higher body weight, feed intake and carcass trait compare
with birds fed with basal diet. On the other hand, Cerrate
et al.® reported that feed intake and body weights of
birds were decreased with 10% glycerine addition to diets
in broilers. However authors stressed that addition of
glycerine to diets at a level of 5 and 2.5% had improvement
effect on breast yield as a percentage and dressed carcass
of birds.

Even though pure glycerine can be used in many
different applications including food, cosmetic, drug
and weapon industries, and generally recognized as safe
for use in animal feed usage of crude glycerine, which
find a place to itself in animal feeds recently, has some
concern about residual level of methanol sodium, fatty
acid and moisture content in it 2", In this point, because
of contradiction results from different studies about the
effect of dietary glycerine addition on performance and
carcass characteristics in broiler chickens, and insufficient
number of study about the usage of crude glycerine in
diets of birds; the aim of present trial was evaluated the
effect graded level of dietary crude glycerin on growth and
economic performance, carcass yield, organ weights and
moisture levels of meat in broiler chickens.

MATERIAL and METHODS

In this experiment, 270 one-day-old male Ross 308
broiler chicks were randomly divided into 3 groups
according to the dietary regimen and each group was
constituted by 5 subgroups of 18 birds.

The experimental protocol was approved by Local
Ethics Committee of Selcuk University.

In the control group, chickens were fed with basal
standard diets based on corn and soybean meal by
recommendations of NRC "3, more specifically with a
starter diet [23% crude proteins (CP) and 3100 kcal/kg
metabolically energy (ME)] for the first 10 d of trial then
with a grower diet [22% CP and 3150 kcal/kg ME] for
the between 11 to 28 d of experiment, and then with a
finisher diet [21% CP and 3200 kcal/kg ME] for the 3 and
the last 14 days of trial (Table 1). Birds from the groups 2 and
3 received standard diets supplemented with 5% or 10%
glycerol, respectively for the whole experimental period.
Feed and water were provided ad libitum. The birds were
housed in wire-bottomed pens fitted with electrical
heaters during the 42 days experimental period. The
temperature started at 33°C (from the 1 day to the 3
day) and was gradually reduced (2-3°C/week) according
to normal management practice. Chicks were maintained
on a 24 h constant light schedule until the end of the
experiment.

Body weights were determined by pen on days 1, 14,
28 and 42 and feed intakes were measured during each
rearing period. Similarly, the cumulated body weight
gains (expressed as g/bird and calculated body weight
differences of birds from the 1% day to the 14%, 28" and 42
days, respectively) and feed conversion ratios (expressed
as g of consumed feed/weight gain in g) were calculated
for each rearing period. On the day 42, 3 birds from each
pen for which the body weight was closed to the mean
value were slaughtered by cervical dislocation. The weight
of the carcass, liver, spleen, gizzard, heart, glandular
stomach and cloacal fat were recorded and all values were
expressed as percentages of the carcass weight for a same
bird. The duodeno-jejunal contents were collected from 3
other birds from each pen slaughtered on the d 42 and the
samples were diluted with deionised water for determine
pH levels of intestine.

By the end of trial, experiment groups were
economically evaluated by using two procedures with a
help of consideration the costs of feeds, labor, equipments,
nursing and chicken meat from actual market prices; one
of them was the total cost needed to obtain one-kilogram
carcass weight and second was the net revenue per unit
of total.

Data from present study were analyzed by Anova using
SPSS 11.50 program (Inc., Chicago, I, USA). Significant
differences among treatment were determined using
Duncan’s multiple range tests ' with a 5% level of
probability.

RESULTS

The growth performance and the feed intakes in broilers
according to the dietary treatments are summarized in
the Table 2. The body weights (BW) and the body weight
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Table 1. Feedstuffs and nutrient composition of experiment diets

Tablo 1. Deneme rasyonlarinin yem ham madde icerikleri ve besin madde degerleri

Feeding Stage
Ingredients
Starter (Oto 10d) Grower (11 to 28 d) Finisher (29 to 42 d)
Crude glycerin' 0 5 10 0 5 10 0 5 10
Corn 5233 46.33 40.38 54.13 48.13 42.13 54.8 48.73 42.63
Soybean meal 32 33.05 34.00 31 32 33 31.13 322 333
Gluten 7 7 7 6.5 6.5 6.5 5 5 5
Vegetable oil 4 4 4 4.5 4.5 4.5 55 5.5 55
Limestone 1 1 1 0.9 0.9 0.9 0.9 0.9 0.9
DCP 2.25 2.25 2.25 2 2 2 2 2 2
Salt 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Vitamin mix? 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Mineral mix® 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07
Methionine 0.35 0.35 0.35 0.2 0.2 0.2 0.1 0.1 0.1
Lysine 0.50 0.45 0.45 0.2 0.2 0.2 0 0 0
Total 100 100 100 100 100 100 100 100 100
Calculated Analyses
CcpP 23 23 23 22 22 22 21 21 21
ME 3107 3106 3107 3152 3153 3153 3201 3201 3200
Ca 1.02 1.03 1.03 0.92 0.93 0.93 0.92 0.93 0.93
Avail. P 0.50 0.50 0.50 0.46 0.46 0.46 0.46 0.46 0.46
Met+sist. 1.13 1.12 1.11 0.96 0.95 0.94 0.82 0.82 0.81
Lizin 1.46 1.44 1.45 1.2 1.21 1.22 1.03 1.04 1.06
! Chemical composition of crude glycerin; 4.13% ash, 0.17% salt, 9.11 pH, and 0.45% methanol;  Vitamin premix supplied the following per kilogram of diet:
vit-A 15.000 IU, vit-Ds 5.000 IU, vit-E 50 mg, vit-K; 10 mg, vit-B; 4 mg, vit-B;8 mg, vit-Bs 5 mg, vit-B;, 0.025 mg, niacin 50 mg, pantothenic acid 20 mg, folic acid
20 mg, biotin 0.25 mg, vit-C 75 mg, kolin 175 mg ;> Mineral premix supplied the following per kilogram of diet: Mn 100 mg, Zn 150 mg, Fe 100 mg, Cu 20 mg,
115 mg, Co 0.5 mg, Se 0.2 mg, Mo 1 mg, Mg 50 mg

gains (BWG) during the first 14 d of experiment showed no
significant variance among treatment groups, whereas, BW
were significantly increased in birds fed with 5% and %10
crude glycerine (CG) supplemented diet compared to bird
fed with basal diet at 28 and 42 days of experiment (P<0.05
and P<0.01, respectively). Furthermore, the mean of BW
and BWG results cumulated over the whole experimental
period (1 to 42 d) were markedly increased in graded
level CG supplemented broilers (P<0.05 and P<0.01,
respectively). On the other hand, although the differences
were not significant among groups, the highest feed
intakes (Fl) for the all periods (starter, grower and finisher)
were also observed in birds supplemented with 5% CG.
Feed conversion ratio (FCR) was not significantly altered
in the CG supplemented birds compared to the controls
at d 14 while it improve by 5% and 10% CG addition at
28" and 42" days of experiment (P<0.001 and P<0.01,
respectively).

As shown in Table 3, the carcass traits (including
carcass yields, moisture of breast and drumstick), the
relative organ weights (100 x organ weight/carcass
weight) and intestinal pH levels were summarized. Even

though there were no significant variances in carcass
traits according to the 3 dietary regimens, the lowest
carcass yield was recorded for birds supplemented with
10% CG but differences among treatments were not
significant. The relative gizzard (P<0.05) weights were
significantly decreased in birds supplemented with 10%
CG compared to birds fed with basal diet. By contrast,
cloacal fat percentages (not significant) were higher in
10% CG supplemented broilers than control group birds.
Intestinal pH levels showed no significant differences
between treatment groups, however supplemented birds
(5% and 10% glycerine, respectively) present more alkaline
pH compare with birds fed with basal diet.

The results for economic evaluation of graded level
of dietary CG inclusion was summarize in Table 4. Our
finding indicated that 5% dietary CG supplementation had
improving effect on relative economic efficiency (REEF)
in broiler chickens. Chicks fed with 5% dietary CG showed
over 20% higher results then birds fed with basal diet. On
the other hand when CG level increased (to 10%) REEF of
chickens decreased over 5% than birds fed without any
CG addition in their diets.
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Table 2. Effects of dietary graded levels of crude glycerin (CG) supplementation on growth performance of broiler chickens

Tablo 2. Rasyona artan diizeylerde ilave edilen ham gliserinin (HG) broylerlerde biiyiime performansina etkileri

Treatment | Day 1 Days 1to 14 Days 1 to 28 Days 1 to 42
CGlevel (%) | BW,g BW,g | BWG,g | Fl, g FCR' BW,g | BWG, g Fl,g FCR’ BW,g | BWG, g Fl,g FCR’
0 46.21 362.56 | 31635 | 427.39 135 | 1112.60°| 1066.39° | 1751.33 | 1.64* |2110.73"| 2064.52° | 373448 | 1.81°
5 46.12 | 373.03 | 326.92 | 430.28 132 | 1221.96° | 1175.84* | 1794.29 | 1.53° | 2282.20° | 2242.09° | 3813.86 | 1.70°
10 46.14 | 359.72 | 313.59 | 408.28 130 | 1198.172| 1152.03* | 1702.24 | 1.48> |2228.90° | 2182.77° | 3649.83 | 1.67°
SEM?2 0.17 3.74 3.76 5.34 0.01 18.67 18.65 16.94 0.02 25.75 25.75 31.27 0.02
P NS NS NS NS NS * * NS e ** ** NS **
" FCR = Feed conversion ratio was calculated by dividing feed consumption (g) to BW gain (g) per pen basis, ? SEM = Standard error of the mean, NS = Not
significant at P>0.05; * P<0.05; ** P<0.01; *** P<0.001, “* Means within a treatment and column with different subscripts differ significantly

Table 3. Effects of dietary graded levels of crude glycerin (CG) supplementation on carcass yield (%), meat moisture levels (%), relative organ weights (g/100

g body weight), and intestinal pH in broiler chickens

Tablo 3. Rasyona artan diizeylerde ilave edilen ham gliserinin (HG) broylerlerde karkas randimani (%), et nem dtizeyleri (%), goreceli organ agirliklari (g/100
g canli agirlik) ve bagirsak pH tizerine etkileri

CG Levels Carcass Moisture of Moisturt:.\ of | Intestinal | Cloacal G | Gt | B || @ Glandular
(%) Yield Breast Meat Drumstick pH Fat Pad Stomach
0 74.92 75.92 77.04 6.28 1.34 2.09 0.11 0.46 1412 0.37
5 74.59 76.35 75.74 6.30 1.42 1.84 0.09 0.42 1.34%® 0.33
10 69.93 76.00 76.16 6.36 1.58 1.97 0.11 0.47 1.19° 0.34
SEM 1.29 0.12 0.31 0.03 0.09 0.05 0.01 0.01 0.03 0.01
P NS NS NS NS NS NS NS NS * NS

NS = Not significant at P>0.0, “® Means within a treatment and column with different subscripts differ significantly

Table 4. Effects of dietary graded levels of crude glycerin (CG)
supplementation on economic efficiency in broiler chickens

Tablo 4. Rasyona artan diizeylerde ilave edilen ham gliserinin (HG)
broylerlerde ekonomik yararlanim lizerine etkileri

E GEmS Level of Dietary CG (%)
(Per Bird) 0 5 10
Fixed costs (TL)? 1.52 1.52 1.52
Feed cost (TL) 4.48 4.64 4.51
Total cost (TL) 6.00 6.16 6.03
Carcass weight (CW, kg) 1.58 1.71 1.56
Cost/kg CW (TL) 3.80 3.60 3.87
Total revenue (TL)® 8.69 9.41 8.58
Net revenue (TL)* 2.69 3.25 2.55
Relative economic efficiency? 100.00 120.82 94.80
a- All stable prices (including transport, bird and poultry house costs) of
whole rearing period for each bird, b- Assuming that the selling price of
one kilogram carcass weight is 5.50 TL, c- Net revenue per unit total cost,
d- Relative economic costs of treatments when costs of birds fed with basal
diet assume 100%

DISCUSSION

In present study, effects of CG (by-product of biodiesel
industry) on the growth performance were evaluated in
broiler chickens. It was determined that addition of CG
into broiler diets at level of 5% and 10% showed significant
promoting effects on growth performance (BW and BWG),

particularly in the growing and finisher period of rearing.
The growth performance was similar during the first 14 d
of trial in broiler chickens, after than it showed remarkable
increased for birds fed with graded level CG supplemented
diets. This result might be related with AME, of glycerine 10%
higher than corn ¥ so it is a replacement of carbohydrates
in diet M. Similarly, FCR results also showed significant
variances among treatments not starter but grower and
finisher rearing period of experiment. Dietary 5% and 10%
CG supplementation resulted in depression of FCR values
compare birds fed with basal diet. For present trial, graded
level of CG addition to diet had improvement effect on
FCR in birds. However, the feed intake has not significantly
differed between groups for the whole experimental
period but it was slightly increased (not significant) in birds
consume graded level of CG in their diets at d 42, probably,
palatability increasing affect of CG. These findings showed
positive correlation with number of studies “7'21% which
have reported dietary glycerol supplementation had
positive effects on growth performance in broiler chickens.
Suchy et al'? substituted 50% of dietary soybean oil with
pure and raw glycerol in a ratio of 1:2 in male and female
broilers. They observed that BW of both male and female
chickens in experimental groups was significantly higher
than birds in control group at d15 and d40 of experiment
(P<0.05, P<0.01, respectively). But contrary to our findings
in present trial, they found that dietary glycerol addition
in different forms (in pure and raw) had increasing effect
on Fl for whole 40d rearing period in broiler chickens.
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Moreover, Simon et al.”? also observed improvement
effect of dietary glycerol at levels of 5% and 10% on BW
and BWG in broiler chickens. These differences between
studies probably related to variances of glycerol content
especially metabolizable energy density of products.

The results from present trial were in disagreement
with previous studies which have reported glycerol
addition had negative ® or no effects "% on growth
parameters in birds. Lin et al®! concluded that substitution
of dietary energy source at a level of 42.2% with glycerol
had significantly detrimental effects on Fl. But Simon et
al® observed different level of dietary glycerol addition
(from 5% to 25%) had no negative effect on Fl and FCR in
birds. Similarly, Cerreta et al.”! found that birds fed diets
with 10% glycerine addition showed significantly less FI
than those fed diets with 0 or 5% glycerine and therefore
had significantly reduced BW. On a contrary, Mclea et
al.l" observed that increasing level of glycerin addition
had improving effect on FCR in birds. These incompatible
results from different studies may be related to variances
of dietary glycerol level or different content of glycerol,
particularly varied methanol and fatty acid content of
glycerol.

Although the 10% of dietary CG addition tended
to decreased the carcass yield in the present study,
we noticed that inclusion of CG in broiler diets had no
significant effect on carcass traits (including moisture of
drumstick and breast meat) and relative organ weights
(except gizzard) with an agreement with previous studies ©'2,
In present trial, we also observed that the relative cloacal
fat weight tended to increase in broilers fed with glycerol
supplemented, especially at a level of 10% CG due to
overestimation of metabolically energy assigned to
glycerine '8, Similarly, Lessard et al.® have also found out
that inclusion of 5% glycerol had increased the cloacal fat
pad weight. However, the variances among treatments had
no statistical meaning for this finding for present trial. On
the other hand, the relative gizzard weight (P<0.05) was
significantly depressed in glycerol supplemented birds,
especially at a level of 10% CG, compared to the control
birds. These findings were in accordance with previous
study in which Sehu et al™ have also observed significant
depression of relative gizzard weight with 10% dietary
glycerol addition in broiler chickens.

Results from economic evaluation indicated that
dietary CG inclusion, especially at a level of 5% had
improvement effect on REEF in broiler chickens. However,
same tendency for REEF was not observed for birds fed with
10% CG included diets. Contrary, these birds showed lesser
REEF results compare than birds fed without any dietary
CG inclusion, probably cause of they represent same
carcass weight like as control birds with more expensive
diet costs. This finding showed partly agreement with Abd-
Elsamee et al." results, who found that increasing level of

dietary glycerine addition, particularly at a level of 6%, had
improvement effect of economic efficiency in broilers.

In conclusion, the results of the current study indicate
that graded level (5% and 10%) crude glycerine addition
to diets, especially 5% CG, had improvement effects
on growth performance (BW, BWG) and FCR in broilers
chickens. Moreover, birds fed with 5% dietary CG had
present over 20% higher relative economic efficiency
compare than birds fed basal diet. However, all other
parameters, including carcass parameters and organ
weights (except gizzard), were not significantly affected by
dietary CG inclusion. As a result, this experiment indicates
that graded level of CG inclusion, particularly at a level
of 5% CG, could be effectively used in diets with higher
profitability in broiler chickens.
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Summary

In this study, the recombinant plasmid pTE353-BG was created by inserting the p353-2 cryptic plasmid region of pLP3537 into pTEG5
recombinant plasmid contains pUC18 and 3-1,3-glucanase gene of Cellulosimicrobium cellulans. The recombinant plasmid pTE353-BG was then
introduced into Lactobacillus plantarum by electroporation. Insert analysis of pTE353-BG digested with Sacl produced 1.9 kbp B-1,3-glucanase
gene band on agarose gel as well as 1.9 kbp DNA encoding 3-1,3-glucanase gene insert amplified on the recombinant vector via PCR indicated the
integration of the gene into the plasmid. Recombinant L. plantarum colonies with pTE353-BG on MRS-laminarin-agar plate showed clear positive
zones by Congo-red staining that revealed the expression of 3-1,3-glucanase encoding gene. The -1,3-glucanase enzyme of recombinant strain
produced the same activity band with C. cellulans enzyme in terms of molecular weight, which showed the activity of secreted protein without any
proteolytic degradation. Optimal temperature and pH values of L. plantarum B-1,3-glucanase have been determined 40°C and 6.0 respectively, by
enzymatic analysis. These results revealed that recombinant L. plantarum could be considered as a silage inoculant for aerobic spoilage of silage.

Keywords: Cellulosimicrobium cellulans, -1,3-Glucanase, Lactobacillus plantarum, Cloning, Gene expression,
Recombinant silage inoculant

Aerobik Stabilite icin Yeni Silaj inokiilanti Olusturmak
Amaciyla Cellulosimicrobium cellulans 3-1,3-Glukanaz Geninin
Lactobacillus plantarum’da Klonlanmasi ve Ekspresyonu

Ozet

Bu calismada, rekombinant pTEG5 plazmit DNA'sina (pUC18 + Cellulosimicrobium cellulans'in 3-1,3-glukanaz geni) pLP3537 plazmitinin p353-2
kriptik plazmit bolgesinin aktariimasi ile rekombinant pTE353-BG plazmit DNA'si olusturulmustur. Rekombinant pTE353-fG plazmiti Lactobacillus
plantarum’a elektroporasyon teknigi ile transfer edilmistir. Sacl enzimi ile kesilmis pTE353-BG'nin agaroz jelde 1.9 kbg biyukligiinde gen bandi
Uretmesinin yani sira, B-1,3-glukanaz genini sifreleyen 1.9 kb¢ buytkligtindeki DNA parcasinin PCR ile rekombinant vektorden amplifiye edilmesi
genin plazmite entegrasyonunu gostermektedir. pTE353-BG iceren rekombinant L. plantarum kolonileri MRS-laminarin-agar plaginda Congo-
red boyamasi ile 3-1,3-glukanaz geninin eksprese oldugunu goésteren acik renkli pozitif zon vermislerdir. Rekombinant sus tarafindan uretilen
enzim, C. cellulans enzimi ile ayni molekiler agirlikta aktivite bandi Gretmis ve bdylece enzimin herhangi bir proteolitik parcalanmaya maruz
kalmadigi anlasiimistir. Enzimatik analizler sonucunda L. plantarum tarafindan tretilen 3-1,3-glukanaz enziminin optimum sicaklik ve pH degerleri
siraslyla 40°C ve 6.0 olarak bulunmustur. Bu sonuclar, rekombinant L. plantarum’un silajin aerobik bozulmasini 6nlemek icin inokilant olarak
disundlebilecegini ortaya ¢ikarmistir.

Anahtar sozciikler: Cellulosimicrobium cellulans, 8-1,3-Glukanaz, Lactobacillus plantarum, Klonlama, Gen ifadesi,
Rekombinant silaj inokdilanti
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INTRODUCTION

Endo-1,3-B-glucanases (EC 3.2.1.6 and EC 3.2.1.39) are
widely distributed among bacteria and higher plants .
These enzymes catalyse the hydrolysis of B-1,3-glucan
component found in the yeast cell wall and other 3-1,3-
glucans such as laminarin, curdlan and pachyman 23, The
bacterium Cellulosimicrobium cellulans (also known with the
synonyms Cellulomonas cellulans, Oerskovia xanthineolytica,
and Arthrobacter luteus) has been regarded as a major
source of yeast-lytic enzymes, particularly endo-§3-1,3-
glucanases, proteases and mannanases . Commercially
available yeast-lytic glucanase preparations derived from
this organism, namely Lyticase, Zymolyase, and Quantazyme,
have been produced and widely used for yeast protoplast
preparation and yeast DNA isolation ¢, Only one of these
preparations (Quantazyme, Quantum Biotechnology, Canada)
is produced recombinantly and protease-free 1,

The primary goal of making silage is to maximize
the preservation of original nutrients in the forage crop
for feeding at a later date .. Therefore, ensiled forages are
the most commonly used feeds for ruminants all over the
world B, Lactobacillus plantarum and other Lactobacillus
species, Enterococcus faecium and Pediococcus species are
most common silage inoculant bacteria and one or more of
these bacteria to be included in silage inoculants 7, One of
these bacteria, L. plantarum, is the most important bacterium
used in silage fermentation. However, aerobic spoilage by
yeasts and moulds is a major cause of reduced nutritional
value of silage and increases the risk of potential pathogenic
microorganisms 1'%, Various chemical additives with anti-
fungal properties, such as propionic acid, sorbate, benzoate,
acetic acid, ammonia, urea, some enzyme preparations and
Lactobacillus buchneri as silage inoculant have been used
to prevent or enhance of aerobic stability and decrease of
spoilage ", However, usage of most of these additives has
been restricted because of their other undesirable
properties. For instance, propionic acid is difficult to
handle because of its corrosive nature as well as at a pH
of 4.8, about 50% of the acid being undissociated '",
sorbate, benzoate, and acetic acid being too costly ',
Besides, L. buchneri as silage inoculant causes dry matter
losses in silage material at early fermentation phase 2.

In the present study, we aimed to express the 3-1,3-
glucanase gene of C. cellulans in L. plantarum to create
a recombinant silage inoculant to enhance the aerobic
stability and decrease the spoilage by secreting the 3-1,3-
glucanase enzyme by L. plantarum.

MATERIAL and METHODS

Strains of Bacteria and Growth Conditions

Lactobacillus plantarum strain 5057 was cultured on
MRS broth (Merck, 1.10661) and MRS agar (Merck, 1.10660)

at 37°C without shaking. For culturing of recombinant L.
plantarum, both MRS-broth and MRS-agar supplemented
with ampicillin (50 pg mL?"). Cellulosimicrobium cellulans
(Oerskovia xanthineolytica, ATCC 21606) was cultured in
GYM Streptomyces medium (glucose (0.4% wt/v), yeast
extract (0.4% wt/v), malt extract (1% wt/v), pH 7.2) at 28°C
with shaking at 250 rpm. Agar (1.2% wt/v) and CaCO,
(0.2% wt/v) were added into GYM Streptomyces medium
for preparation of GYM Streptomyces agar. Recombinant
Escherichia coli carrying recombinant pTEG5 plasmid DNA
was cultured in LB-broth (10 g bacto tryptone (Merck), 5
g yeast extract (Merck) and 10 g NaCl (Merck) per L, pH
7.5) at 37°C with shaking at 250 rpm. Agar (1.5% wt/v)
was added into LB medium for LB-agar. Both LB-broth and
LB-agar were supplemented with ampicillin (50 pg mL").
For activity testing of recombinant L. plantarum on MRS-
laminarin-agar plate, the plate was stained with Congo-
red solution (0.1% wt/v Congo-red) for 15 min and then
destained with 1 M NaCl solution for 15 min. Clear haloes
on the MRS-laminarin-agar plate indicated the presence of
-1,3-glucanase activity 1",

Plasmids

Recombinant vector pTEG5 was previously created
in the Animal Biotechnology and Genetic Engineering
Laboratory, Department of Animal Science, Faculty
of Agriculture, Cukurova University ', The recombinant
vector pTE353-BG (pUC18 + B-1,3-glucanase gene + p353-
2 cryptic plasmid) was created using Escherichia coli/
Lactobacillus shuttle vector pLP3537 (ampicillin resistant
and erythromycin resistant; amp®, er?) "1 and pTEGS5.
PTE353-BG was used for L. plantarum transformation ¢,
Recombinant L. plantarum strain carrying the recombinant
plasmid pTE353-BG, was cultured in MRS broth and on
MRS agar at 37°C supplemented with ampicillin (50 pg
mL"). Recombinant plasmid pTEG5 was isolated from
E. coli cells as described previously 1'”l. On the other hand,
PTE353-BG was isolated from recombinant L. plantarum
cells as described previously '8,

DNA Modification

The following modifying enzymes were purchased and
used for DNA modifications; Sacl, Smal, EcoRl, Hindlll, and
bacterial alkaline phosphatase, bacteriophage T4 DNA
ligase as well as Pfu DNA polymerase (Fermentas, Vivantis
and Promega Corporation). Restriction enzyme reactions
were monitored by examining digestion by agarose gel
electrophoresis using standard methods . Linearised
plasmid DNA and PCR products were excised from gels and
purified using Genomic DNA Purification Kit (Fermentas).

Cloning Procedures

p353-2 cryptic plasmid region (2.4 kbp) was derived from
pLP3537 vector by digestion with EcoRIl and then ligated
to EcoRl digested pTEG5 vector to construct the pTE353-
G recombinant plasmid.
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The pTE353-BG was electrotransformed into Lactobacillus
plantarum 5057 strain using the modified method " as
follows: For electroporation, 50 uL of the competent L.
plantarum cells were mixed with 1 pg of plasmid DNA and
transferred to a prechilled electroporation cuvette (1 mm
gap). After incubation for 2-3 min, the cells were exposed
to a single electrical pulse using a Gene-Pulser (Invitrogen)
set at 25 pF, 200 Q, 1300 V (13 kV cm”) and 25 mA
resulting in time constant of 5 ms. After electroporation,
electrotransformed L. plantarum cells were diluted with
500 pL MRS broth and incubated at 32°C for 4 h. Finally
the cells were plated on MRS-agar containing ampicillin
(50 pg mL") and incubated at 37°C for 48 h.

PCR and Restriction Endonuclease Analysis

The sequences of the primers used for amplifying of (3-
1,3-glucanase gene from the recombinant vector were 5'-
AGAGCTCGTGGCACTGCACTCGTTCGAGTCT-3’ (forward) and
5'-AGAGCTCGACGGGCGCGGTCAGAGCGTCCAG-3' (reverse)
based on the gene sequence . The PCR mixture consisted
of 5uL of reaction buffer, 1 uL of 40mM dNTP mix (200 uM
each final), 1 uL each of forward and reverse primers (20
pmol each primer), 0.5 uL of Pfu DNA polymerase (2.5U/
pL), 1 L of 50% wt/v DMSO (1% wt/v final), and 210 ng
of template in a total volume of 50 uL. The following
amplification program was used: Initial denaturation step
at 94°C for 2 min, then 30 cycles of denaturation at 98°C
for 10 s, annealing and elongation at 68°C for 5 min. A
final extension step was performed as 72°C for 5 min. PCR
reaction performed with recombinant plasmid analysed
by agarose gel (0.8% wt/v) electrophoresis.

For restriction endonuclease analysis, recombinant
plasmid pTE353-BG was isolated from L. plantarum trans-
formant. To detect the 3-1,3-glucanase gene, recombinant
plasmid was cleaved with Sacl+EcoRl restriction endo-
nuclease mixture and analysed by agarose gel (0.8% wt/v)
electrophoresis. Furthermore, pTE353-3G was digested by
HindIll to obtain a single linearized band.

Electrophoretic Analysis of Extracellular Proteins

To obtain the extracellular proteins of C. cellulans and L.
plantarum strains from culture supernatants, the overnight
grown cells were pelleted by centrifuge. The extracellular
extracts (supernatants) were mixed with 1:1 volume of
20% TCA for precipitation. After the incubation at room
temperature for overnight, protein pellets were obtained
by centrifuge. Air-dried proteins were dissolved in 0.1 M
Tris-HCL buffer (pH 8.0).

SDS-PAGE and SDS-Laminarin-PAGE (0.2% laminarin)
were done as described previously 2" with slab gels (12%
wt/v acrylamide). After the electrophoresis, the gel was
stained for 1 h with Coomassie blue R 250 dye in methanol-
acetic acit-water solution (4:1:5 by volume) and destained
in the same solution without dye ?2?3, For activity staining
(zymogram analysis), SDS was removed by washing the

gel at room temperature in solutions containing 50 mM
Na,HPO,, 50 mM NaH,PO, (pH 7.2), isopropanol 20% v/v for
1 h and 50 mM Na,HPO,, 50 mM NaH,PO, (pH 7.2) for 1 h,
respectively. Renaturation of enzyme proteins was carried
out by keeping the gel overnight in a solution containing
50 mM Na,HPO,, 50 mM NaH,PO, (pH 7.2), 5 mM B-
mercaptoethanol and 1T mM EDTA at 4°C. The gel was
then transferred onto a glass plate, sealed with film, and
incubated at 30°C for 4 h. The gel was stained in a solution
of Congo-red (0.1% Congo-red, 0.2 M NaOH), for 1 h, and
destained in 1 M NaCl for 30 min. Clear bands indicated the
presence of 3-1,3-glucanase activity 2+,

Enzyme Assay

[-1,3-Glucanase activity was assayed by adding 1 mL
enzyme to 1 mL laminarin (2%, wt/v) in 0.1 M Na-phosphate
buffer, pH 6.0 and incubating at 40°C for 30 min. The reaction
was stopped by addition of 3 mL of 3,5-dinitrosalicylic acid
reagent and A,,, .., was measured in a Pharmacia spectro-
photometer 7,

Temperature and pH effects on enzyme activity were
assayed at different temperatures ranging from 20 to
100°C and at pH values ranging from 4 to 11 for 30 min.
Following buffers were used in the reactions: 50 mM Na-
acetate (pH 4-6), 50 mM Na-phosphate (pH 6-8) and 50
mM Tris (pH 8-11) %8, Enzyme assay carried out as described
previously.

For the measurement of thermal stability, the enzyme
was pre-incubated at temperatures between 20 to 100°C
for 30 min at optimum pH. The enzyme activity was
determined under standard enzyme assay condition.
Enzyme assay carried out as described previously.

Supernatants of recombinant L. plantarum were taken at
predetermined time intervals (0 min, 12, 24, 36, 48,60, 72 h)
of culturing period. Enzyme assay of supernatants carried
out as described previously and enzyme production
depending on culturing period determined.

RESULTS

Transformation of Lactobacillus plantarum

The first generation recombinant vector pTEG5 (pUC18
plus B-1,3-glucanase gene of C. cellulans) was created
previously . In present study, the 2.4 kbp EcoRI-EcoRI
p353-2 cryptic plasmid region including replication origin
of L. plantarum was derived from the pLP3537 and ligated
to pTEG5 to create the second generation recombinant
plasmid pTE353-BG (Fig. 1).

The pTE353-BG recombinant plasmid was then electro-
transformed into L. plantarum to express the -1,3-glucanase
gene. Recombinant L. plantarum colonies showed (3-1,3-
glucanase activity on MRS-agar plate supplemented with
ampicillin (50 ug mL") and laminarin (0.1% wt/v) with clear
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zones around of the recombinant colonies (Fig. 2).

While original L. plantarum with no ampicillin resistance
gene did not grow on solid growth medium contain
ampicillin, recombinant L. plantarum/pTE353-BG bearing
Amp resistance gene on the vector grew well on the same
medium (data not shown).

Recombinant pTE353-3G plasmid was isolated from
recombinant L. plantarum strain. It was then subjected

Eco RI digestion
&
Ligation

aseuean|o-g'l-g
bla

g
2

to restriction fragment length analysis together with
PCR amplified DNA encoding the gene on agarose
gel electrophoresis (0.8% wt/v). -1,3-glucanase gene
fragment (~1.9 kbp) amplified by PCR and restriction endo-
nuclease digested recombinant plasmid confirmed
the success of the cloning experiments. Recombinant
plasmid digested with Sacl+EcoRl was yielded the same
DNA fragment consisting of pUC18, p353-2 and B-1,3-
glucanase gene (Fig. 3).

LacZ

B-1,3-Glucanase p-1,3-Glucanase

pTE353-BG
(~7 kbp)
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e

.
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Fig 1. Construction of pTE353-BG plasmid (~7 kbp) by ligating p353-2 cryptic plasmid region including replication origin of

L. plantarum (~2.4 kbp) into pTEG5 (~4.6 kbp)

Sekil 1. L. plantarum replikasyon orijinini iceren p353-2 kriptik plazmit bolgesinin (~2.4 kbg) pTEG5'e (~4.6 kbg) ligasyonu ile

pTE353-BG plazmitinin (~7 kbg) olusturulmasi

Fig 2. Recombinant L. plantarum colonies showing clear (3-1,3-glucanase
activity on MRS-agar plate with Congo red staining

Sekil 2. MRS-agar plaginda Congo-red boyamasi ile 3-1,3-glukanaz
aktivitesi gosteren rekombinant L. plantarum kolonileri

€— pUC18 (~2.7 kbp)
€— p353-2 (~2.4 kbp)

€ ﬁ-l}-Glucanase ("1'9 kbp) endontikleaz ve PCR analizleri (M: 1 kb¢ DNA markir,

Culture supernatants of C. cellulans, L. plantarum/
PTE353-BG, and L. plantarum were applied to SDS-PAGE
and SDS-Laminarin-PAGE to visualize total proteins and
zymogram analysis, respectively. For zymogram analysis,
denaturated proteins were renaturated on SDS-Laminarin-
PAGE after removing denaturating agents from the gel and
then allowing to the enzyme to digest substrate, thereby
producing clear zones on the gel. On zymogram analysis,
only B-1,3-glucanase protein band of C. cellulans with
54.5 kDa in size was showed a clear zone together with
extracellular protein counterpart of other recombinant
L. plantarum strain (Fig. 4). It is clearly indicated that
B-1,3-glucanase gene of C. cellulans successfully expressed
in L. plantarum without any significant proteolytic
degradation.

Enzyme Properties

The optimum activity of the enzyme isolated from
recombinant L. plantarum was observed at 40°C. The mean
enzyme activities were 91, 86 and 62% at 30, 50 and 60°C

Fig 3. Restriction endonuclease and PCR analysis of
PTE353-BG plasmid on agarose gel (M: 1 kbp DNA
marker, 1: PCR amplified fragment of 3-1,3-glucanase
gene from pTE353-BG, 2: pTE353-BG/Hindlll, 3: pTE353-
BG/Sacl+EcoRl)

Sekil 3. pTE353-BG plazmitinin agaroz jelde restriksiyon
1: pTE353-BG'dan PCR ile amplifiye edilmis $-1,3-

glukanaz gen fragmenti, 2: pTE353-BG/Hindlll, 3:
PTE353-BG/Sacl+EcoRl)
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respectively, whereas only 23% activity was retained after
incubation at 70°C for 30 min (Fig. 5A). The enzyme also
showed a significant relative activity (80.6%) between
pH 5.0 and 7.0 with an optimum pH of 6.0 (Fig. 5B). For
thermal stability estimation, the retaining activity was
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determined at optimum pH and temperature (Fig. 5C). The
retained original enzyme activity obtained from 20 to 60°C
was 94% for 15 min. The enzyme was stable for 15 min
between at 20 and 40°C, while at 50, 60, 70 and 80°C, 9, 22, 71
and 87% of the original activities were lost, respectively.

3

Fig 4. SDS-PAGE (A) and SDS-Laminarin-PAGE (B) analysis
of recombinant and non-recombinant bacterial proteins
(M: Marker, 1: L. plantarum, 2: L. plantarum/pTE353-BG, 3: C.
cellulans)

Sekil 4. Rekombinant ve rekombinant olmayan bakteriyel
proteinlerin SDS-PAGE (A) ve SDS-Laminarin-PAGE (B) analizleri
(M: Markir, 1: L. plantarum, 2: L. plantarum/pTE353-BG, 3: C.
cellulans)
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Fig 5. Enzyme properties of recombinant 3-1,3-glucanase (A: Effect of temperature, B: Effect of pH, C: Thermal stability, D: Enzyme

production depending on bacterial growth)

Sekil 5. Rekombinant 3-1,3-glukanazin enzimatik 6zellikleri (A: Sicakhigin etkisi, B: pH'nin etkisi, C: Termal stabilite, D: Bakteri gelisimine

bagli enzim tretimi)
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The production of (3-1,3-glucanase by the recombinant L.
plantarum was reached maximum activity at 36 h of
incubation period (Fig. 5D). After 60 h of incubation period,
the enzyme activity started to decrease.

DISCUSSION

With this study, -1,3-glucanase gene of C. cellulans
was cloned and expressed in L. plantarum. The enzyme
secreted from L. plantarum was found to be active with
clear zones on MRS-agar plate containing laminarin. On
the other hand, zymogram analyses clearly indicated that
activity bands with same size surrounded with clear zones
confirming the expression of C. cellulans 3-1,3-glucanase
gene in L plantarum successfully without any significant
proteolytic degradation.

-1,3-Glucanase gene of C. cellulans (ATCC 21606) was
well studied and enzymatic properties were revealed 2,
Furthermore, the nucleotide sequence of the gene was
determined ?%. In our previous study, the DNA fragment
of gene was generated by PCR from C. cellulans genome,
ligated into Smal digested pUC18 and then first generation
recombinant vector pTEG5 was created ', In the present
study, p353-2 cryptic plasmid region (2.4 kbp) including
replication origin of L. plantarum was derived from
Escherichia coli/Lactobacillus shuttle vector pLP3537 then
ligated into EcoRl digested pTEG5 and second generation
recombinant vector pTE353-BG was created. The pTE353-
BG recombinant vector was then successfully transferred
into L. plantarum 5057.

Silage can spoil rapidly if exposed to air during storage
or feed out stage of silage. Although a common mis-
conception is that molds are responsible for spoilage of
silage, yeasts are the primary microorganisms that cause
aerobic spoilage and heating .. Some chemical additives
and inoculant microorganisms were used to increase the
aerobic stability and to prevent the spoilage of silage.
Molecular studies on silage inoculants have been increased
and then some genes were cloned in lactic acid bacteria
for improvement for DM loses.

Aerobic deterioration of silage is a complex process
which depends on many factors and usually it is initiated
by aerobic yeasts 2% Various chemical additives with anti-
fungal properties, such as propionic acid, sorbate, benzoate,
acetic acid, ammonia, urea, some enzyme preparations
and Lactobacillus buchneri as silage inoculant have been
used to prevent or enhance of aerobic stability and decrease
of spoilage . However usages of most of these additives
have been restricted because of their other undesirable
properties.

Previously, several genes from other microorganisms
were cloned and expressed in L. plantarum such as a-
amylase B34, cellulase, xylanase and endoglucanase 3%,
endo-1,4-B-glucanase B9, levanase 57, (3-galactosidase %

and chitinase B9, Besides, herbal B-1,3-glucanase genes
from soybean 9, jujube fruit ¥ and rice “? were cloned
previously. On the other hand, the C. cellulans 3-1,3-
glucanase gene was cloned and expressed in Bacillus
subtilis and E. coli"3%43, But this is the first report to the
best of our knowledge in which the -1,3-glucanase gene
from C. cellulans was cloned and expressed in L. plantarum
to create new silage inoculant for better aerobic stability.

In our study, the optimum temperature of the recom-
binant enzyme was found with a wide range between 30-
60°C. Although the gene has been cloned in several bacteria
including E. coli and B. subtilis, temperature properties
have not been investigated. On the other hand, temperature
optimums of the B-1,3-glucanases from strain DSM 10297
and TK-1 were reported as 40 and 60°C, respectively ™.
Our finding is in agreement with optimum temperatures
of the enzymes from the strains DSM 10297 and TK-1. On
the other hand, optimum pH of our recombinant enzyme
was found as 6.0 with a significant relative activity (80.6%)
between pH 5.0 and 7.0. The present study indicates that,
this enzyme prefers slightly acidic pH for optimal activity.
Similar pH conditions for activity of native (3-1,3-glucanase
from C. cellulans have been reported previously ?°. pH
values of various silages observed in other studies were
reported as 4.3-4.5 (alfalfa silage with 30-35% DM), 4.7-
5.0 (alfalfa silage with 45-55% DM), 4.3-4.7 (grass silage
with 25-35% DM), 3.7-4.2 (corn silage with 35-40% DM),
and 4.0-4.5 (high moisture corn silage with 70-73% DM) .,
Our enzyme has been protected almost 40 and 55% of its
activity in 4.0 and 5.0 pH conditions, respectively. With our
results, the recombinant enzyme could be considered as
a solution partially for aerobic spoilage at feed out stage.
Besides, considering the development of L. plantarum
at 30°C, this temperature value is quite appropriate for
activation of the recombinant enzyme. Our enzyme
has been suffered the loss of activation over 60°C for 30
min. So, under the unsuitable silage conditions with
60°C, our enzyme began to denature.

In conclusion, the B-1,3-glucanase gene of C. cellulans
cloned in L. plantarum. Recombinant L. plantarum expressing
-1,3-glucanase encoding gene could be considered as
a silage inoculant for aerobic spoilage of silage.
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Summary

In this experimental study it was aimed to investigate the effects of chronic continuous DADLE administration on erythrogram and the
biochemical profile (ALP, ALT, AST, LDH, glucose, urea, creatinine, albumin, total protein). The study was carried on 48 adult male Wistar rats.
DADLE was administered via osmotic mini-pumps, implanted subcutaneously. After the 28-day treatment, plasma glucose levels increased
and urea levels decreased significantly in experimental group animals compared to the control group. Differences between the groups
were not found to be statistically significant with respect to the other investigated parameters. So we conclude that chronic continuous
administration of DADLE via osmotic mini-pumps did not exert any detrimental effect on erythrogram and the biochemical profile in rats.

Keywords: DADLE, Opioid, Osmotic pump, Erythrogram, Biochemical profile

D-Ala? D-Leu’-Enkephalin (DADLE)’in Sicanlarda Siirekli
Perfiizyonunun Eritrogram ve Biyokimyasal Profile Etkisi

Ozet

Bu deneysel calismada DADLE'nin kronik siirekli uygulamasinin bazi eritrositer parametreler (eritrogram) ve biyokimyasal profil
(ALP, ALT, AST, LDH, glikoz, Ure, kreatinin, alblimin, total protein) lizerine olan etkilerinin arastirilmasi amaclanmistir. Calismada 48 adet
yetiskin erkek Wistar sican kullaniimistir. DADLE deri altina implante edilen ozmotik mini pompalar ile uygulanmistir. Yirmisekiz gtinliik
uygulama sonrasi deney grubu hayvanlarinin plazma glikoz diizeyleri artarken ure dizeyleri diismis ve bu degisikliklerin kontrol grubu ile
karsilastirildiginda istatistiksel 5nemde oldugu gériilmiistiir. incelenen diger parametreler acisindan gruplar arasindaki farklar istatistiksel
olarak 6nemli bulunmamistir. Bu nedenle DADLE'nin ozmotik mini pompalar ile kronik ve stirekli uygulanmasinin sicanlarda eritrogram ve
biyokimyasal profil agisindan herhangi bir zararli etki olusturmadigi sonucuna varilmistir.

Anahtar sozciikler: DADLE, Opioid, Ozmotik pompa, Eritrogram, Biyokimyasal profil

INTRODUCTION

Hibernation is an adaptive and protective strategy for a
group of animal species and makes it possible for them to
survive extended periods of food deprivation and extreme
ambient conditions "2, Animals in the hibernating state can
tolerate body temperatures close to zero ¥ and excessively
decreased blood flow to vital organs .,

Dawe and Spurrier © showed that blood from
hibernating animals can induce hibernation when trans-
fused into active euthermic individuals and suggested

for the first time the existence of a triggering substance
in the blood. Furthermore they showed that this
hibernation induction trigger (HIT) is not speciesspecific 7.
Later it has been found that HIT is present in the
albumin fraction of plasma ©® and opioid receptors
are involved in the induction of hibernation ©. The
synthetic peptide DADLE (D-Ala%D-Leu*-Enkephalin;
C,0H;N,O,) is a stable analogue of the endogenous delta
opioid encephalin "', [t passes blood-brain barrier after
systemic application ' and has a selective agonistic
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property on delta-opioid receptors . DADLE has been
found to induce hibernation in hibernant animals after
continuous infusion 3],

The fascinating tissue protective adaptation seen
during hibernation attracted substantial research interest
on HIT and DADLE, so a wide range of studies have been
conducted investigating the potential protective efficacy
of them “', Indeed it has been demonstrated that HIT
and DADLE prolong the survival of isolated organs (heart
and liver) in a multiorgan preservation preparation almost
6-fold, which could have crucial implications for organ
transplantation research '>'¢, Summers et al.'”? found
that DADLE treatment improves hemodynamic stability
and prolongs survival in an animal model of severe
hemorrhagic shock. Another in vivo study showed that
parenteral administration of DADLE protects the liver of
rats against ischemia reperfusion injury 8. Further studies
pointed out the protective efficacy of DADLE on the
nervous system %119, Recently, Borlongan et al.* showed
that DADLE pre-treatment, administered parenterally,
prevents cell death processes and behavioral symptoms
caused by experimentally induced stroke in rats.

The aforementioned results together manifest that
DADLE has substantial protective efficacy in various cells
and tissues and may be regarded as a promising novel
therapeutic agent. Nevertheless it is known that prevalence
of anemia is highly correlated with opioid use 2, and it has
been reported that opioids cause membrane alterations
of red blood cells 2. Besides activation of different opioid
receptor subtypes may exert different effects on target
cells 31, To the best of our knowledge no study has so far
investigated the side effects of DADLE on erythrogram or
the biochemical profile. So the aim of the present study was
to investigate the potential side effects of long-term DADLE
infusion on some erythrocyte and biochemical parameters.

MATERIAL and METHODS

Animals

Male Wistar albino rats weighing 250-275 g were used
for the study. They were randomly allocated to 2 groups,
each consisting of 24 rats, as control and experimental
groups. All animals were housed in polycarbonate cages
with wood shavings bedding in a climate-controlled
animal room with 12/12 h light/dark cycle. They were
fed standard laboratory chow and tap water ad libitum.
All experimental procedures were approved by Istanbul
University Veterinary Faculty’s Animal Experiments Local
Ethics Committee (Approval no. 2003/65)

DADLE Application

Rats were anesthetized using xylazine/ketamine (10/75
mg/kg). Osmotic mini pumps (Alzet, USA) containing DADLE
(Sigma-Aldrich, Germany) and physiologic saline solution

were implanted subcutaneously into the interscapular
region of experimental and control group animals, respec-
tively. Experimental group animals received approximately
2.5 ul (£10%) of DADLE solution (0.5%) per hour, depending
on the mean pumping rate of osmotic pumps during
28-day experimental period.

Samples and Tests

At the end of the experimental period all animals
were exsanguinated via cardiac puncture under general
anesthesia with xylazine/ketamine (10/75 mg/kg, Bayer,
Turkey). Blood samples were collected into dry and EDTA
tubes. Erythrogram parameters were determined using
anticoagulated blood samples by using an electronic cell
counter (Medonic 570, Boule Medical, Sweden) . Sera were
obtained from blood samples collected into dry tubes and
were used for the determination of biochemical profile
including following parameters: alkaline phosphatase
(ALP), alanine aminotransferase (ALT), aspartate amino-
transferase (AST), glucose (GLU), creatinine (CREA), lactate
dehydrogenase (LDH), albumin (ALB), total protein (TP)
and urea (URE) using an automatic biochemical analyzer
(Abbott Architect, Abbott Laboratories, USA ).

Statistical Analysis

All statistical analyses were performed with statistical
software SPSS (version 11.5.2.1) using the independent
samples t-test. All results are reported as means + SEM.
Significance was accepted at P<0.05 level.

RESULTS

Hematological parameters are shown in Table 1. There
were no statistically significant differences between groups.

The data on biochemical parameters are shown in
Table 2. Glucose level increased and urea level decreased in
DADLE treated group compared to the control group, and
both differences were found to be statistically significant
(P<0.05). There were no statistically significant differences
regarding other parameters.

Table 1. Hematological parameters
Tablo 1. Hematolojik parametreler

Parameter Control (n=24) DADLE (n=24)
Red blood cells (10/mm?3) 7.91+£0.11 8.08+0.09
Hemoglobin (g/dl) 12.27+0.16 12.44+0.12
Hematocrit (%) 40.98+0.54 41.49+0.40
MCH (pg) 15.52+0.15 15.43+0.12
MCHC (g/dl) 29.96+0.11 30.03+0.08
MCV (fl) 51.81+0.42 51.40+0.41
RDW (%) 21.62+0.31 21.29+0.32
MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin
concentration; MCV: mean corpuscular volume; RDW: red blood cell
distribution width
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Table 2. Biochemical parameters
Tablo 2. Biyokimyasal parametreler

Parameter Control (n=24) DADLE (n=24)
ALP (U/L) 387.61+14.63 409.13+22.40
ALT (U/L) 79.17+3.31 84.75+3.01
AST (U/L) 154.17+12.07 164.83+£16.59
LDH (U/L) 362.86+9.96 392.29+16.65
Urea (mg/dl) 37.57+0.74* 34.54+0.88*
Albumin (g/dl) 3.19+0.05 3.17+0.03
Glucose (mg/dl) 161.65+4.07* 178.71+4.42*
Creatinine (mg/dl) 0.40£0.01 0.40£0.01
Total protein (g/dl) 6.92+0.06 6.95+0.07
ALP: alkaline phosphatase; ALT: alanine aminotransferase; AST: aspartate
aminotransferase; LDH: lactate dehydrogenase; * Differences between
the means of control and experimental groups are statistically significant
(P<0.05)

DISCUSSION

To the best of our knowledge there are no studies
examining the effects of long-term DADLE administration
on erythrogram. In the present study 28-day continuous
infusion of DADLE did not reveal any significant effect
on the investigated parameters related to erythrocytes.
Although studies focusing on the side effects of DADLE
on hematological parameters are lacking, the effects of
other opioids such as morphine on erythrocytes and
related parameters have been investigated in various
studies. Nie et al.?¥ found that acute and chronic in
vivo and in vitro application of morphine, a mu-opioid
receptor agonist, increased the osmotic fragility of red
blood cells and shortened their lifetime by affecting the
cell membrane. Zeiger et al.”? explained the high anemia
prevalence among chronic opioid users with increasing
levels of opioid receptors on red blood cells due to chronic
opioid usage and subsequently increasing deformability
of erythrocytes. Even though there is evidence indicating
the presence of kappa- and mu-opioid receptors on the
erythrocyte membrane 222, we could not encounter any
finding about the delta opioid receptors in the literature.
The abovementioned detrimental effects of opioids on
erythrocytes were attributed both to the ligand-receptor
interactions 22 and to the direct effect of opioid on
erythrocyte membrane 24, So the absence of any effect of
DADLE on red blood cells and related parameters can be
due to the lack of delta opioid receptors on erythrocyte
membran or could be interpreted that chronic DADLE
administration at this dose does not have any side effects
on erythrocyte membran directly.

Because of its crucial role in biotransformation and
metabolism of most opioids as well as various other drugs,
liver is predisposed to toxic injury, especially in chronic
exposure to these drugs %, Indeed it has been reported
that parenteral administration of various opioids caused

hepatic damage indicated by increased liver enzymes 2.,
However to the best of our knowledge there are no
studies investigating the adverse effects of chronic DADLE
treatment on liver. Notwithstanding with the reports about
detrimental effects of opioids on liver, Yamanouchi et al.'®
stated that acute DADLE treatment exerted a hepato-
protective effect against acute liver damage and decreased
serum ALT level in rats. In the present study chronic DADLE
treatment via osmotic mini-pumps showed neither a
beneficial nor a detrimental effect on liver enzymes.

Lactate dehydrogenase is a stable cytosolic enzyme
present in a wide variety of mammalian tissues and cells,
and leaks out of the cells into the bloodstream as a result
of cell membrane damage 5% The increase of LDH level in
extracellular fluid (e.g., plasma, serum) is a sensitive but
nonspecific marker of cell and tissue damage including
liver, kidney, heart and muscle 2. There are various in vitro
studies in literature, investigating the effects of DADLE
on several tissues and cells and it has been reported that
DADLE exerted protective effect on these tissues and
cells indicated by a decrease of LDH level 3339, Dalargin
(D-Ala? Leu® Args-enkephalin), another delta opioid receptor
(DOR) agonist similar to DADLE, has been found to have a
decreasing effect on LDH level in a traumatic shock model
in rats ®71. Aticl et al.”® reported that long-term opioid
treatment caused hepatic and renal damage in rats as
indicated by a serum LDH increase. Nevertheless we could
not find any reports about the in vivo effects of chronic
DADLE treatment on LDH level. In the present study long-
term DADLE treatment did not alter the plasma LDH
activity, and this finding can be interpreted as an absence
of detrimental effects on tissues including liver and kidney.

There was no significant difference between the
creatinine levels of experimental and control groups in the
present study. Besides, plasma urea level of DADLE treated
animals was significantly (P<0.05) lower than that of the
control group animals. Nevertheless both parameters
were in normal range. Since the DADLE treatment did not
alter the creatinine levels of both groups, it can be argued
that the glomerular function was not altered by long-
term treatment. So the aforementioned decrease in urea
level of the experimental group can be based either on
the decrease of protein catabolism or on an impairment
of urea synthesis. The first possibility of altered protein
metabolism by DADLE can be eliminated considering that
there was no difference between plasma albumin and
total protein levels of groups, and both parameters were
in normal range. In this context it can be suggested that
the decrease in the urea level of the experimental group is
based on its impaired synthesis in liver. However we could
not find any data about the effects of long-term DADLE
treatment on urea synthesis in the literature to compare
and discuss this possibility.

A wide range of studies has been conducted to inves-
tigate the effects of opioids on glucose homeostasis 5844,
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It has been known for several decades that parenterally
administered morphine causes hyperglycemia “\. Bailey
and Flatt 2 reported that mu receptor agonist DAMGO
(D-Ala?, N-Me-Phe*, Gly>-ol-Enkephalin) and delta receptor
agonist DADLE dose dependently increased plasma
glucose levels in rats. Beta endorphin, which exhibits
high affinity for delta opioid receptors “°, has been
found to significantly increase plasma glucose level 7,
Nonetheless Gunion et al.** reported that only mu-opioid
receptor stimulation resulted in hyperglycemia in rats
whereas delta opioid receptor sub-type was ineffective. In
our present study long-term DADLE treatment produced
a significant (P<0.05) hyperglycemia in the experimental
group. This increasing effect of DADLE on plasma glucose
level may be due to its interaction with delta opioid
receptors as suggested before 1042,

In summary 28-day continuous infusion of DADLE via
osmotic mini-pumps in our present study did not cause
any significant alterations on erythrocyte parameters and
biochemical profile except for a decrease in the plasma
urea level and an increase in the glucose level. The finding
of hyperglycemia is in accordance with previous data. Even
though there is no relevant data in the literature to compare
and discuss the significant decrease in the plasma urea
level that we have observed, the levels of experimental
and control groups were in normal range. Considering that
the inspected biochemical parameters related to liver and
kidney functions and the erythrocyte parameters were
unaffected by DADLE, it would be reasonable to suggest
that DADLE does not have any major detrimental effects at
this dose level. Because of its promising tissue protective
effects, DADLE deserves further study as a therapeutic agent,
and our results could contribute to the further evaluation
of chronic effects of DADLE treatment on various tissues,
organs and systems.
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Summary

In this study, total of 400 aorta suspected with parasitic aortitis was investigated between the years 2011-2012 in slaughtered cattle

in the Southeastern of Turkey. Particularly arcus aorta and its surroundings were investigated. Macroscopically 32 of 400 (8%), both
macroscopically and microscopically 43 (10.75%) cattle were diagnosed as aortic onchocercosis. The aim of this study is to investigate
prevalance and pathology of parasitic aortitis in detail caused by Onchocerca armillata in the Southeastern region of Turkey.

Keywords: Cattle, Onchocerca armillata, Parasitic aortitis

Tiirkiye'nin Giineydogusu’'nda Mezbahalarda Kesilen Sigirlarda
Onchocerca armillata’nin Neden Oldugu Parazitik Aortitis

Ozet

Bu calismada, Turkiyenin Glineydodusu'nda 2011-2012 yillari arasinda mezbahalarda kesilen 400 sigir aortasinda gézlenen parazitik
aortitis olgulari incelendi. Aortalarin alinis yeri arcus aorta ve cevresi idi. incelemeler sonunda 400 hayvandan 32 tanesinde (%8)
makroskobik, 43 tanesinde ise (%10.75) hem makroskobik, hem de mikroskobik olarak aortik onkoserkozis tespit edildi. Bu ¢calismanin
amaci Turkiye'nin Glineydogusu'nda Onchocerca armillata adli parazitin neden oldugu parazitik aortitis olgularinin prevalansi ve

patolojisinin ayrintili bir bicimde incelenmesidir.

Anahtar sozciikler: Sigir, Onchocerca armillata, Parazitik aortitis

INTRODUCTION

Onchocerca armillata a parasite found in the wall of the
aorta of cattle ' buffalo ¥, sheep 5, goat ® and camels ..
Onchocerca armillata is mostly observed in the south of the
Asian regions and African continent closer to the equator &%,
In recent years, onchocercosis was also reported in the
Tanzania ", Cameroon "%, Venezuela ' and in the Greece "%,
Onchocerca spp. have been reported at skin, tendons,
aponeurosis, testicular and breast tissues as well ©. The life
cycle and vectors of the Onchocerca armillata are unknown.
However, black flies and mosquitoes are thought to
be vectors "*'%, Onchocercosis often do not show any
significant clinical symptoms. Sometimes the bulls show
neural symptoms and sometimes microfilaria localized at

ocular regions causes recurrent ophthalmitis 4. Onchocerca
armillata mostly settles in the arcus aorta region. However,
can also be found in brachiocephalic truncus, cervical
and brachial arteries and the abdominal aorta up to the
iliac bifurcation regions "8, Affected aortic intima layers
have undulant appearance. Numerous tunnels and nodules
are found in the media. These nodules show protrusions
towards the intima and media layers. Survived and matured
microfilaria can pass the circulation 2. Parasitic tunnels are
filled with a thin connective tissue without inflammatory
cells. Granulomatous nodules present around the dead,
degenerate or calcified parasite larvae, contain dominantly
eosinophil leukocytes #1151 Granulomatous foci in the
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vessel wall can be resorbed over time. Aneurysms can be
observed in very old animals due to calcified nodules ™57,
In recent years, antiparasitic disenfestation decreased the
frequency of the onchocercosis M.

The aim of this study is to examine the prevalence and
pathology of parasitic aortitis that caused by Onchocerca
armillata in the Southeastern region of Turkey.

MATERIAL and METHODS

This study was conducted in Sanliurfa, Diyarbakir, Hatay
and Gaziantep provinces of Turkey between the years 2011-
2012. A hundred sample from each province, from a total
of 400 cattle aorta, was collected from slaughterhouses.
The aortic samples were taken 2 cm above and below
including arcus aorta and were fixed in 10% neutral buffered
formalin. Fixed aorta lumens were opened and investigated.
At suspected places of intima, adventitia or random regions
of arcus aorta was trimmed parallel to the long axisbn of the
vessel and passed through all the layers. Then, tissue samples
embedded in paraffin by routine methods. Sections were
cut 5-6 um in thickness and were stained with hemato-xylin
and eosin (HE), Masson’s trichrom and Von kossa.

RESULTS

Macroscopical Findings

Macroscopically 32 of 400 (8%) cattle were diagnosed as
aortic onchocercosis. The affected vessel walls, in general,
thickened, crusty in consistency and lost flexibility. In a few
cases the vessel walls were in appearance of rubber tube
and their lumens were severely narrowed.

The intima, media and adventitial layers of the aorta
were evaluated in more detail. Accordingly;

Tunica intima: Affected areas revealed tough and an
irregular surface. Some of nodules were yellowish gray in color
(Fig 1. A). The nodules of varying sizes (0.5-4.0 cm), especially
in areas close to the bifurcation, projecting to the vessel
lumen, hard in consistency, bright and white surface,
cross-sectional areas of calcification felt creaking (Fig.
1-B). Cut surfaces were dry and in caseous structure, which
was cleaved easily and surrounded by a tough connective
tissue to the size varies from lentils to nuts (Fig. 1-A,F). In
some areas, upturned edges formed crater-like foci
which causes shrinkage of the surface with the star-like
connective tissue induration (Fig. 1-A). In cross-sections,
caseous foci, easily cleaved and yellowish gray in color
were also observed (Fig. 1-F).

Tunica media: The cross section of the affected areas had
tough and an irregular surface. Thickening of the medial
layer was noticed in areas where parasitic granulomas were
observed. In some areas, dark red-brown old hemorrhage

areas hard in consistency were observed along with the
long axis. Their cross-sections showed caseous and/or
calcified parasite nodules and tunnels (Fig. 1-E,F).

Tunica adventitia: Parasitic nodule formations were
observed rarely at the adventitial layer. These nodules bud-
like, located sometimes single, sometimes combined with
each other in groups of two to three. In this layer the diameter
of the granulomas were quite large (the largest of the 4
cm) compared to the intimal layer. Granulomas that over-
flowing out of the vessel were hard in consistency, and
often surrounded by a broad connective tissue (Fig. 1-C).
In cross-sections the presence of large caseation and small
amount of calcified areas were noticed (Fig. 1-D).

Histopathological Findings

Fourty three of 400 (10.75%) cattle were diagnosed
as aortic onchocercosis both macroscopically and micro-
scopically. Histopathologically, 11 of 43 (2.75%) parasitic
aortitis were diagnosed with no macroscopic findings. In
general, varying degrees of tissue reactions were investigated
in the aorta. The majority of parasitic tunnels were located
in the intima and media (Fig. 2-B). These tunnels contained
dense haemorrhagia without inflammatory cell infiltration
(Fig. 2-A). However, calcium deposits were noticed in some
regions of these tunnels (Fig. 2-A,B,C). There are round or
ellipsoidal cavities containing one or more intact parasitic
sections, some with microfilariae. Worms and its structure
surrounding thin cuticula appeared to reside within a
round or ellipsoidal cavity, with a space between the
worm section and the host-derived lining. Some parts of
the parasitic cysts were limited by a thin connective tissue
without any inflammatory cell infiltration (Fig. 2-B,.C,D). A
thin halo was found between larvae and the connective
tissue capsule (Fig. 2-B,D). Muscle fibers around the parasitic
cysts and tunnels were hyalinised. Masson’s trichrome
stain revealed presence of connective tissue at the cyst
capsule. Some areas appeared basophilic with the H&E
further stained by von Kossa revealed calcium deposits
around and in the parasitic cysts and tunnels.

Details of inflammatory cell infiltration, calcification,
sclerosis and parasitic granulomas are given in Table 1.

Inflammatory reactions were examined in 3 stages;
acute, subacute, and chronic granulomatous aortitis.

Acute aortitis: Mostly started at adventitial vessels,
sporadic eosinophils, neutrophils and macrophage infiltrations
were spread in a linear style from intimal vessels to muscle
bundles. In some areas, dilated blood vessels, rounded
endothelial cells, inflammatory oedema and hyalinization of
muscle bundles were detected around the parasitic cysts.

Subacute aortitis: A great number of eosinophils, a few
number of macrophages, lymphocytes and plasma cell
infiltrations were observed in the surroundings of medial
and adventitial layers and that were moving towards to the
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Fig 1. Macroscopic appearance of parasitic aortitis. A- Parasitic nodules in the lumen of the aorta (thick arrows), and areas
of scar in appearance of star (thin arrows), B- Irregular and opaque appearance of calcified areas in the lumen of the aorta
(stars), C- Parasitic granulomas, surrounded by tough connective tissue, extending outward the aorta serosa (arrows),
D- Cross sections of parasitic granuloma in serosal surface (arrow), E- Calcium deposits along with long axis of intimal
surface (arrows), F- Parasitic tunnels advancing up to intima, adventitia and serosa (thin arrows), demarcated caseified
parasitic granuloma in the serosal surface (thick arrow)

Sekil 1. Parazitik aortitisin makroskobik gériinimii. A- Aorta limenine dogru cikinti yapan parazit nodlleri (kalin oklar)
ve yildiz gértinimundeki sikatriks alanlari (ince oklar), B- Aorta limeninde diizensiz ve opak gériinimdeki kalsifikasyon
alanlan (yildizlar), C- Aorta serozasindan disa dogru tasan etrafi sert bag doku ile sarili paraziter granulomlar (oklar), D-
Serozal ylizeydeki paraziter granulomun kesit yiizii (ok), E- intima yiizeyinde uzun eksen boyunca ilerleyen kalsiyum
birikimleri (oklar), F- intimadan adventisya ve serozaya kadar ilerleyen kazeifiye parazit tiinelleri (ince oklar), serozada
demarke durumdaki kazeifiye parazit granulomu (kalin ok)

dead and caseous parasitic cysts. This cellular infiltration
was generally localised around the old or calcified tunnels
(Fig. 2-F). Some areas showed new formation of blood
vessels with presence of few fibroblasts.

Chronic granulomatous aortitis: The chronic granulo-
matous aortitis was the most common type of inflammation.
Hyperchromatic and multinucleated giant cells were
observed around the dead, degenerated or calcified
parasitic cyst walls. A large number of eosinophilic infiltration
was present between giant cells. This infiltration was
supported by dense macrophages, lymphocytes, and
plasma cells (Fig. 2-F). The outermost composed from
granulation tissue that including fibroblasts, fibrocytes

and newly formed blood vessels. Muscle bundles were
hyalinised (Fig 2-E). In some areas, inflammatory cell
infiltration was decreased while sclerosis was increased.
In eight cases, arteriosclerotic foci with presence of clefts
at their centers composed of lymphocytes, macrophages,
fibroblasts, and fibrocytes were found. Some cases did not
show any inflammatory cell infiltration around the parasitic
cysts (8 cases), some of them were calcified (28 cases) and
some others revealed inflammatory cell infiltration (26
cases). On the other hand eosinophils and mononuclear
cell infiltration were observed without any sign of parasitic
cysts in eight cases. The inflammatory reaction against to
cysts and calcified cysts formations was observed at the
highest rate in the Diyarbakir province (Fig. 3).
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Fig 2. Microscopical aspects of parasitic aortitits. A- Calcified tunnels continue along with long axis of intimal surface (t).
Parasitic cyst demarcated by a thin connective tissue without any inflammatory reaction (arrow), H&E X 40, B- Parasitic
cysts surrounded by a thin connective tissue and halo in the intimal layer (arrows) and parasite tunnels (t) containing
hyaline tissue and calcium deposits, H&E X 40, C- Calcified wide tunnel (t) progressing in different directions towards
the layer of media and parasitic cyst (p) demarcated by the connective tissue, H&E X 100, D- An active parasitic cysts (p)
surrounded by a large halo and a thin connective tissue, H&E X 100, the closer view of the mikroflaria (arrow, enlarged
figure), E- Central part of parasitic granuloma is partly caseified in the medial layer, (p) surrounded by giant cells (arrows)
and connective tissue, H&E X 400, F- Completely caseified parasite (p), surrounded by multinucleated giant cells (arrows),
eosinophils and mononuclear cell infiltration, H&E X 400

Sekil 2. Parazitik aortitisin mikroskobik gériinimii. A- intimada uzun eksen boyunca devam eden kalsifiye olmus tiineller
(t). Etrafi ince bir bag doku ile sinirlandiriimis yangi hiicresi bulundurmayan paraziter kist (ok), H&E X 40, B- intimada
etraflarindan ince bir bag doku ve halo ile cevrili paraziter kistler (oklar) icerisinde hyalinize doku ve kalsiyum birikimleri
bulunduran parazit tunelleri (t), H&E X 40, C- Media katmanina dogru degisik yonlerde ilerleyen kalsifiye olmus genis
tunel (t) devaminda etrafi bagdoku ile sinirli parazit kisti (p), H&E X 100, D- Etrafi ince bir bag doku ve genis bir halo
ile cevrili aktif parazit kisti (p), H&E X 100, icerisindeki aktif mikroflaria’nin yakindan gortinimti (ok, biiytitilmds resim),
E- Media katmaninda, merkezi kismen kazeifiye olmus, cevresinde dev hiicreler (oklar) ve bagdoku ile saril paraziter
grantilom (p), H&E X 400, F- Tamamen kazeifiye parazit (p) etrafinda ¢ok cekirdekli dev hiicreleri (oklar), eozinofil I6kositler
ve mononkleer hticre infiltrasyonlari, H&E X 400
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5 mDiyarbakar
Fig 3. Evaluation of parasitic cysts according to the provinces
6 B §anhurfa
3 OHatay Sekil 3. Parazitik kistlerin illere gore degerlendirmesi
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Table 1. Histopathological aspects of parasitic aortitis due to Oncocerca armillata

Tablo 1. Onchocerca armillata’nin neden oldugu paraziter aortitisin histopatolojik degerlendirmesi

Case Inflammation Sclerosis Calcification Parasitic Cyst
Number Number
I M A I M A 1 M A | M A
1 D-18 - - - + . - - ¥ . - - B,
2 D-68 MEG ME M + - - + - = 4 + -
3 D-23 M = = + = = + = = + = =
4 D-58 = - ME = - - - - - - = -
5 D-28 ME M ME = + - - - - - 4 +
6 D-17 - - - + - - + - - + - -
7 D-75 ME ME ME + + - + + - + - -
8 D-7 - M M - - - - - - - - -
9 D-12 = = M = = + + = = = = +
10 D-69 = MD M 4F 4 - - - - 4 + -
11 D-72 ME ME MEG - + - + + + + + +
12 D-86 ME - MEG - + + - 2 + - ¥ +
13 D-67 M M - + - - + - . + -
14 D-4 ME MG M + + + - + ¥ .
15 D-3 MG M M - + - . + - ]
16 D-56 = MG M = + + - + - - + -
17 D-39 - M M - - - - - - - - -
18 D-21 = M M A = + + + = + + =
19 D-29 ME MEG ME + + = - + o = + -
20 D-44 ME - ME + - - + + - + + -
21 D-30 = M M - - - - - = o -
22 5-10 - - ME - - + - - - - - +
23 S-75 = ME ME = = - - - = = - -
24 S-14 M - - - - = + - . + B} _
25 S-65 - ME M = - - - - - - > -
26 S-64 M MG MG - + A - + - - + +
27 S-21 MEG MEG MEG + + + + + +
28 S-90 MEG MEG MEG + 4 3 + + +
29 S-51 M - M + - 4 + - : + . +
30 S-17 - ME - - & . - - - + B +
31 GA-52 - - - + - - + - - + - -
32 GA-65 = = M - - - - - - - - -
33 GA-1 ME - - + . 8 + _ ) o , _
34 GA-27 - ME - - - . - - - + + :
35 GA-78 - - - - - - - - - - - +
36 GA-30 ME ME - - - - - - - - - -
37 GA-18 ME ME - - - - - - - + - -
38 GA-17 - - - = = - ¥ . + _
39 H-26 ME ME MEG = + 3 + + + +
40 H-86 ME - - + + - + . + _
41 H-36 - - - + - - + - - + - -
42 H-23 M M - + - - + - - + - -
43 H-48 ME MEG MEG - + + + + + + + +
DISCUSSION of onchocercosis in the aorta (50-100%) "'l Use of anti-

helmentic drugs and pesticides decreased the presence
Aortic onchocercosis seen in different parts of the of Onchocerca spp. in the both vectors and hosts 3. In
world B101518 Previous studies reported high incidence this study, 43 (10.75%) of 400 animals from four different
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provinces showed the presence of aortic onchocercosis.
This means that antihelmentic drugs were not effectively
used in Turkey.

Recent studies showed Onchocercosis have still seen
in different parts of the world ['"314'71_ Alibasoglu et al.™
reported that onchocercosis was seen in the southeastern
provinces of Turkey in cattle, was not seen in western
Anatolia provinces, and it was concluded that the disease
was seen in tropical climates. However, according to recent
study conducted by Beytut et al®® the parasite was also seen
at Kars province where the climate is severely cold than
that of southern regions, also some other cases reported
from Greece ", This means that Onchocercosis can also
be seen in cold places. It is known that Onchocerca spp. is
carried by black flies and mosquitoes &', As these flies can
be found all over the world it is hard to establish a direct
relationship with climate and the incidence of the disease.

Onchocerca armillata is a parasite originated from
Onchocerca spp. It is known that flarial forms are found in
bloodstream and adult forms are reside in around arcus
orta. There is any report about parasitic aortitis caused by
other Onchocerca species which is located around arcus
aorta '#1%, |n this study, we decsribed parasitic aortitis due
to Onchocerca armillata around arcus aorta

In our country the prevalence and pathology of aortic
onchocercosis have been only studied by Alibasoglu et al."
and Beytut et al.®. Alibasoglu et al.™ examined the aortas
of animals around Cukurova and Western Anatolia regions
and they seen intensive infestation in the Cukurova region.
Materials of the present study were selected from the cities
that are close together and on the same line in the Southeast
provinces. Between these cities aortic onchocercosis was
mostly seen in Diyarbakir province. This was followed by
Sanliurfa, Gaziantep and Hatay provinces. According to Fig.
3; only cysts, the inflammatory reaction against to cysts
and calcified cyst formations were occurred at the highest
rate in the Diyarbakir province. Only the cyst formation and
inflammation were observed in all the provinces with almost
equal intensity. The data obtained from the present study
indicates that antihelmentic and pesticide drugs are not
effectively used in the Diyarbakir and Sanliurfa provinces.

Ogundipe et al." reported that in the parasitic cysts,
live, dead and calcified tissues were located close to each
other. In the present study the finding of degenerated or
calcified cysts located close to each other were compatible
with Ogundipe et al.'? and other studies ['"1%¢, Similarly,
degenerated or calcified cysts were surrounded by the
parasitic granulomas that contains giant cells, eosinophils,
macrophages, lymphocytes and fibroblasts were also
compatible with previous findings 1'%

The absence of any inflammatory reaction around
tunnels, and some parasitic cysts was remarkable. However,
in some cases, these parasite tunnels were found to be

calcified. It was previously reported by many researchers
that no inflammatory reaction occur against to live and
vibrant forms of parasite '>'¢, Some of the information
in the literature show that a substance released from live
cuticula of parasite body prevents reaction against to the
parasite ['>17,

With this study, the prevalence and pathology of
Onchocerca armillata in cattle was examined in detail in
the Southeastern region of Turkey.
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Summary

In this study, the effects of rosemary (Rosmarinus officinalis L.) oil supplementation to diet were investigated on performance, carcass traits and some
blood parameters of Japanese quails exposed to a high ambient temperature of 34°C. A total of 180 fifteen-day-old quails were divided into 6 treatments
consisting of 10 birds of 3 replicates. All groups were balanced according to initial live weight and gender. Birds were kept in wire cages in temperature-
controlled room at either 22°C for 24 h/d (thermo neutral-TN) or 22°C for 16 h/d and 34°C (heat stress-HS) for 8 h/d (from 9:00 to 17:00) during the study.
Trial was conducted as a 2x3 factorial arrangement. Birds were fed either a basal (control) diet (TN and HS) or the basal diet supplemented with 125 or 250
ppm of rosemary oil. The highest final live weight was observed in 250 ppm rosemary oil under the TN condition and the lowest was in control group of
HS. HS condition affected negatively on quail live weight (P<0.05), but the effect of rosemary oil on this parameter was not significant (P>0.05). Live weight
gain and feed intake were not significantly different among the treatment groups (P>0.05). Feed conversion ratio was better in rosemary oil groups than
control groups in both environmental conditions (P<0.01). Heat stress deteriorated carcass yield (P<0.01). The highest hot and cold carcass yield (g/100
g of body weight) was observed in 250 ppm rosemary oil added group under the TN condition, but this difference did not significant. Birds kept in HS
conditions had greater glucose level than hens kept in TN conditions (P<0.01). Rosemary oil decreased blood glucose level, especially in 250 ppm group of HS
(P<0.05). Total, HDL, LDL cholesterol and triglyceride levels were not significantly different among the treatment groups (P>0.05). In conclusion, rosemary oil
supplementation reduced the negative effects of heat stress. Rosemary oil could be considered as a potential natural feed additive, following further studies.

Keywords: Rosemary oil, Performance, Carcass traits, Blood parameters, Quail, Heat stress

Sicaklik Stresi Altindaki Japon Bildircinlarinda Karma Yeme ilave
Edilen Biberiye (Rosmarinus officinalis L.) Yaginin Performans,
Karkas Ozellikleri ve Bazi Kan Parametreleri Uzerine Etkileri

Ozet

Bu calismada, karma yeme ilave edilen biberiye (Rosmarinus officinalis L.) yaginin yuksek cevre sicakligina (34°C) maruz birakilan Japon bildircinlarinda
performans, karkas 6zellikleri ve bazi kan parametreleri Gzerine etkileri arastirimistir. Toplam olarak 180 adet 15 guinliik bildircin, her tekerriirde 10 bildircinin
bulundugu 3 tekerriirlii 6 gruba ayrilmistir. Tim gruplar baslangic canl adirliklari ve cinsiyet bakimindan dengelenmistir. Bildircinlar, ¢alisma stiresince
sicaklik kontrollii odalarda 22°C'de 24 saat/guin (termo nétral-TN) ve 22°C'de 16 saat/glin 34°C'de 8 saat/giin (9:00-17:00) (sicaklik stresi-HS) tel kafeslerde
barindiriimistir. Deneme 2x3 faktoriyel deneme diizenine gore yapilmistir. Bildircinlar temel yem (kontrol) (TN ve HS) ve temel yeme 125 ve 250 ppm biberiye
yagdi ilave edilen karma yemler ile beslenmistir. En ytiksek canli agirlik TN bolimiinde 250 ppm biberiye yadi ile beslenen grupta, en disiik canl agirlik ise
sicaklik stresi uygulanan tarafta kontrol grubunda gézlenmistir. Sicaklik stresi (HS) bildircinlarin canli agirligini olumsuz yonde etkilemis (P<0.05), biberiye
yaginin bu parametre Uzerine etkisi 6nemsiz bulunmustur (P>0.05). Canl agirlik artisi ve yem tiiketimi bakimindan arastirma gruplari arasinda énemli
farkhliklar tespit edilmemistir (P>0.05). Yemden yararlanma orani her iki ¢evre kosulunda da biberiye yagi ilave edilen gruplarda, kontrol gruplarindan daha
iyi bulunmustur (P<0.01). Sicaklik stresi karkas verimini kétl yonde etkilemistir (P<0.01). En yiiksek sicak ve soguk karkas randimani (g/100 g canli agirlikta)
TN sartlarinda 250 ppm biberiye yagi ile beslenen grupta gozlenmis, fakat bu farklilik istatistiksel olarak énemli cikmamistir. Sicaklik stresi grubundaki
bildircinlarin - kan glikoz seviyesi termo-notral gruba gore daha ytiksek tespit edilmistir (P<0.01). Sicaklik stresi uygulanan tarafta 6zellikle 250 ppm biberiye
yagdi verilen grupta kan glikoz seviyesi dismustir (P<0.05). Toplam HDL, LDL kolesterol ve trigliserit diizeylerinde deneme gruplari arasinda 6nemli farklihk
tespit edilmemistir (P>0.05). Sonug olarak, biberiye yadi ilavesi sicaklik stresinin olumsuz etkilerini azaltmistir. Biberiye yagi miteakip calismalardan sonra,
potansiyel bir dogal yem katki maddesi olarak distindlebilir.

Anahtar sozciikler: Biberiye yagi, Performans, Karkas 6zellikleri, Kan parametreleri, Bildircin, Sicaklik stresi
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INTRODUCTION

Heat stress is one of the most important factors adversely
affecting overall poultry production in tropical countries ™.
Heat stress has been associated with decreases on weight
gain, feed intake, feed efficiency and digestibility of nutrients
of birds . The ideal temperature for poultry is 10-22°C for
optimum body weight and 15-27°C for feed efficiency.

Different natural agents are used to minimize the harmful
effects of heat stress on performance of poultry. For example
some vitamins 34, minerals ! and substances with anti-
oxidant character such as tomato powder ©, Turkish
propolis 7, different essential oils ® and oil mix (Thymus
serpyllum, Laurus nobilis L., Myrtle oil, Foeniculum vulgare,
Salvia officinalis) ©.

Rosemary, (Rosmarinus officinalis L.), of the family
Labiatae, is an aromatic shrub with an intense pleasant
smell reminiscent of pine wood "%, The essential oil
volatile composition of rosemary has been the subject
of considerable research in recent years. The principal
volatile compounds in rosemary are camphor and
1,8-cineole, followed by borneol, verbenone, a-pinene and
camphene "3, Rosemary’s oils from natural populations
showed high variations in their antimicrobial and anti-
oxidant activity 41,

The aim of this study was to evaluate the effects of
dietary Rosemary oil (Rosmarinus officinalis L.) supplemen-
tation on the performance, carcass traits and some blood
parameters in Japanese quail reared in thermo-neutral
(TN) condition and exposed to high ambient temperatures
(HS) of 22 and 34°C, respectively.

MATERIAL and METHODS

Experimental Design and Diet Regimens

A total of 180 fifteen-day-old Japanese quails (Coturnix
coturnix japonica) obtained from a commercial company
(Deva-Yum Marketing Company, Elazig, Turkey) were used
after Firat University Animal Ethical Committee approval
(Official form date and number: 20.01.2012 and 2012/06).
The experiment was conducted at the Poultry Unit of
Veterinary Faculty, Firat University, between February 15 to
March 14. The birds which were exposed to two different
ambient temperature [thermo-neutral (TN) and heat stress
(HS)] and three different concentrations of rosemary oil
(0, 125 and 250 mg/kg), were divided into 6 treatments
consisting of 10 birds of 3 replicates according to 2x3
factorial order. All groups were balanced according to
initial live weight and gender. Birds were kept in wire cages
in temperature controlled room at either 22°C for 24 h/d
(TN) or 22°C for 16 h/d and 34°C (HS) for 8 h/d (from 9:00
to 17:00 h). At both temperatures, birds were fed either a
basal diet or the basal diet supplemented with 125 or 250

ppm rosemary oil. The rosemary oil was mixed in a carrier
(zeolite), which was then added at one kg per hundred
kg to the basal diet. For the rosemary oil treatments, 125
or 250 mg of commercial rosemary oil were added per kg
of feed. The concentrations of the volatile components in
rosemary oil were shown Table 1. Diets and fresh water were
offered ad libitum. Light was provided continuously (24
h) throughout the experiment. Ingredients and chemical
composition of the basal diet were shown in Table 2. The
basal diets contained 23.87% CP and 2897 kcal/kg of ME.

Table 1. The concentration of the volatile components in rosemary oil

Tablo 1. Biberiye yaginin icindeki ucucu bilesenlerin konsantrasyonu

Volatile Components Concentration (%)
1,8 Cineole 39.31
Camphor 14.69
a-Pinene 13.85
- Pinene 9.87
Camphene 6.17
Limonene 3.17
P-Cymene 2.58
Borneol 2.33
Myrcene 2.02
a-Terpineol 2.28
Bornyl Acetate 1.46
Others 2.27

Table 2. Ingredients and chemical composition of standard diet

Tablo 2. Standart karma yemin bilesimi ve kimyasal kompozisyonu

Feed Ingredients % Nutritional Composition %
Maize 29.03 | Dry matter 88.25
Wheat 25.00 | Crude protein 23.87
Soybean meal (48 CP) | 3429 |Crude fibre 2.55
Corn Gluten 410 | Ether extract 475
Vegetable oil 2.92 |Ash 5.45
Dicalcium phosphate 2.02 | Calcium #**** 1.00
Ground limestone 0.87 | Available phosphorus**** 0.79
NaHCO, 0.12 | Methionine **** 0.40
Salt 0.28 | Lysine **** 1.18
DL-Metiyonin 0.02 | ME, kcal/kg**** 2897
Vitamin mix * 0.25

Mineral mix** 0.10

Additive*** 1.00

*Vitamin premix supplied per 2.5 kg; Vitamin A 12.000.000 |U; vitamin D, 2.000.000)
IU; vitamin E 35.000 mg; vitamin K; 4.000 mg; vitamin B, 3.000 mg; vitamin B,
7.000 mg; Niacine 20.000 mg; Calcium D-pantotenat 10.000 mg; vitamin B, 5.000
img; vitamin B,, 15 mg; Folik Asit 1.000 mg; D-Biotin 45 mg; vitamin C 50.000 mg;
Choline chloride 125.000 mg; Canthaxanthin 2.500 mg; Apo Karotenoik Acid|
Ester 500 mg, ** Mineral premix supplied per kg; Mn 80.000 mg; Fe 60.000 mg; Zn
60.000 mg; Cu 5.000 mg; Co 200 mg; | 1.000 mg; Se 150 mg, *** Group Rosemar
0(1.000 g zeolit); Group Rosemary 125 (12.5 g rosemary 0il+987.5 g zeolit); Group|
Rosemary 250 (25 g rosemary oil + 975 g zeolit), **** Calculated
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Feed intake and BW were determined at weekly intervals.
The weight gain and feed conversion of birds were then
calculated.

At the end of the study (43" day) six males and females
quail from each group with an average body weight
near the group average were slaughtered and blood
samples were collected. Blood samples were centrifuged
at 2260 x g for 5 min, and sera were collected. Following
slaughtering, hot and cold carcass characteristics were
evaluated according to Institute of Turkish standards
rules el

Chemical Analysis

Serum cholesterol, triglyceride, and glucose
concentrations were measured using a biochemical
analyzer (Olympus AU-600) at University of Firat, Faculty
of Medicine, Department of Biochemistry. Chemical
composition of feed ingredients (dry matter, crude protein,
ash and ether extract) were analyzed according to the
AOAC " procedures and crude fiber was determined by
the methods of Crampton and Maynard '8,

Statistical Analysis

Data were subjected to two-way anova by using GLM
(General Linear Model) prosedure. Significant differences
were further subjected to Duncan’s multiple range test
(SPSS %)), The results were considered as significant when
Pvalues were lower than 0.05.

RESULTS

The effects of dietary rosemary oil on performance of
quails are given in Table 3. As shown in Table 3, the highest
final live weight was observed in 250 ppm rosemary oil
under the TN condition, the lowest was obtained in control
group of HS condition. Heat stress decreased live weight

of quails (P<0.05), supplementation of rosemary oil on
live weight was not significant and dose of rosemary oil
was not important among the groups of both TN and HS
conditions. Live weight gain and feed intake were not
significantly different among the treatment groups both
in TN and HS conditions (P>0.05). The worst feed conversion
ratio was calculated in control groups of both TN and
HS conditions. Feed conversion ratio was improved in
rosemary oil groups of 125 and 250 ppm in both conditions
(P<0.01). The highest hot and cold carcass yield (g/100 g
of body weight) was observed in 250 ppm rosemary oil
under the TN condition. The lowest was in control group of
HS. Under HS condition, deterioration of carcass yield was
found significant (P<0.01).

Heat stress affected blood glucose level (P<0.01). Birds
kept in HS conditions had greater glucose level than hens
kept in TN conditions (Table 4). Rosemary oil decreased
blood glucose level especially in 250 ppm rosemary oil
group (P<0.05). Total, HDL, LDL cholesterol and triglyceride
levels were not significantly different among the treatments
(P>0.05).

DISCUSSION

In the present study, rosemary oil supplementation
to diet had significant effects on the measured values
under thermo-neutral (TN) and heat stress (HS) conditions
in growing Japanese quails; it improved performance,
positively. The improved performance of rosemary oil
groups could be due to these positive effects of rosemary
oil on digestive system. In agreement with these results,
HERNANDEZ et al.?” reported that a supplementation of
essential oil extract (EOE) from oregano, cinnamon and
pepper improved apparent whole tract and ileac digestibility
of the nutrients in broilers. JANG et al.?" showed that a
supplementation of a blend of commercial essential oils

Table 3. Effects of rosemary (Rosmarinus officinalis L.) supplementation in diet on performance, hot and cold carcass yield in Japanese quail reared under

heat stress

Tablo 3. Sicaklik stresi altindaki Japon bildircinlarinda karma yeme ilave edilen biberiye (Rosmarinus officinalis L.) yaginin performans, sicak ve soguk
karkas tizerine etkileri

Rosemary Oil, ppm Main Effects of
Heat Stress and
Traits HS TN Feed Additive
0 125 250 0 125 250 HS FA
Initial Live Weight, g 58.15+0.85 | 58.10+0.30 | 58.10+0.50 | 58.50+1.00 | 58.20+0.20 | 58.10+0.40 NS NS
Final Live Weight, g 192.67+3.88 | 200.60+4.05 | 202.54+3.55 | 206.20+5.80 | 205.56+3.92 | 214.11+3.66 * NS
Live Weight Gain, g/bird/day 4.64+0.12 4.91+0.40 4.98+0.16 5.09+0.17 5.08+0.13 5.38+0.12 NS NS
Feed Intake, g/bird/day 17.04+£0.06 | 17.15+0.12 | 17.28+0.15 | 18.61+0.10 | 17.76+0.63 | 18.60+0.37 NS NS
Feed Conversion Ratio, g feed/g gain 3.68+0.01° | 3.50+0.04° | 3.47+0.01® | 3.66+0.03* | 3.50+0.05° | 3.46+0.01° NS **
Hot Carcass, g hot carcase wt/100 g live wt. | 64.73+0.75 | 65.97+1.03 | 66.55+1.92 | 69.92+1.29 | 69.31+£0.90 | 70.64+1.15 ** NS
Cold Carcass, g cold carcase wt/100 g live wt. | 62.70£0.86 | 64.32+1.09 | 64.24+£1.96 | 67.71+1.19 | 67.85%1.27 | 69.04+1.04 ** NS
NS: Non significant, * P<0.05, ** P<0.01, *®AE: Mean values with different superscripts within a column differ significantly, HS: Heat stres, TN: Thermo-
Neutral, FA: Feed Additive
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Table 4. Effects of rosemary (Rosmarinus officinalis L.) supplementation in diet on serum glucose and lipid levels in Japanese quails reared under heat stress

Tablo 4. Sicaklik stresi altindaki Japon bildircinlarinda karma yeme ilave edilen biberiye (Rosmarinus officinalis L.) yaginin serum glikoz ve lipit seviyelerinin

lizerine etkileri
Rosemary Oil, ppm Main Effects of
Heat Stress and
Traits, mg/dl HS TN Feed Additive
0 125 250 0 125 250 HS FA
Glucose 289.67+5.53* | 273.67+7.27% | 257.33+7.01° | 215.80+8.34% | 251.17+8.30" | 201.80+5.63° ** *
Total Cholesterol 209.00+32.75 | 175.00£21.99 | 165.33+£16.71 | 152.67+£29.01 | 154.60+25.95 | 149.83+18.56 NS NS
Triglyceride 919.50+176.44 | 913.00+£90.93 | 881.83+231.30 | 680.20+155.41 | 741.00+243.22 | 614.33+97.58 NS NS
HDL Cholesterol 69.33+9.97 69.67+3.52 70.80+7.04 75.00+4.80 82.80+9.64 80.00+5.29 NS NS
LDL Cholesterol 95.40+12.08 60.83+13.13 60.33+9.03 54.80+10.19 60.00+7.22 58.83+8.51 NS NS
NS: Non significant, * P<0.05, ** P<0.01, ***8: Mean values with different superscripts within a column differ significantly, HS: Heat stres, TN: Thermo-
Neutral, FA: Feed Additive

combined with lactic acid increased trypsin and pancreatic
amylase activity in broilers. Rosemary’s oils obtained from
natural plants showed high variations of their antimicrobial
and antioxidant activity "', Previous studies reported that
dietary antioxidants, such as vitamin C, E, flavonoids, and
phenolic can reduce oxidative damage in animals which
is generated by different stress sources 2%, Jamroz and
Kamel 24 who observed improvements of 7.7% in feed
conversation ratio fed a diet supplemented with a plant
extract containing capsaicin, cinnamaldehyde and carvacrol
in broilers. Improved feed conversion in groups with
supplemented rosemary oil may be due to the combined
effects of all these active ingredients in a positive manner.

At the inspection of the carcass characteristics (Table
3), there was significant effect of HS on this parameter.
In stressed conditions, elevated concentrations of gluco-
corticoids exert catabolic effects. This demolition decreases
the rate of muscle synthesis and thus results in muscle
wasting and retardation in growth 22, Supplementation
of rosemary oil to diet did not affect the carcass yields at
the present study. However, Simsek et al.®! reported that
adding anise oil in the ration had positive effects on the
carcass yield in broilers. Also, Alcicek et al.?”? showed
that supplementation essential oil (Herbomix™) in the
ration had positive effects on the carcass yield in broilers.
Possibility, the doses of rosemary oil could not have
enough action on catabolic effects of glucocorticoids
via anti-oxidant activity 128,

Effects of rosemary (Rosmarinus officinalis L.) oil
supplementation in diet on blood levels of lipids and
glucose were investigated in the present study (Table 4).
We observed that birds kept in HS conditions had greater
glucose level than hens kept in TN condition and dietary
rosemary oil had a positive effect on blood glucose level.
This finding indicates that the rosemary oil might be
producing its hypoglycemic activity by a mechanism
independent from insulin secretion by the inhibition
of endogenous glucose production or the inhibition of
intestinal glucose absorption 2°3% |n a previous study, it
has been suggested that 50% ethanol extract of Rosmarinus

officinalis, in part, due to intestinal a-glycosidase (AGc)
inhibitory activity of its active compound might play a role
in controlling dietary glucose uptake in the small intestinal
track B". In agreement with current results, BAKIREL et
al.B? investigated potential effect of ethanolic extract of
Rosmarinus officinalis leaves on glucose homeostasis in
rabbits. Results of that study showed that ethanolic extracts
of leaves of Rosmarinus officinalis reduced blood glucose level
in normoglycemic and glucose-hyperglycemic rabbits.

In conclusion, rosemary oil supplemented to diet
especially at a level of 250 ppm level supplemented diet
had positive effects on performance and blood glucose
level. The rosemary oil could therefore be considered as
a potential natural feed additive for growing quails, due
to increasing consumer’s demand for healthy animal
production after further studies carried out in different
stress conditions.
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Summary

This study was carried out to investigate the relationships between somatic cell count (SCC) and some udder traits in 129 head Holstein-
Friesian cows (1st and 5th month of lactation) raised at 3 dairy farm in Kamislar Village in Bozdogan county of Aydin province, Turkey. Farms
were visited monthly between July 2011 and June 2012, and about 1108 milk samples and different udder measures were taken in 50+20 days,
90+20 days, 130+20 days of lactation of each cow studied. Mean log;oSCC were calculated as 4.9+0.003 (87.923). The overall results showed
that dairy farms and month of year groups had a significant effect on log:SCC (P<0.01). Positive correlations among fore teats perimeter and
10910SCC (0.11) in farm A and among and log;oSCC distance between fore teats (0.12) and distance between rear teats (0.10) in farm B, were
found at the level of P<0.01, respectively. The correlation between rear teats perimeter and log:,SCC (-0.12) was found to be negative and
statistically significant in farm C (P<0.01). Consequently, udder traits relevant to minimization or elevation of SCC should be carefully evaluated
in selection studies.

Keywords: Holstein-Friesian, Cow, Somatic Cell Count, Udder Traits

Siyah Alaca ineklerdeki Somatik Hiicre Sayisi ile
Bazi Meme Ozellikleri Arasindaki iliskiler

Ozet

Bu arastirma, Aydin ili Bozdogan ilgesi Kamislar Koyi'ndeki 3 st sigircihdr isletmesinde yetistirilen 129 bas Siyah Alaca inegin (laktasyonun
1. ve 5. aylari arasinda) somatik hiicre sayisi ile bazi meme &zellikleri arasindaki iliskileri incelemek amaciyla yapilmistir. isletmelere Temmuz
2011 ve Haziran 2012 tarihler arasinda, ayda bir gidilerek laktasyonun 50+20 giin, 90+20 giin, 130+20. glinlerinde yaklasik 1108 adet siit 6rnegi
ile farkli meme 6lcileri alinmistir. Ortalama log;oSHS 4.9 + 0.003 (87.923) olarak hesaplanmis, log:oSHS Uizerine isletme ve ayin istatistiki olarak
onemli bir etkisi oldugu tespit edilmistir (P<0.01). A isletmesinde 6n meme basi capi ile log:cSHS arasindaki (0.11) ve B isletmesinde log:,SHS
ile 6n meme baglari arasi mesafe (0.12) ve arka meme baslari arasi mesafe (0.10) arasindaki korelasyonlar P<0.01 diizeyinde bulunmustur.
C isletmesinde logcSHS ile arka meme basi ¢evresi (-0.12) arasindaki korelasyon negatif ve istatistik bakimdan 6nemli ¢ikmistir (P<0.01).
Calismada, SHS'n1 azaltan ya da arttiran meme &zelliklerinin seleksiyon ¢alismalarinda dikkatlice degerlendirilmesi sonucuna varilmistir.

Anahtar sézciikler: Siyah-Alaca, inek, Somatik hiicre sayisi, Meme ozellikleri

INTRODUCTION

Milk yield improvement has been well known as the
main purpose of most dairy breeders, besides it has also
well been documented that single-trait selection for milk
production may prone cattle to decreased immunity
(resistance against disease) and reproduction efficiency '3,
Udder diseases, predominantly mastitis as one of the
most frequent and economical cow disease, may possess
increasing costs on milk producers B¢ and finally lead to
obligatory culling .,

Reported heritability for clinical mastitis is very low in
general and may vary from 0.02  to 0.05 . As for this,
correlated traits may be used for indirect selection for
improvement of mastitis resistance, majorly somatic cell
score (SCC - log-transformed somatic cell count), besides
within some selected conformation traits 2. In a previous
study genetic correlations of the same traits among
different lactations were found positive (moderate to high),
suggesting that SCC and clinical mastitis may be considered
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as the same traits for different lactations. In addition
genetic correlations of clinical mastitis and SCC varied from
0.37 to 0.687, with the average correlation close to 0.70 29,
for the first and third lactations, respectively, showing
that clinical mastitis and SCC present different features of
udder health ¥, The heritability of SCC is also low, varying
from 0.06 "% t0 0.13 I'],

Cell numbers involved in milk are closely related to
inflammation and udder health. SCC in raw and heat-
treated milk from a healthy mammary gland according
to EU Directive (Health and Hygiene Directive 92/46/EEC),
is lower than 400.000 cells/ml, SCC in milk and milk products
is lower than 500.000 cells/m| "2,

Somatic cell count, a useful predictor of intramammary
infection involving leucocytes ', is totally accepted as
for the standard measurement of milk quality worldwide.
Therefore SCC is readily available in almost dairy farmer at
least monthly ', Widely distributed data are now available
worldwide on large population of cows regarding factors
influencing SCC in milk. A variety of reviews or relevant
studies have addressed issues regarding SCC, their variety
and probable use for detecting the quality of milk 429,
An elevated SCC in milk has a negative influence on the
quality 212731 Subclinical mastitis has always been
recognized as a result of low milk production, changes
related to milk consistency (density), diminished probability
of adequate milk processing, lowered protein and higher
risk for milk hygiene 3. Similar confounding were reported
by BZindicating a positive relation among SCC and milk
yield for the first lactation, and a negative relation for
the processing lactations. Clinical mastitis is more likely
to be included in a breeding in contrast to SCC, whereas
moderate to strong genetic correlations between clinical
mastitis and SCC may suggest that selecting diminished
SCC may improve mastitis resistance *3.,

The relationships between different udder traits, milk
yield and SCC were investigated by one researcher. The
genetic correlations among udder height, rear udder height,

Table 1. General features of the dairy farms

cleft depth, udder levelness and SCC were found -0.41,
-0.44,0.20 and 0.21, respectively 4,

Some authors investigated the farm effects on SCC 5540,
Many others reported that the effects of stage of lactation,
month and parity on SCC were considered 5142931:37,3941-49],

The objective of this study was to investigate the
relationship between some udder traits and SCC in
Holstein-Friesian cows raised at selected dairy farms in
Bozdogan county, Aydin province.

MATERIAL and METHODS

The survey was conducted with 129 head Holstein-
Friesian cows were determined at 1%-5"" months of
lactation and managed at 3 dairy farms in Kamislar Village
in Bozdogan county of Aydin province, Turkey. The general
features of the dairy farms are shown in the Table 1. Farms
were visited monthly from July 2011 to June 2012 and were
collected about 1108 milk samples and different udder
and teat of each cows were measured into 3 lactation
stage (50+20 days, 90+20 days, 130+20 days of lactation).
In this study, cows were separated 4 parity groups. The
cows having the fourth and larger lactation numbers were
included in Parity 4.

Collection of Milk Samples

The milk samples from each cow were withdrawn
from each teat into tubes among both the morning and
evening milking samples. Morning milking was stored in
a cooler box and then was immediately transferred to the
laboratory for analyzing on the same day. Evening milk
samples were kept in a refrigerator and analyzed the next
day immediately. The milk samples were treated according
to the directions given previously ®° and Standard
Methods for the Examination of Dairy Products . SCC in
the samples was determined by direct microscopic SCC
method 2, Milk samples were spread on 2 microscope
slide areas, with 5%20 mm? in size. Slides were arranged

Tablo 1. Siit sigiri isletmelerinin 6zellikleri

General Features Farm A Farm B Farm C

N cows (N=129) 51 42 36
Open Open Open

Barn type Concrete-dirt surface Concrete-dirt surface Concrete-dirt surface
Free stall Free stall Free stall

Animal sill Using/Hay sill Using/Hay sill Using/Hay sill

Milking system

Milking parlor (1x10)

Milking parlor (1x9)

Milking parlor (2x5)

Milking machine cleaning

Rightly

Rightly

Rightly

Pre-milking/post-milking udder cleaning and disinfection

Water- Disinfection Using

Water- Disinfection Using

Disinfection Using

Feedin During milking During milking During milking
9 Roughage + Mixed feed Roughage + Mixed feed Roughage + Mixed feed
Touring Area In barn In barn In barn
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according to Direct Microscopic Somatic Cell Count
(DMSCC) and kept at 37°C in an incubator. Then, milk
samples on slides were painted in the manner of the
technique of a dye solution involving methylene blue.
The dye solution was prepared with combined of 0.6 g of
certified methylene blue chloride to 54 mL of 96% ethyl
alcohol, 40 mL of tolien and 6 mL glacial acetic acid. The
counting was fulfilled in 20 fields under a 100x immersion
objective in each slide and averages were calculated. The
multiplication of the microscope factor with this average
values was corresponded to SCC in per mL of milk 53,

Udder and Teat Measurement

The distance from fore and rear teats to the floor (DFTF
and DRTF, respectively) and vertical length of fore and rear
teats (FTL and RTL, respectively), the distance between fore,
rear and side teats (FTD, RTD and STD, respectively) and
the fore and rear teat perimeter (FTP and RTP, respectively)
were measured by using a ruler. The fore and rear teat
diameter (FTDM and RTDM, respectively) was measured
at the mid-point of each teat by the help of calipers. All
measures were performed after and before morning and
evening milking.

The SCC values were transformed to log,, for normality
and homogeneity of variances in the SCC data. The
statistical analyses were performed using least squares
method in the General Linear Model (GLM) procedure of
Minitab package program 4, The means were compared
by Duncan’s multiple range test ®°. The statistical model
used for the analysis is as follows:

Y

Where; y: i. farm, j. month, k. parity, |. lactation
period, m. cow’s logarithmic SCC, p : population mean,
s; - i. farm’s effect (i: 1, 2, 3), a : j. month’s effect (j: 1, 2,...,12),
p: k. parity’s effect (k: 1, 2, 3, 4), Ip, : |. lactation period’s
effect (1: 50+20 days, 2: 90+20 days, 3: 130+£20 days), e
residual random error.

jum=m+s+a+p +Hp+ ey,

ijkim*

In this study, the correlation coefficients were calculated
between udder measures and log,,SCC. To compute
correlations between log,,SCC and udder measures,
Pearson’s correlation analysis were used. Other statistical
analysis was performed using SPSS statistical packet
program ¢,

RESULTS

Basic Statistics

The mean values of 305-day milk yield were ranged
from 4142 to 4557 kg in farm A, from 3930 to 4847 kg in
farm B and from 4344 to 5100 kg in farm C. According
to analyses, differences between lactations were non-
significant in each farm (P>0.05).

The mean values of udder traits were changed

between 1.98 cm and 1.87 cm for FTDM, 1.82 cm and 1.86
cm for RTDM, 5.86 cm and 6.30 cm in for FTL, 5.24 cm
and 5.51 cm for RTL, 8.04 cm and 8.10 cm for FTP, 7.96
cm and 8.15 cm for RTP, 14.71 cm and 15.62 cm for FTD,
7.78 cm and 7.84 cm for RTD, 12.26 cm and 12.75 cm for
STD, 52.80 cm and 53.91 cm for DFTF, 53.45 cm and 53.95 cm
for DRTF in farm A.

The mean values of udder traits were changed between
2.13 cm and 1.93 cm for FTDM, 1.92 cm and 1.90 cm for
RTDM, 5.91 cm and 6.43 cm for FTL, 5.31 cm and 5.79 cm
for RTL, 8.12 cm and 7.83 cm for FTP, 8.04 cm and 8.28 cm
for RTP, 15.30 cm and 15.42 cm for FTD, 8.69 cm and 8.80
cm for RTD, 12.04 cm and 12.34 ¢cm for STD, 52.23 cm and
50.99 cm for DFTF, 51.74 cm and 51.65 cm for DRTF in farm B.

The mean values of udder traits were 1.88 cm and 1.81
cm for FTDM, 1.79 cm and 1.81 cm for RTDM, 5.63 cm and
6.13 cm for FTL, 5.07 cm and 5.67 cm for RTL, 8.06 cm and
7.24 cm for FTP, 7.80 cm and 7.10 cm for RTP, 13.98 cm and
13.45 cm for FTD, 7.66 cm and 7.40 cm for RTD, 11.72 cm
and 11.78 cm for STD, 52.86 cm and 54.23 cm for DFTF,
53.94 cm and 55.66 cm for DRTF in farm C.

The least square means and standard error of means of
log,,SCC are shown in Table 2.

The results were shown that log,,SCC was reached the
highest value in July and August and also was reached
the lowest values between April and June. The values of
log,,SCC were decreased from parity 1™ to 3 and were
increased to parity 4.

The differences between farms were found statistically
significant for log,,SCC (P<0.01) and the analysis revealed
that the effects of months were also statistically significant
for log,,SCC (P<0.01). The differences between parity and
lactation periods were found statistically non-significant
for log,,SCC (P>0.05).

Correlations Between SCC and Udder Traits

The correlations between log,,SCC and udder measures
are presented in Table 3. The correlation among log,,SCC
and udder traits generally tended to negatively and was
only found positive and statistically significant correlation
between log,,SCC and FTDM (0.11) in farm A (P<0.05). The
correlations among log,,SCC-FTD (0.12) and log,,SCC-RTD
(0.10) were found positively and statistically significant
(P<0.01). The correlations between log,,SCC and udder
measures were also found negatively and the highest
correlation values was determined to -0.12 (log,,SCC-RTP)
and statistically significant in farm C (P<0.01).

DISCUSSION

In the given circumstances (twice a day milking),
SCC<100.000 cell/mL in milks were obtained from udder
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Table 2. The least square means and standard error of means of log,,SCC
(cell/ml)

Table 3. The correlations between log,,SCC and udder traits in farms

Tablo 3. isletmelerde meme ézellikleriile log,,SHS arasindaki korelasyonlar

Tablo 2. log,,SHS'nin en kiiciik kareler ortalamalari ve standart hatalari
(hiicre/ml) . Farms
Traits
X+Sx A B C
Slaini = Re-transformation FTDM 0.11* 0.03 -0.08
log,,SCC scc
RTDM -0.04 -0.02 -0.01
£l - FTL -0.08 -0.05 -0.03
b.
A 448 4.90°+0.003 80.687 RTL 0.04 20.05 0.07
B 360 5.09°+0.007 123.956 = e T YT
b.
C 300 4.94°+0.004 87.923 o e R0 G
*%
Months FTD -0.01 0.12% -0.07
|
1 (January) 142 4.96+0.070 92.083 . 008 v 0.02
2 (Februar 140 4.94+0.060 88.919
( Y) STD -0.05 0.09 -0.01
3 (March) 136 4.94°+0.005 87.673
DFTF -0.04 -0.04 -0.01
4 (April) 106 4.92+0.002 83.999
DRTF -0.01 0.22 0.09
5 (May) 66 4.92+0.060 84.123 -
* (P<0.05), ** (P<0.01), FTDM: Fore teat diameter, RTDM: Rear teat
6 (June) 62 4.9240.004 84.661 diameter, FTL: Fore teat length, RTL: Rear teat length, FTP: Fore teat
7 (July) 46 5.16°+0.033 146.812 perimeter, RTP: Rear teat perimeter, FTD: Fore teat distance, RTD: Rear teat
distance, STD: Side teat distance, DFTF: Distance from fore teat to floor,
8 (August) 46 5.06°+0.030 115401 DRTF: Distance from rear teat to floor
9 (September) 60 4.99+0.019 99.052
10 (October) 82 5.00°+0.016 100.582 determined statistically significant (P<0.01). The SCC
T e 104 | 5.01%+0.014 103.137 values was found higher in summer months than winter
12 (December) = Ty e months and the re§ults of environmental temperature and
- hormonal mechanism of cows were reported from some
Parity N.S researchers 223640 |n this study, the effect of measuring
1 354 5.00+0.005 93.854 month on SCC was found statistically significant (P<0.01),
2 328 4.99+0.007 99.583 the highest value of SCC was determined on July-August and
3 172 4.94+0.006 88.876 the lowest value of SCC on April, May and June. This result
imi i i i [36,38,48]
p _— Py e was found S|m|Ia.r with findings of some researchers .
- - and was found different from some authors *. The primary
Lactation period N.S . .
cause of differences in results may be heat stress from
1(50 % 20) 518 5.00+0.005 100.257 calving cow in summer season.
2 (90 + 20) 386 4.95+0.004 90.783 o _
3130 20) - P Ryy— p— . Wher.1 anaIyzgd to variations of SCC in acco.rdanc.e
with parity, the highest value of SCC was determined in
Theoverallmean | 1108 | 4.94:0.003 87.923 first parity and was found similar to values in other parity.
N.S: Non-significant, * (P<0.05), ** (P<0.01), a,b,c: Means with different The effect of parity on SCC was found statistically non-
superscripts in each line are different

lobes that healthy and uninfected was reported 7. In this
study, SCC was determined as 4.94+0.003 (87.923) cell/
mL. The vales of mean SCC (4.94+0.003 (87.923) in milk
was lower than threshold value (500.000 cell/mL) that
was acknowledged according to EU Directive. The mean
values of SCC were found lower from findings of some
researchers 2936374546 and were found higher from findings
of some researchers *). These circumstances is an indicator
of conform to criteria of milk quality in farms in this study.

In the present study, the effect of farm on SCC was
determined statistically significant (P<0.01). This result was
found similar to findings of some other authors 13335363839
and was showing differences with findings of some
authors 3744461 Also, the effects of month on SCC was

significant (P>0.05). This result was similar with findings of
some researchers ¥ and was found different from findings
of some other authors 15364245471,

In the present study, the effect of lactation stage on
SCC was found statistically non-significant (P>0.05), while
the effect of lactation stage on SCC was found statistically
significant by some researchers 513293041471

In the present study, the positive correlation between
SCC and FTP was found statistically significant in Farm A
(P<0.01). The correlations SCC-FTD and SCC-RTD were
found positive and statistically significant in Farm B (P<0.01)
(respectively 0.12 and 0.10). The correlation between
SCC and RTP was found negative and significant (P<0.01).
These results were found similar with findings of some
researchers 47, Finally, correlations between SCC and
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other udder traits were found statistically non-significant
(P>0.05), especially relationships between SCC and FTL
were found similar with findings of some researchers 8,

The results from this study indicate that some
important findings about the correlations between SCC
and some udder traits were obtained in farms. The values
of mean SCC (4.94+0.003 (87.923) cell/mL) in milk was
lower than threshold value (500.000 cell/mL) that was
acknowledged according to EU Directive. The dairy cows
are approved to physiologically for SCC in farms. In the
sense of udder healthy optimum management programs
should be carried to seasonal. Hereby, udder traits relevant
to minimization or elevation of SCC should be carefully
evaluated in selection studies.
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Summary

The aim of this study was to investigate serum total antioxidant status (TAS), total oxidant status (TOS) and ischemia-modified
albumin (IMA) levels in long term acrylamide (ACR) given rats, compared to control rats. In total, 25 male and 25 female Wistar rats
were involved in this experiment. Animals in each sex were segregated into three groups. Two of them were treatment groups and
one of them was control group. Each treatment group consisted of ten animals and each control group consisted of five animals. ACR
was administered to the treatment groups at 2 and 5 mg/kg/day via drinking water for 90 days. In the end of the experiment, serum
samples were analyzed for IMA, TAS, TOS and albumin levels with the spectrophotometric method. Serum IMA and adjusted IMA levels
were significantly higher at concentrations of 2 mg/kg and 5 mg/kg in the male rats when compared with those of the control male
rats. Serum TAS levels significantly decreased at concentrations of 5 mg/kg in the male rats when compared with those of the control
rats. We also observed a significant increase in the levels of serum TOS at concentrations of 5 mg/kg in the male rats. There were no
significant differences between serum IMA, TAS, TOS and albumin levels at concentrations of 2 mg/kg and 5 mg/kg in the female rats.
Our findings show that long term treatment with 2 mg/kg and 5 mg/kg doses of ACR led to a significant depletion of serum TAS levels
and overproduction of serum TOS and IMA levels, consequently, to an increase in oxidative stress.

Keywords: Acrylamide, Total antioxidant status, Total oxidant status, Ischemia-modified albumin, Oxidative stress

Ratlarda Akrilamid Kullaniminin Antioksidan ve
Oksidan Degerleri Uzerine Etkisi

Ozet

Bu calismada, uzun siire akrilamid verilen sicanlar tizerinde total antioksidan durum (TAS), total oksidan durum (TOS) ve iskemi
modifiye albumin’in (IMA) serum diizeylerinin nasil degistiginin arastirlmasi amaclanmistir. Calismada 65-75 g agirhginda ve yaslar
3-4 haftalik 25 erkek ve 25 disi Wistar cinsi sicanlar kullaniimistir. Hayvanlar 90 giin boyunca standart sican yemi ile beslenmislerdir.
Bununla beraber, giinlik tiiketecekleri icme suyuna 2 mg/kg/giin ve 5 mg/kg/giin dozunda akrilamid ilave edilmistir. Akrilamid
uygulamasi sonrasi hayvanlar anestezi altinda servikal dislokasyonla 6ldriilmis ve serumlarinda IMA, TAS, TOS ve albumin dizeyleri
spektrofotometrik yontemiile 6l¢tlmustir. 2 mg/kg ve 5mg/kg akrilamid verilen erkek sicanlara ait serum IMA diizeyleri kontrol grubuna
gore 6nemli derecede yliksek bulunmustur. Ayrica, 5mg/kg akrilamid verilen erkek sicanlara ait serum TAS diizeyleri kontrol grubuna
gore 6nemli derecede diisiik ve serum TOS degerleri 5nemli derecede yiliksek bulunmustur. 2 mg/kg ve 5mg/kg akrilamid verilen disi
sicanlara ve kontrol grubuna ait serum IMA, TAS, TOS ve albumin diizeyleri arasinda istatistiki acidan dnemli bir fark bulunamamistir.
Bu sonuclara bagl olarak bulgularimiz, akrilamidin oksidatif stresi artirdigini géstermektedir.

Anabhtar sézciikler: Akrilamid, Total antioksidan durum, Total oksidan durum, Iskemi modifiye albumin, Oksidatif stres

INTRODUCTION

Acrylamide (C;H,NO) (ACR) is a small hydrophilic  chemical ™. Polymers of ACR (polyacrylamide) are extensively
molecule that polymerizes readily in the presence of an  used in modern chemical technology for a variety of
initiator because of the double bond between the first  purposes™. In the last years, relevant amounts of ACR have
and second C-atoms, which makes it a versatile industrial  been identified in heat-treated carbohydrate-rich foods
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such as fried potatoes, cookies, bread, cold breakfast cereal,
biscuits and crackers 54, It was shown that ACR might be
formed through the Maillard reaction from amino acids (e.g.
asparagine) and reducing sugars (e.g. glucose) B Maillard
reaction is proposed the major pathway for the formation
of ACR in food %, Several different reaction routes have
been proposed for the further reaction to ACR such as
decarboxylation of the Schiff base ¢#), decarboxylated
Amadori product 7!, formation of a 3-Aminopropion-
amide ®9, Strecker degradation of asparagine .,

The biological consequences of ACR exposure have
chiefly centered on neurotoxicity ever since this effect
was observed in humans occupationally exposed to this
compound. Subsequently, experimental exposure of
rodents to ACR has also revealed a carcinogenic mode
of action for this chemical "%, It has been reported that
most investigations of ACR toxicity have mainly focused
on their genotoxic and carcinogenic properties; however,
accumulating evidences seem to indicate that ACR also
possesses cytotoxic properties by affecting the redox
status of the cells'",

Oxidative stress results from an imbalance between the
production of free radical and antioxidant activity, leads to
damage of biological macromolecules and disruption of
normal metabolism and physiology '?. Oxidative stres in
the cells or tissues refers to enhanced generation of reactive
oxygen species (ROS) and/or depletion of antioxidant
defense system. ROS can attack the polyunsaturated fatty
acid in the biological membranes and induce free radical
chain reactions, leading to the enhancement of lipid
peroxidation 3, The methods used for the determination
of oxidative stress are generally of board range. An often
used and easily detectable parameter for the serum anti-
oxidative and oxidant properties are the total antioxidant
status (TAS) and total oxidant status (TOS) '™l It has
been showed that the high concentrations of ACR exert
deteriorating effects on antioxidant enzyme activities,
lipid peroxidation process and haemolysis in human
erythrocytes in vitro'®,

Ischemia-modified albumin (IMA) is a novel marker
of tissue ischemia "7 IMA is serum albumin in which
the N-terminus has been chemically modified "8, The
diagnostic albumin Co?" binding test is based for IMA on
the observation that the affinity of serum albumin for Co?*
is reduced after N-terminus modifications "8, Proposed
mechanisms for the conversion of serum albumin to
IMA include hypoxia, acidosis, superoxide-radical injury,
energy-dependent membrane distruption and exposure
to free iron and copper "% Nowadays, IMA is accepted as
a marker of oxidative stress. It has been proposed that
ROS such as superoxide (O,7) and hydroxyl (OH) radicals
generated during ischaemia modify the N-terminus of
serum albumin resulting in IMA formation '8,

Studies describing the role of oxidative stress in ACR

toxicity are limited, although the main pathways for
metabolism of ACR occur either through conjugation
with reduced glutathione (GSH) or via epoxidation to
glycidamide "¢, Also, to our knowledge, the effects of
intermediate doses of ACR on serum IMA, TAS and TOS
levels in rats have not been investigated yet. Therefore,
the present experiment was carried out to investigate the
effects of 2 and 5 mg/kg/day doses of ACR on serum IMA,
TAS and TOS levels in rats.

MATERIAL and METHODS

Chemicals

ACR (Cas 79-06-1) was received from Sigma Aldrich
Chemical Company. The material was a white odourless
crystalline solid, with a chemical purity of>99% (for
electrophoresis). The test material was prepared weakly
and stored at room temperature. All other chemicals used
were of analytical grade.

Animals and Husbandry

Male and female weaned Wistar rats, weighing 65-75
g and aged 3-4 weeks old, were obtained from Selcuk
University Experimental Medicine Research and Application
Centre (Konya, Turkey). The rats were housed in wire-topped
opaque polycarbonate cages and maintained under
constant environmental conditions with a 12 h light/dark
schedule. The environmental temperature was 20°C and
humidity was 50%. Commercial food pellets and drinking
water were provided ad libitum. The protocols of the
animal experiments were approved by the internal ethical
commitee of the Selcuk University (number: 2010-98).

Dosing

We choosed the doses of ACR applied as 2 and 5 mg/
kg/day in our study since not to occure a characteristic
sign of ACR-induced neurotoxicity such as hindlimb foot
splaying 2021,

Experimental Design

In total, 25 male and 25 female Wistar rats were involved
in this experiment. Animals in each sex were segregated
into three groups. Two of them were treatment groups
and one of them was control group. Each treatment
group consisted of ten animals and each control group
consisted of five animals. ACR was administered to the
treatment groups at 2 and 5 mg/kg/day via drinking water
for 90 days. Tap water was administered to five animals
of control group in the same manner as in the treatment
groups. After 24 h from the last application all animals
were anaesthesized with ketamine in combination with a
sedative. Blood samples were collected from the cardiac
puncture of all rats under anaesthesia. After collecting
blood samples rats were sacrificed by cervical dislocation.
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Blood samples were obtained after suitable centrifugation
and samples were stored frozen at -80°C until the day of
analysis.

Measurement of Total Antioxidant Status

TAS of serum were determined using an automated
measurement method which was based on the bleaching
of the characteristic color of a more stable 2,2"-azino-bis
(3-ethylbenz-thiazoline-6-sulfonic acid) (ABTS) radical cation
by antioxidants "%, The results were expressed in mmol
Trolox equivalents/L.

Measurement of Total Oxidant Status

TOS of serum were determined using a novel automated
measurement method.” Oxidants present in the sample
oxidize the ferrous ion-o-dianisidine complex to ferric ion.
The oxidation reaction is enhanced by glycerol molecules,
which are abundantly present in the reaction medium. The
ferric ion makes a colored complex with xylenol orange
in an acidic medium. The color intensity, which can be
measured spectrophotometrically, is related to the total
amount of oxidant molecules present in the sample. The
assay is calibrated with hydrogen peroxide and the results
are expressed in terms of micromolar H,O, equivalent per
liter (umol H,0, equiv./L).

Measurement of Ischemia-Modified Albumin Levels

IMA level was measured by a colorimetric assay
developed by Bar-Or et al.l'”? based on measurement of
unbound cobalt after incubation with patient serum.
Increased amounts of IMA results in less cobalt binding
and more residual unbound cobalt available for complex
with a chromogen [dithiothreitol (DDT)], which can be
measured photometrically. The procedure was as follows:

50 uL of 0.1% cobalt chloride was added to 200 pL
of serum, gently mixed, and waited 10 min for adequate
cobalt-albumin binding. Fifty microliters of DTT, at a

concentration of 1.5 mg/ml, was added as a colorizing
agent and the reaction was stopped 2 min later by adding
1.0 mL of 0.9% NaCl. The colored product was measured
at 470 nm and compared to a serum-cobalt blank without
DTT and reported in absorbance units (ABSU).

Adjusted IMA was calculated as (individual serum albumin
concentration/median serum albumin concentration of
the population)xIMA ABSU value. This formula was
applied to correct IMA values for serum albumin (Median
serum albumin concentration of each group of the
subjects were used separately) %2,

Measurement of Albumin Levels

Serum albumin levels were measured by commertially
available kits based on routine methods on the Synchron
LX System (Beckman Coulter, Fullerton CA).

Statistical Analysis

All data are expressed as meanzstandart deviations
(SD). Statistical analyses were done using SPSS v. 16.0
(SPSS Inc.,IL, USA). Groups of data were compared with an
analysis of variance (ANOVA) followed by Tukey’s multiple
comparison tests. Differences were considered significant
at a probability level of P<0.05.

RESULTS

Serum IMA, adjusted IMA, TAS, TOS and albumin levels
of the groups are presented in Table 1. As seen from the
table, serum IMA and adjusted IMA levels were significantly
higher at concentrations of 5 mg/kg (P<0.001 for IMA and
P<0.01 for adjusted IMA) and 2 mg/kg (P<0.01) in the male
rats when compared with those of the control male rats.
However, there were no significant differences between
the same parameters at concentrations of 5 mg/kg and 2
mg/kg in the female rats and the control female rats (Fig. 1).
Serum TAS levels significantly decreased at concentrations

Table 1. Serum IMA, adjusted IMA, TAS, TOS and albumin levels of the groups (All values are meantstandart deviations)

Tablo 1. Gruplarin serum IMA, ayarlanmis IMA, TAS, TOS ve albumin diizeyleri (Blitiin degerler ortalamazstandart sapma)

Parameter Group Control ACR 2 mg/kg ACR 5 mg/kg
Male 0.53+0.09 0.71£0.07° 0.72+0.07°
IMA (ABSU)
Female 0.64+0.09 0.69+0.06 0.73+0.03
Male 0.54+0.09 0.71£0.07° 0.73+£0.07°
Adjusted IMA (ABSU)
Female 0.63+0.1 0.70+0.08 0.73 £ 0.02
Male 3.65+1.2 334+1.2 1.77£1.1¢
TAS (mmol Trolox equivalents/L)
Female 3.69+1.5 3.67+1.1 331+1.0
Male 8.88+2.3 12.67+2.0 14.72+5.0¢
TOS (umol H,0, Eq/L)
Female 9.95+1.9 11.18+2.5 14.28+4.1
Male 2.72+0.1 2.66+0.2 2.63£0.1
Albumin (g/dL)
Female 3.17+0.1 3.06+£0.4 2.88+0.3
IMA- ischemia-modified albumin; TAS- total antioxidant status; TOS- total oxidant status; “P<0.001, ®P<0.01, <P<0.05 compared with control group
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of 5 mg/kg (P<0.01) in the male rats when compared
with those of the control rats. But, this difference was not
found at concentrations of 5 mg/kg in the female rats.
On the other hands, there were no significant differences
between serum TAS levels at concentrations of 2 mg/kg in
the male and female rats and the control rats (Fig. 2). We
also observed a significant increase in the levels of serum
TOS at concentrations of 5 mg/kg (P<0.05) in the male rats.
No differences were found in serum TOS levels between at
concentrations of 5 mg/kg in the female rats and control
rats. Also, no differences were found in serum TOS levels
between at concentrations of 2 mg/kg in the male and
female rats and control rats (Fig. 3). There were no significant
differences between serum albumin levels of the groups.

In addition, no sign of sickness and decreased activity of
the rats or mortality was observed during the study.

DISCUSSION

ROS are produced in metabolic and physiological
processes, and harmful oxidative reactions may occur in
organisms, which remove them via enzymatic and non-
enzymatic antioxidative mechanisms. Under some
conditions, the increase in oxidants and decrease in anti-
oxidants cannot be prevented, and the oxidative/anti-
oxidative balance shifts toward the oxidative status 3.
Several reports have reported that ACR promotes the
generation of ROS and the depletion of anti-oxidants 1324,
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The present study shows that ACR given via drinking water
to male rats induced to increase in TOS and IMA levels and
decrease in TAS levels.

Conjugation with GSH catalyzed by glutathione-S-
transferase is the main pathway of ACR metabolism and
detoxification ?°.. GSH is one of the essential compounds
for the maintenance of the cell integrity because of
its reducing properties and participation in the cell
metabolism 2. ACR is capable of interacting with vital
cellular nucelophiles possessing -SH, -NH, or —-OH.
Therefore, it reacts with glutathione in a similar manner and
forms glutathione S-conjugates, which is the initial step in
the biotransformation of electrophiles in to mercapturic
acids 7, Decreasing GSH content in the tissues with the
increase of ACR concentration could be due to increased
formation of S-conjugates between ACR and GSH 28, ACR
can be reactive unlike the above mentioned way. Firstly, ACR
can undergo radical-mediated polymerization. Secondly,
it can be metabolized to an epoxide derivate, glycidamide,
presumably by cytochrome P4502E1, being readily
reactive toward DNA and other macromolecules !¢

In the literature, our finding supported in studies which
made with different oxidative stress marker after ACR
-treatment. For example, Allam et al.”! have reported that
ACR administered either prenatally or perinatally has been
shown to induce significant increase of thiobarbituric acid
reactive substances (TBARS) and oxidative stres (significant
reductions in total thiols, superoxide dismutase (SOD) and
peroxidase activities) in the developing cerebellum of rats .,
Alturfan et al.B®® have found that 8-OHdG levels as an
indicator of oxidative DNA damage, significantly increased
in ACR group. In addition, they demonstrated that in ACR-
treated rats, GSH levels decreased significantly while the
malondialdehyde (MDA) levels, myeloperoxidase activity
and collagen content increased in the tissues suggesting
oxidative organ damage. Yousef et al.?® have found
that the concentration of TBARS, and the activities of
glutathione S-transferase and SOD in plasma, liver, testis,
brain, and kidney were increased in ACR -treated male
rats 28, Catalgol et al."® have demonstrated that in vitro
treatment of ACR results in haemolysis and induction of
lipid peroxidation and changes the activities of antioxidant
enzymes at high doses in human erythrocytes.

The results of the present study indicate that serum IMA
levels increase in ACR-treated rats, compared to control
rats. Aloumin is the most abundant serum protein, and
is a powerful extracellular antioxidant. The biochemical
mechanism modifying the N-terminal region of albumin
during ischemia is unclear, but reperfusion after an
ischemic event may damage serum albumin as much as,
if not more than, ischemia itself 3. These modifications
to albumin may involve hypoxia, acidosis, or free radical
damage, most of which occur within minutes .. According
to our hypothesis, IMA is increased in conditions that
produce free radicals, such as ACR -treatment. Naruszewicz

et al.B? have reported that the first time that chronic
ingestion of dietary ACR might induce oxidative stress
in humans through leukocyte activation and increased
production of ROS B2, In addition, they have reported
that a significant increase in the oxidized low-density
lipoprotein, interleukin-6, and high sensitivity C-reactive
protein concentrations occurred, with all these factors
recognized as capable of enhancing atherosclerosis
progression B2, According to their hypothesis, long-term
ingestion of high ACR doses with food may cause chronic
inflammation and contribute to the development of early
atherosclerosis as well as increase the risk of coronary
artery disease. IMA was considered to be related as a
potential cardiovascular risk factor 8. Previous studies
have found that IMA levels increased in acute coronary
syndromes, during percutaneous coronary intervention,
and myocardial ischemia 73334, Qur finding supports
Naruszewicz et al's B2 hypothesis. Because, long term inter-
mediate doses ACR -treatment, which increased serum
IMA and TOS levels, may be risk for cardiovascular diseases.

On the other hand, a significant increase serum IMA and
TOS levels and decrease TAS levels did not observed in female
rats. We think that estrogen may be cause this situation.
The hormone estrogen, (estradiol) provides natural anti-
oxidant properties because it increases the expression of
antioxidant enzymes and decreases troublesome NADPH
oxidase enzyme activity and superoxide production.
Estrogens have a phenolic hydroxyl group at position 3
and a methyl group at position 13. The presence of this
phenol group gives estrogen its antioxidant property by
neutralizing oxygen free radicals. The estrogens estriol and
estradiol confer significant antioxidant activity 5.

In our study, ACR administered rats grew normally and
gained body weight over a 12-week period, and there
were no significant differences in the average body weight
compared with control rats. This finding is in accordance
with that of Park et al.’®. However, previous studies
indicated that rats exposed to ACR showed a decrease in
body weight 738, According to our hypothesis, there were
no changes in body weight in intermediate doses.

As a result, our findings show that long-term
treatment with intermediate-ACR doses led to a significant
depletion of serum TAS levels and overproduction of
serum TOS and IMA levels especially in male rats, and
cause oxidative stress.
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Summary

Despite the development in the knowledge concerning pathophysiology of abdominal cavity and improvement in surgical
techniques, intraabdominal adhesions are one of the most common complications in surgery.The aim of this study was to determine the
effects of hyaluronic acid/carboxymethylcellulose (HA/CMC) and flunixin meglumine combination on the prevention of postoperative
intraabdominal adhesions in rabbits. All the surgery were made under aseptic condition under general anesthesia. A 2x2 cm area
of parietal peritoneum was resected on the abdominal wall after median laparotomy. Twenty-four adult, male rabbits were divided
into four groups equally. Groups were evaluated as C (control), S (HA/CMCQ), F (flunixin meglumine), and SF (HA/CMC and flunixin
meglumine combination). No medication was given to the rabbits in group C. In S and SF groups, 3x3 cm of HA/CMC applied directly
to peritoneal defect. In F and SF groups, flunixin meglumine was administred 1.1 mg/kg for 5 days intraperitoneally. Relaparotomy was
performed 10 days after surgery. As a result of macroscopical and histopathological evaluations, the scores of adhesion in the S, F, and
SF groups were significantly lower than those of the control group (P<0.05). Adhesion scores in SF group were lower as compared to S
and F groups (P<0.05). It is observed that HA/CMC and flunixin meglumine combination can be used more effective on the prevention
of postoperative intraabdominal adhesions in rabbits.

Keywords: Intraabdominal adhesion, Hyaluronic acid/carboxymethylcellulose, Flunixin meglumine, Rabbit

Postoperatif intraabdominal Adezyonlarin Onlenmesinde
Hyaluronik Asit/Karboksimetilseliiloz ve Fluniksin Meglumin
Kombinasyonu'nun Etkisi: Tavsanlarda Deneysel Bir Calisma

Ozet

Abdominal boslugun patofizyolojisi konusunda bilgilerin artmasina ve cerrahi tekniklerin gelismesine ragmen
intraabdominal adezyonlar, cerrahideki en énemli sorunlardan biridir. Bu calismada, tavsanlarda postoperatif intraabdominal
adezyonlarin 6nlenmesinde hyaliironik asit/karboksimetilseliiloz (HA/KMS) ve fluniksin meglumine kombinasyonunun etkisinin
dederlendirilmesi amaclandi. Tim operasyonlar genel anestezi esliginde aseptik kosullar altinda yapildi. Median laparotomiden
sonra abdominal duvar lizerinden 2x2 cm’lik bir parietal periton alani rezeke edildi. Calismada 24 adet yetiskin erkek tavsan
4 gruba esit olarak ayrildi. Gruplar; C (kontrol), S (HA/KMS), F (fluniksin meglumine), ve SF (HA/KMS ve fluniksin meglumine
kombinasyonu) olarak degerlendirildi. Kontrol grubundaki olgulara herhangi bir tedavi uygulanmadi. S ve SF gruplarindaki
olgularin defektli alanlari 3x3 cm’lik HA/KMS ile ortildi. F ve SF gruplarina, fluniksin meglumine 1.1 mg/kg dozunda
intraperitoneal olarak 5 glin sire ile verildi. Postoperatif 10. giinde tekrar laparotomi yapildi. Makroskobik ve histopatolojik
degerlendirmeler sonucunda; S, F, and SF gruplarindaki adezyon skorlari kontrol grubundakine oranla dnemli derecede disiik
bulundu (P<0.05). SF grubundaki adezyon skorlari, S ve F gruplari ile karsilastirildiginda daha disik oldugu saptandi (P<0.05).
Tavsanlarda postoperatif intraabdominal adezyonlarin énlenmesinde HA/KMS ve fluniksin meglumine kombinasyonun daha
etkili oldugu go6zlendi.

Anahtar sézciikler: intraabdominal adezyon, Hyallironik asit/karboksimetilseliiloz, Fluniksin meglumine, Tavsan
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INTRODUCTION

Adhesions are fibrous bands that cause separate
organs to adhere to one another and can be classified into
congenital, inflammatory, and postoperative. Postoperative
adhesions are considered to be an inevitable result of
surgery. The incidence of postoperative adhesion ranges
from 66 to 93% after operations 3, Surgical trauma, tissue
ischemia, hemorrhage, infection, and foreign materials play
an important role in etiology of postoperative adhesions.
Postoperative intraabdominal adhesions cause chronic
abdominal/pelvic pain, female infertility, and small bowel
obstruction. Also, fibrous adhesions make prolong operation
time, operation difficulty, increased bleeding, intestinal
rupture, and morbidity in repeated operations '

When there is an injury in mesothelial surface of
the peritoneum, it triggers an inflammatory reaction
characterized by increased neutrophil leucocytes, fibro-
blasts, macrophages, and mesothelial cells. There is increase
in vascular permeability and release of fibrin-rich exudate.
Peritoneal mesothelial cells have a critical duty in maintaining
the intraperitoneal balance between fibrinolysis and
formation. Plasminogen is an important protein in the
process of fibrinolysis. Early fibrinolysis, within 5 days,
encourages healing of the peritoneum without adhesion
formation. Inadequate fibrinolysis processes lead
to persistent fibrin structures that subsequently mature
into fibrous tissue, followed by organization into rigid,
persistent fibrous adhesions containing blood vessels and
nerve fibers 1,

Many different techniques, agents, and materials
have been tried to reduce adhesions 369, Several
pharmacological drugs including corticosteriod, non-steroid
antiinflammatory drugs (NSAIDs), melatonin, progesterone,
aprotinin, methylen blue, heparin, mitomycin C, vitamin
E, and tPA have been used to prevent adhesions 281011,
NSAIDs inhibit prostaglandin and thromboxane synthesis
by changing cycloxygenase activities. Flunixin meglumine
(non-selective COX inhibitors) are commonly used to treat
animals suffering from various diseases and has been
proved to prevent the formation of peritoneal adhesions
in studies 27212, Mechanical barriers such as carboxy-
methylcellulose, hyaluronic acid, icodextrin, polyethylene
glycol, fibrin glue, oxidized regenerated cellulose, expanded
polytetrafluoro ethylene, and hyaluronic acid/carboxy-
methylcellulose (HA/CMC) have been applied to prevent
adhesion by mechanically minimizing the development
of fibrin between serosal surfaces 2613, HA/CMC is a
biosynthetic material that have been widely used in human
and animals. In developed countries, HA/CMC is accepted
as an important antiadhesive barrier. Unfortunately, none
of these treatments is ideal ['3589.1416],

Although several substances have been tried to
eliminate adhesions, these have had a limited success in the

intraabdominal adhesions. A current interest to overcome
adhesions have been focused on various combination of
drugs 24821723 Therefore, it was to investigate the effect
of HA/CMC, flunixin meglumine and their combination
on the prevention of postoperative intraabdominal
adhesions in rabbits.

MATERIAL and METHODS

Animals

Twenty-four rabbits weighing approximately 2.8-3.6 kg
were used in this study. The rabbits were hospitalized for
2 weeks with a deprivation of food for 12 h immediately
before surgery. The animals were kept under standart
conditions and had free access to water and pellets. The
study protocol was approved by Animal Ethic Committee
of the Veterinary Faculty, Firat University (2006/7).

Anesthesia

The animals were anesthetized with 10 mg/kg of
xylazine HCl (Rompun®, Bayer, istanbul, Turkey) and 40 mg/
kg of ketamine HCl (Ketalar®, Eczacibasi, istanbul, Turkey)
intramuscularly.

Surgical Procedure

All the surgery were performed under aseptic
conditions, including an iodine scrub, drapping and use
of a steril technique. Powder-free gloves were used for the
operation. Following complete aseptic preparations, a 5-6
cm of incision was performed for midline laparotomy. A
2x2 cm area of parietal peritoneum was removed on the
right abdominal wall. The animals were divided into four
groups, each containing 6 rabbits: group C (control), group
S (HA/CMCQ), group F (flunixin meglumine), and group
SF (HA/CMC and flunixin meglumine combination). No
medication was applied to the control group. HA/CMC
(Seprafilm®, Genzyme, USA) 3 cm x 3 cm were placed on the
deperitonized area of abdominal wall in S and SF groups.
Flunixin meglumine (Finadyn®, Eczacibasi, istanbul) was
given 1.1 ml/kg for 5 days in F and SF groups intra-
peritoneally. The abdomen was closed with continuous
sutures with 2/0, and skin was closed with interrupted
2/0 polypropilene sutures (Monofilament polyglytone,
Caprosyn™, USA).

All animals were sacrified on the 10™ days after
operation. After performing a U-type incision to the anterior
abdominal wall, the evaluation was macroscopically
classified according to adhesion scoring system described
by the Majuzi and colleagues 2%, The degree of adhesion
formation was evaluated with the following adhesion
scores: 0=no adhesion, T1=light adhesions can be
easily removed through blunt dissection, 2=moderate
adhesions which need sharp dissections (lower than
50%) for the separation, 3=severe adhesions which need
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sharp dissections (more than 50%) for the separation,
4=presence of serosal injury, 5=presence of full-thickness
injury.

Histopathological Evaluations

Peritoneal tissue samples containing adhesion were
excised and the samples were fixed in 10% formaldehyde
solution. After dehydration, the specimens were embedded
in paraffin blocks. Then, 5 um sections in thickness were
prepared using a microtome and stained with Hematoxylin
and Eosin (H&E). Histopathological evaluations were
performed under a light microscope by one pathologist
who was blind to groups according to semiquantitative
scoring system described by Hooker and colleagues 2,
The histopathological adhesions were categorized as
Grades 0-lll based on the presence and extent of fibrosis
and inflammation. Grade 0 was defined as no fibrosis,
grade | as mild fibrosis, grade Il as moderate fibrosis, and
grade Il as severe fibrosis. The grade of inflammation was
assessed according to grade | on this scale represents a
mild inflammatory reaction with giant cells, occasionally
scaretted lymphocytes, and plasma cells, grade Il represents
moderate reaction with giant cells and increased admixed

Table 1. The statistical results of adhesion, fibrosis, and inflammation scores

Tablo 1. Adezyon, fibrozis ve yangi skorlarinin istatistiksel sonuglari

lymphocytes, neutrophiles, eosinophiles and plasma cells,
and grade Il represents a severe inflammatory reaction
with microabscesses present.

Statistical Analysis

The group data were analyzed using the Kruskal-
Wallis nonparametric test. Differences among the groups
were evaluated using Mann-Whitney U test. Differences
with a value of P<0.05 were considered to be statistically
significant. Data were analyzed by SPSS software program
(Version 14.0; SPSS Inc, Chicago IL).

RESULTS

Most of the animals tolerated the surgery well. No
death was observed throughout the study period. There
was no evidence of any of complication in the animals. The
results of macroscopic and histopathologic evaluation are
summarized in Table 1.

There were no adhesions in Grade 0, 1 or 2 in the
control group. The adhesions in the control group were
mostly Grade 3 or 4. In one case in control group, adhesion

Groups
Parameters P value
C S F SF
Macroscopic 3.56+0.89° 1.83+0.75° 2.00+0.89° 1.05+0.89¢ 0.002
Fibrosis 2.50+0.55° 1.50+0.55° 1.33+£0.52° 1.18+0.00° 0.003
Inflammation 2.50+0.55° 11.52260), 55/ 1.23+£0.52° 0.93+£0.41¢ 0.002
Superscripts a-c indicate that means in the same line without a common superscript differ significantly (P<0.05)

Fig 1. Macroscopical evaluations: A)
Presence of full-thickness injury and
large area of fibrosis (arrows) with score
5in Cgroup, B) Slight adhesion (arrows)
with score 1 in S group, C) Severe
adhesion which need sharp dissections
(more than 50%) for the separation
with score 3 in F group, D) No adhesion
occurence with score 0 in SF group

Sekil 1. Makroskobik degerlendirmeler.
A) C grubundaki 5. derece adezyonlu
genis fibrozis (oklar) ve tam kat adezyon
varhigi, B) S grubundaki 1. dereceli
hafif adezyon (oklar) gérinim, C) F
grubundaki 3. derecedeki ayrilma igin
keskin diseksiyona (%50 den daha fazla)
ihtiyac gosteren ciddi adezyonun gorii-
nimi, D) SF grubundaki adezyonun
yoklugu (0 derece)
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in Grade 5 was recorded (Fig. 1-A). On the other hand, there
were no adhesions in Grade 4 or 5 in the S, F, and SF groups.
Most adhesion scores in the S and F groups were grade 1,
2, and 3 (Fig. 1-B-C). Adhesion scores in the SF group were
seen 2 cases in Grade 1 and 2. No adhesion was noted
in 2 cases in the SF group (Fig. 1-D). Statistical analysis
indicated that adhesion scores were significantly lower in
S, F, and SF groups when compared to the control group
(P<0.05). A statistically significant difference was not
observed between groups S and F (P>0.05). Group SF
showed the lowest incidence of adhesions as compared to
S and F groups macroscopically (P<0.05).

Severe fibrosis and inflammatory changes were seen in
control group (Fig. 2-A). Minimal fibrosis and low degree
of inflammation were observed in the S, F, and SF groups
(Fig. 2 B-C). Statistical evaluation of fibrosis scores showed
significant difference in S, F, and SF groups when compared
to the control group (P<0.05). On the other hand, there
was not significant difference between scores of fibrosis
in SF group compared to that of S and F groups (P>0.05).
However, there was a significant difference between the
degrees of adhesion and inflammatory changes in SF
group compared to S group (P<0.05), (Fig. 2-D).

DISCUSSION

Despite the development in the knowledge concerning
pathophysiology of abdominal cavity and improvement
in surgical techniques, postoperative intraabdominal
adhesions are significant health problem with major adverse
effects on quality of life, use of health care resources, and
financial costs after laparotomy ['-47-91821],

There are many experimental models for the

Fig 2. Histopathological evaluations.
A) Severe fibrosis (arrow heads) and
inflammatory changes (arrows) in
C group, Grade lll, B) Mild fibrosis
(arrow heads) and mild inflammatory
changes (arrow) S group, Grade 1,
C) Severe fibrosis (arrow heads) and
inflammatory changes (arrows) in F
group, Grade I, D) Mild fibrosis (arrow
heads) and no inflammatory changes
(arrows) in SF group

Sekil 2. Histopatolojik degerlendirmeler.
i A) C grubundaki siddetli fibrosis (ok
basi) ve yangisal degisiklikler (ok), B)
S grubundaki hafif fibrozis (ok basi)
ve yangisal degisiklikler (ok), C) F
grubundaki siddetli fibrozis (ok basi)
ve yangisal degisiklikler (ok), D) SF
grubundaki hafif derecedeki fibrosis
(ok basi) ve yangisal bulgu yoklugu (ok)

development of inflammatory and postoperative adhesions
including the local peritoneal model, the damaged uterine
horn, introduction of foreign objects in the abdominal
and pelvic cavity, the direct mechanical intestinal damage,
the ileal transection, the thermal damage, the large
bowel anastomosis, the bacterial contamination, and
the scraping models 1617192022 |n this study, the parietal
peritoneal model was chosen due to the similarities of
the physiopathology after abdominal surgery. Since, it
was observed that all cases in the control group occurred
different degrees of adhesion.

Various studies have pointed out that the adhesion-
forming process and mesotheliozation are completed after
7 to 14 days following surgery 110172326 Therefore, it was
chosen to wait 10 days before performing relaparotomy
because other studies had shown high adhesion scores
at the period of this time “>¥1. There have many adhesion
scoring systems described by researchers in experimental
models #61617.221 Macroscopical and histopathological
evaluations were made according to semiquantitative
scoring systems that had been described by Mazuji et al.*¥
and Hooker et al.?*, To date mentioned evaluations which
have been used by many reseachers #2223l is simple and
suitable scoring systems for use in experimental studies.

The peritoneal healing process differs from skin
healing process, whose differences actually came from the
reepithelization, and consequences of fibrin depositon.
Intraabdominal adhesions are formed as a result of tissue
inflammation, fibrin deposition, fibrin organization, collagen
formation and maturation 37, Surgical trauma initiates
a widespread inflammatory response in the peritoneum
that is associated with the recruitment and activation of
inflammatory cells, and the secretion of proinflammatory
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mediators. Peritoneal inflaimmation leads to the formation
of an inflammatory exudate. The increase of vessel
permeability produces an outpouring of serosangineuous
excudate rich in inflammatory cells. These cells promotes
the formation of a fibrin-rich matrix at the sites of peritoneal
injury that leads to the formation of fibrinous adhesions
and eventually permanent adhesions 13722,

It is important to use minimal invasive surgery
techniques and various agents to diminish the post-
operative adhesions. These techniques and equipments
have focused mainly on limiting tissue injury, like keeping
the tissues moist, removing of foreign materials, avoiding
of desication/ischemia, and using of laparoscopy. The roles
of pharmacogical drugs are diminishing inflammatory
response, enhancing fibrinolysis, preventing collagen
deposition and maturation "+¢, NSAIDs decrease vascular
permeability, platelet aggregation, plasmine inhibitor
and coagulation, and enhance macrophage function 27,
Some researchers 711122 have demonstrated that NSAIDs
have been used to prevent the adhesion formations by
blocking the initial stage of inflammatory response. An
optimal barrier should be non-toxic, biodegradable, easily
appliable, without compromising wound healing, remain
active in the presence of body fluids, and dissolved after
1 to 2 weeks. HA/CMC has been used to reduce adhesion
formation after the surgery. It becomes a hydrophilic
gel within approximately 24 hours after placement. It is
absorbed within 7 days and cleared completely from
the body within 28 days U"#'#1¢ In our study, it was
used the effect of flunixin meglumine 1.1 mg/kg on
the postoperative adhesions and HA/CMC covered on
the peritoneal defect. These results, as expected under
guidance of previous result of the studies %1418 have
supported that both HA/CMC and flunixin meglumine
decreases adhesion formation, as evaluated by the scoring
of adhesion, fibrosis, and inflammatory compared with the
control group (P<0.05), (Table 1).

The physical barriers should focus on more widespread
adhesion prevention without compromising peritoneal
fibrinolytic activity. HA/CMC is accepted as one of
the most effective barrier to prevent intraabdominal
adhesions. However, their efficacy may be limited to the
site of application. HA/CMC does not address the complex
nature of adhesion formation and has hydroflotation and
sliconization effect on the applicated area ©8°'28, An current
approach to increase the efficacy of barriers or drugs could
be improved the synergistic effect of various combinations
without causing significant complications [“919-23:26.28],
Lim et al.®! found that the coadministration of HA/CMC
with neurokinin 1 receptor antagonist not only increases
the efficacy of the barrier at the site of application, but
also significantly reduces the adhesions formation at
distal unprotected sites. Attar et al."® have reported that
combined use of HA/CMC and melatonin were found
to be effective reducing the adhesion formation in a

rat uterine horn model. In this study, adhesion scores of
the HA/CMC and melatonin groups were similar, and
significantly lower than those of the control group. Also,
adhesion scores in the combination group were lower
than those in the control, HA/CMC, and melatonin groups.
Altun et al.”® recently showed that low molecular weight
heparin and octreotide were almost have the same effect
for prevention of adhesion formation. In this work, it was
observed that the scores of adhesion and inflammation
in SF group were significantly lower than that in S and F
groups (P<0.05), (Tablo 1). So that based on this results,
it was concluded that they were effective in combination
rather than the separate using. The result of HA/CMC and
flunixin meglumine combination in this study was paralel
to those of other combination 891823261,

Numerous articles on the combination of some agents
used adhesion prevention have been published but know-
ledge on this subject is limited and contradictory 17182931,
Sahin and Saglam [ researched heparin to the carboxy-
methylcellulose at laparotomy, whereas Basbug et al.2”
added hyaluronic acid plus heparin, Tayyar et al.?® tried
heparin to the amniotic membrane to cover injured rabbit
uterine horns. These combinations seem to be more
effective in reducing adhesion formation rather than the
use of heparin, hyaluronic acid, carboxymethylcellulose
and amniotic membrane alone. Conversely, some
researchers 17272932 ravealed that there was no difference
between the groups in the combined application of various
drugs (HA/CMC+atorvastatin, dimethyl sulfoxide+synovial
fluid, low molecular weight heparin+hyperbaric oxygen,
medroxyprogesterone acetate+heparin, HA/CMC+vitamin
E, vitamin E+selenium) on the prevention of intra-
abdominal adhesions.

In conclusion, HA/CMC and flunixin meglumine reduce
significantly the prevalence of adhesion development
separately. However, HA/CMC and flunixin meglumine
combination have reduced more effectively the formation
of postoperative intraabdominal adhesions. Further and
more detailed investigations could be useful and necessary
using additional examinations.
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Summary

The primary objective of this study was to evaluate the relationship between passive immunity and growth performance in lambs in
neonatal and post-neonatal periods. The study also evaluated the effect of gender, type of birth, birth weight and health of lambs, lambing
season and dam'’s age on growth performance. This study included two crossbred Akkaraman flocks (n=301) in Kars, Turkey. The results
disclosed that serum IgG concentration determined at 24t of birth (SIgG-24) was significantly associated with growth performance in both
periods (P<0.001) but this relationship was poor (R>=0.148 to 0.198). Neonatal growth performance was influenced only by birth weight,
health status, SIgG-24 and type of birth (R*=0.527 to 0.721 P<0.001) on multiple stepwise regression analyses. The study also disclosed that
post-neonatal growth performance was affected by all variables (P<0.001 R?=0.471 to 0.472). This study suggested that passive transfer cause
a significant amount of variation in growth performance for lambs from birth to 12 weeks of life, a conclusion that has not previously been
identified. It also disclosed positive association among growth performance, birth weight, type of birth, gender, health status of lambs, dam'’s
age and lambing season. The growth performance was rendered by dam’s age (<2 years old), twin lambs, female lambs, winter lambing, iliness,
and birth weight of <3 kg. These factors should be taken into consideration and dealt with in order to increase growth performance so that
which farm productivity and profitability is maintained.

Keywords: Lamb, Passive immunity, Growth performance, Risk factors

Kuzularda Pasif immiinite, Saglik, Dogum Agirhgi
ve Biiyiime Performansi ile iliskili Risk Faktérleri:
- Pasif immiinite ve Bazi Risk Faktérlerinin ilk 12 Haftalik
Biiyiime Performansi Uzerine Etkisi

Ozet

Bu ¢alismanin temel amaci kuzularda neonatal ve sonraki periyotta pasif immiinite ve blyime performansi arasindaki iliskinin
belirlenmesidir. Calismada ayrica kuzunun cinsiyeti, dogum tipi, dogum agirligi ve saglidi ile birlikte kuzulama sezonu ve anne yasinin
buytime performansi Uzerine etkisi degerlendirildi. Calisma Turkiye'de Kars'ta iki Akkaraman melezi siiride (n=298) yurituldd. Sonuglar
dogumdan sonra 24. saat serum IgG konsantrasyonu ve her iki ddonem bilyime performansi arasinda énemli (P<0.001) fakat zayif (R>=0.148-
0.198) bir iliski oldugunu gostermistir. Coklu adimsal regresyon modeli ile neonatal blylime performansinin sadece dogum agirligi, saghk
durumu, SIgG-24 ve dogum tipinden etkilendigi (P<0.001R*=0.527-0.721) belirlendi. Ayni metot ayrica post-neonatal biiylime performansinin
tim degiskenlerden etkilendigi gostermektedir (P<0.001 R?=0.471-0.472). Bu calisma kuzularda pasif immunitenin ilk 12 haftalik donem
blytume performasi ile dnemli oranda varyasyon gosterdigini isaret etmektedir. Bu sonug daha 6nce degerlendirilmemistir. Calismada ayrica
dogum agirhigi, dogum tipi, cinsiyet, saglik durumu, anne yasi ve kuzulama sezonunun da blyiime performansi tizerine etkili oldugu belirlendi.
Kuzularda anne yasinin <2 olmasi, ikiz, disi ve kis sezonunda dogmasi, hastaliga maruz kalmasi ve dogum agirhginin <3 kg olmasiinn biyiime
performansini azalttigi saptandi. Bu faktorler bliylime performansini artirmakigin dikkatle ele alinmasi gerekmektedir. Boylece ciftlik verimliligi
ve karliligr arttinlabilir.

Anahtar sozciikler: Kuzu, Pasif immdinite, Bliyiime performansi, Risk faktérleri
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INTRODUCTION

Most of the outputs from livestock consist of food
production in the form of meat, milk and other products.
The profitability of sheep farm is significantly limited
by cosideable growth performance, low market weight
and ill-health U Therefore, it is important for the
sheep industry to be well informed about the external,
controllable factors that affect live weight. For this reason,
much work has been done on the effects of genetic and non-
genetic factors on growth performance. The growth rate
of lambs, particularly during the early stages, is influenced
by several factors including breed, the ewe’s diet, milk
yield, parity or age of the ewe, type of birth, gender,
birth weight and environmental factors such as
the lambing season "24%, Thus, there is a need for
evaluating the effects of animal-related and environmental
factors on growth traits if adequate level of growth
performance is to be attained. Nonetheless, not enough
research has been carried out in Turkey to determine the
relationship between risk factors and growth performance
in lambs 1,

Recent studies indicate that passive immunity may be
a significant factor that affects growth performance 1%,
Lambs are born agammaglobulinemic at birth due to
syndesmochorial placentation. Therefore, immunity during
the neonatal period depends on the passive transfer of
maternal IgG through the colostrum. This process is referred
as passive transfer of immunity (PTI), determined by
measuring serum IgG concentration (SIgGQC) %31, If
neonatal lambs are unable to obtain and absorb a
sufficient amount and quality of colostral IgG in the first 12
h of birth, secondary immunodeficiency disorder in other
words Failure of Passive Transfer (FPT) develops. FPT results
in hypogammaglobulinemia and predisposes neonataes
to diseases!''%, There exists sufficient amount of knowledge
on the association between PTI and the risk of illness and
death in neonatal lambs %2415 but not enough has been
reported about the potential long-term implications of
passive transfer. PTI appears to help predict health and
productivity in juvenile ruminants, both before and after
the neonatal period "', Studies to date have indicated
that there appear a significant linear correlation between
passive immunity and growth performance in different
periods during the first 6 months of life in beef!"”, dairy
heifer '8 and buffalo " calves, as well as in dairy lambs %2
and dairy goat kids ?'?2. Furthermore, an association between
PTI and first lactation, milk yield and milk fat content in
dairy heifer calves ¥ and pre- and post-weaning growth
performance in crossbreed calves have been found 4%,
Never-theless, very little information is available on how
passive transfer affects growth performance in lambs,
especially after the neonatal period.

To the authors’ knowledge, no reports have been
published on the predictive value of passive transfer for

the growth performance of lambs in long term period.
Therefore, the primary objectives of this study was to
determine the relationship between passive immunity
and growth performance in different periods of the first 12
weeks of life and the secondary purpose of this study was
to evaluate the effect of gender, type of birth, birth weight,
health of lambs, lambing season and dam's age on growth
performance in lambs of two crossbred Akkaraman flocks
in Kars, North-Eastern Anatolia, Turkey.

MATERIAL and METHODS

Animals, Data Collection and Farm Management

This study was carried out on two sheep farms located
in the central of Kars province in North-Eastern Anatolia,
Turkey in 2009. All ewes and lambs were kept under identical
feeding and management conditions. Management was
typical of North-Eastern Anatolian flocks with lambs
being born in winter (December to February) or spring
(March to May), and being raised intensively. Other than
deworming agents and routine vaccines against clostridial
diseases, no drugs and other compounds administered
during gestation or parturition. Only lambs resulting from
observed parturitions were included in the study. Plastic
ear tags were attached to both ears of study lambs soon
after their birth and the following data were recorded for
each lamb: an individual identification number, gender,
date of birth, age of dam, ear tag number of dam and
type of birth. The lambs were weighed at birth (before
colostrum intake) using a scale [CASIA DB2-150 kg (+30
g)]. After this procedure, lambs were allowed to naturally
suckle their dams. The newborn lambs were kept with
their dams during their first week of life. After this period,
the lambs were transferred to a separate pen and allowed
to suckle twice a day (in the morning and evening) for 3
months. Lambs had access to hay after the first week of
neonatal life, and to straw and commercial growth feed
(Bayramoglu AS, Turkey) from the third week of life. This
feeding regime lasted for three months. Subsequently,
lambs were turned on pasture and supplemented with
hay and commercial feed when they were brought in
for the night. No vaccines, drugs or other compounds
were administered to lambs during the neonatal period.
Deworming agents and routine vaccines against clostridial
diseases were administered to the lambs after the neonatal
period. The lambs were also weighed on day 28 and day 84
using the same scale.

Blood Sampling and IgG Measurement

Blood samples were collected from lambs by jugular
venipuncture at 24+1 h. Serum was harvested by
centrifugation and stored at —20°C until analysis. SIgG-
24 was measured using a commercial ELISA kit (Bio-X
Competitive ELISA Kit For Ovine Blood Serum IgG Assay-
BIO K 350, Bio-X Diagnostics, Belgium).
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Clinical Examination

Clinical examination was performed as previously
defined by the authors ", The health status of the lambs
was monitored by visiting farms daily during the neonatal
period and every two days in the period covering 5 to 12
weeks of life referred as post-neonatal period in the text.

Statistical Analysis

The present study was conducted on 301 Akkaraman
crossbreeds and 347 lambs born to these ewes. Those
lambs whose birth weight, body weight on 28 and 84
days of life, gender, type of birth, health status, serum IgG
concentration, birth date and dam’s age were recorded
and those survived neonatal or post-neonatal period were
included in statistical analysis. Therefore, only 298 and 280
lambs were used to evaluate growth performance during ne-
onatal and post-neonatal periods, respectively. Mean + SD
(Range) values for SIgG-24, birth weight, neonatal (day 28)
and post-neonatal (day 28 to day 84) weight, neonatal (birth
to day 28) and post-neonatal (from 28 to 84 days) Average
Dailiy Gain (ADG) were calculated. The lambs were categorized
as healthy or ill based on their clinical examination results.
Birth weights were categorized as low (< 3 kg), medium (>3
to <4 kg) or high (>4 kg). Dam’s age was categorized as <2, 3,
4 or =5 years. SlgG-24 was also categorized as <1000 mg/dL,
1001-2000 mg/dL or >2000 mg/dL. The Tukey HSD test was
usedto identify differencesin growth performanceinlambs
grouped according to SlgG-24, birth weight and dam’s age.
Independent Samples T test was used to identify variations
in growth performance according to gender, type of birth,
birth date and health of the lambs. Multivariable stepwise
linear regression analysis (MSRA) was used to evaluate the
association between SIgG-24, birth weight, age of dams
(considered as continuous independent variables), type of
birth, gender and health status of lambs, lambing season
(considered as categorical independent variables) and
the growth performance outcomes, including ADGand body
weight. The linear regression model with the all potential
independent variables considered in the study defined as
follows:Y = a+ B,X, + B,X,, BsXs+ B, X+ BsXst BeXet+ B X e
Where Y denotes the weight or ADG, X, is the birth weight,
X, is the type of birth (twin=1 and single=0), X, is the health
of the lambs (healthy=0 and ill=1), X, is the passive immune
status (SlgG-24), X, is gender (male=0 and female=1), X
is age of the dam and X, is the lambing season [Spring
(March, April, May)=0 and Winter (December, January,
February)=1], a is the y-intercept, and 83,, B, Bs, B, Bs Bs B
are the regression coefficients and €, indicates the random
part of the theoretical model. To identify the best models in
the stepwise technique, the coefficients of determination
(R?) were used. The coefficient of determination was
multiplied by 100 and expressed as a percentage to
indicate the total variation in Y explained by the selected
independent variables. The relationship between SlgG-24
and growth performance (weight or ADG) was explored by
simple regression analysis. The methods of multivariable

and simple regression have been described previously
in detail "*', The computer program SPSS was used for
all analyses and values of P<0.05 were considered to
be significant. The program Origin 6 was used to obtain
scatter diagram illustrations (Origin 6 Copyright® 1991-
1999 Microcol TM, Software, Inc) in regression analysis.

RESULTS

The study evaluated 298 lambs and mean SIgG-24
was 22.1+10.74 (2.71-53.02) mg/mL. Birth weight ranged
from 2.260 to 5.900 g (mean * SD, 4.075+631 g). Changes
in growth performance based on birth weight, gender,
type of birth, SIgG-24 and health status in lambs, age of
dam and lambing season have been given in Table 1. In
addition, the effects of these factors on neonatal and post-
neonatal growth performance (ADG or body weight) have
been presented in Table 2 and Table 3, respectively.

Effect of Passive Inmunity and Other Some Variables
on Neonatal Growth Performance

Body weight at 28 days of life ranged from 4.364 to
14.015 g (8.852+1.930 g). Average daily gain from birth to
day 28 ranged from 16 to 339 g/d (mean + SD, 170+53 g/
day). Lambs with SIgG-24 levels below 1000 mg/dL had
significantly lower neonatal growth performance (ADG or
body weight) than lambs with SIgG-24 in the range of 1001
t0 2000 (P<0.001) and above 2000 mg/dL (P<0.001). Lambs
having SIgG-24 in the range of 1001 to 2000 mg/dl had
significantly lower growth performance when compared
to lambs with SlgG-24 above 2000 mg/dL. With regard
to birth weight, the neonatal growth performance in the
low weight category was significantly lower than those
of medium (P<0.01) and high birth weight category
(P<0.001). Similarly, lambs with medium birth weight had
significantly (P<0.001) lower weight or ADG than those
with high birth weight. Neonatal growth performance
was significantly lower in twins (P<0.001) and diseased
(P<0.001) lambs. Body weight of day 28 was significantly
(P<0.05) higher in male lambs when compare to female
lambs. However, ADG from birth to 28 day was not
significantly different between male and female lambs
(P>0.05). There was no significant difference in growth
performance between lambs born in spring and winter
seasons (P>0.05). Dam’s age did not significantly effect
on neonatal growth performance.

The simple regression models disclosed that SlgG-24
was significantly (P<0.001) associated with both weight
determined on day 28 (R? = 0.148; Fig. 1A) and ADG
determined for the period of birth to 28 days (R*= 0.151;
Fig. 1B). Each 1 mg/mL increase in SlgG-24 was associated
with a 1.92 g/d increase in ADG and a 69.2-g increase in
body weight of day 28.

On multiple regressions analysis, type of birth, SIgG-
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Table 1. Changes in growth performance of lambs according to various factors

Tablo 1. Kuzularda bazi faktérlere bagl biiyiime performansindaki degisiklikler

Period
Factor Group Neonatal Growth Performance (g) (up to 4 Weeks) | Post-Neonatal Growth Performance (g) (5 to 12 Weeks)
n WG1 ADG1 n WG2 ADG2
<1000 25 7029+19513° 120+54° 22 8793+2066° 156£37°
(Srlr?gG/-dZS 1001-2000 142 8631+2026° 165+55° 135 11077+2844° 197+51°
>2000 131 9439+1530¢ 186+43¢ 123 12700+2313¢ 226+41¢
Twin 80 6794+1178™ 118+34™ 74 9639+2486™ 172+44™
Type of Birth
Single 218 9606+1569 190+45 206 12320£2561 220+46
Male 160 9109+2011" 17557 150 12069+2849™ 215+51"
Gender Female 138 8554+1794 165+48 130 11084+2656 197+47
<2 45 8545+1923° 168+58° 41 10696+2958* 190£53°
Dam Age 3 134 8766+1880° 169+49° 126 11232+2787% 20050
(Years) 4 82 9087+1795° 176451 78 1210925885 21646
>5 37 9017+2370° 168+65° 35 12946+2520° 231+45°
- ] 40 7411+£2125™ 129+60™ 81 10313+£2426™ 184+43™
Healthy 258 9075+1802 177+49 199 121412774 216£50
Lambing Winter 91 8980+1835 176+52 87 10671£2615™" 19047
Season Spring 207 8796+1792 168+54 193 12036+2783 214+£50
Low 17 6266+1175° 124+40° 16 8723+3074° 155+55°
?;;th Weight "y dium 17 7622+1606° 143251 109 105122595 187440
High 164 9997+1308¢ 195+41° 155 12684+2799¢ 226+43¢

" P<0.001, " P<0.01, " P<0.05, WG1 = weight on day 28, ADG1 = [(day 28 weight-birth weight)/28x1000], WG2 = (weight on day 84-weight at day 28),
ADG2 = [(WG2/56)x1000]

Table 2. Regression models between independent variables and neonatal growth performance in lambs

Tablo 2. Kuzularda neonatal ime performansi ve bagimsiz degiskenler arasindaki regresyon modelleri
Healthy Status Formulas R? P
W=7328.9 + 69.2 x IgG 0.148 <0.001
General (n=298)
ADG=128.2 + 1.92 x IgG 0.151 <0.001
Simple Regression
Aaelveis® W=7805.8 + 55.3 x IgG 0.105 <0.001
b Healthy (n=258)
ADG =141.8 + 1.53 x IgG 0.109 <0.001
W=5837.9 + 98.2 x IgG 0.215 <0.01
1l (n=40)
ADG=86.27 + 2.67 x IgG 0.197 <0.01
Model Formulas R? P
Onset W=2.4 x BW - 949.7 0.622 <0.001
2"::)'2:: Regression Final W=1602 + 1.7 x BW - 1186 x TB - 796 x HS + IgG x 21.1 0721 <0.001
Onset ADG=190.3-72*TB 0.364 <0.001
Final ADG=57.4-42 xTB + 0.28 x BW - 28.48 x HS + 0.75 x IgG 0.527 <0.001
W = Weight (g), ADG = Average daily gain (g), BW = Birth weight (g), TB = Type of birth, HS = Health status of lambs, IgG = Serum IgG concentration at 24 h
after birth, AD = Age of dam, LS = Lambing season, * Indepedent variable: IgG and dependent variable: (W or ADG), ** Independent variables: BW, TB, HS,
1gG, Gender, AD and dependent variable: (W or ADG)

24, birth weight and health of lambs were significantly Effect of Passive Inmunity and Other Some Variables
associated with body weight at day 28 and ADG from on Post-neonatal Growth Performance

birth to 28 days. The variation in weight at day 28 and

ADG from birth to day 28 was 72% (R*=0.721) and 53% Total body weight from day 28 to day 84 (post neonatal

(R?>=0.527) respectively (Table 2). period weight) ranged from 3.400 to 18.650 g (mean + SD:
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Table 3. Regression models between independent variables and post-neonatal growth performance in lambs

Tablo 3. Kuzularda post-neonatal biiyiime performansi ve bagimsiz degiskenler arasindaki regresyon modelleri

Healthy Status | Formulas R? P
EaEl W =9010.9 + 1185 X IgG 0.198 | <0.001
(n=280) ADG = 1604 + 2.1 xIgG 0.198 | <0.001
Simple Regression
Analysis* Healthy W =9642.2 + 105.9 x IgG 0.167 | <0.001
(n=199) ADG=171.7 + 1.89xIgG 0.168 | <0.001
Il (n=81) W =28452.2 +103.9 x IgG 0.145 | <0.001
n=
ADG =150.3 + 1.86 x IgG 0.146 | <0.001
Model Formulas R? P
Onset W =2165.7 + 2.32 x BW 0.273 | <0.001
Multiple Regression | Final W =4918.5+ 1.2 x BW + 68.3 x IgG - 956.9 x LS - 1097.2 x HS - 1088.4 x TB + 440.2 x DA - 0471 | <0.001
Analysis** 639.9 x Gender
Onset ADG =38.2 + 0.041 x BW 0.273 | <0.001
Final ADG =87.29 + 0.021 x BW + 1.2 x IgG - 17.1 x LS-19.5xHS - 19.4 xTB + 7.89 x AD - 11.5 0472 | <0.001
x Gender
W = Weight (g), ADG = Average daily gain (g), BW = Birth weight (g), TB = Type of birth, HS = Health status of lambs, IgG = Serum IgG concentration at 24 h
after birth, AD = Age of dam, LS = Lambing season, * Indepedent variable: IgG and dependent variable: (W or ADG), ** Independent variables: BW, TB, HS,
IgG, Gender, AD and dependent variable: (W or ADG)
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Fig 1. Scatterplots of serum IgG concentration (mg/mL) 24 h after parturition in 298 lambs versus neonatal growth
performance [body weight (g) at day 28 (A), ADG (g/d) from birth to day 28 (B)]. In each graph, the solid line represents the
best fit for the data, as determined by means of simple linear regression

Sekil 1. 298 kuzuda dogumdan sonra 24. saat serum IgG konsantrasyonu ve neonatal biylime performansi [28. glin viicut
agirhigr (g) (A), dogumdan 28. giine kadar olan ADG (g/d) (B)] arasindaki iliskiyi gosteren dagihm grafiginin gériinim.
Basit dogrusal regresyon ile belirlenen grafikte, koyu ¢izgi, iki degisken arasindaki en iyi uyum noktasini géstermektedir
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Fig 2. Scatterplots of serum IgG concentration 24 h after parturition in 298 lambs versus post-neonatal growth performance
[total gain (g) (C) and ADG (g/d) (D) between day 28 and day 84)]. In each graph, the solid line represents the best fit for
the data, as determined by means of simple linear regression

Sekil 2. 280 kuzuda dogumdan sonra 24. saat serum IgG konsantrasyonu ve post-neonatal biiyiime performansi [28 ve
84. glinler arasindaki giin viicut agirhgi (g) (A), dogumdan 28. giine kadar olan ADG (g/d) (B)] arasindaki iliskiyi gdsteren
dagihm grafiginin gorinim. Basit dogrusal regresyon ile belirlenen grafikte, koyu cizgi, iki degisken arasindaki en iyi
uyum noktasini gostermektedir



624
Risk Factors Associated with ...

11.612+2.799 g). ADG during this period ranged from 60
to 333 g/d (mean % SD: 207+50 g/d). Lambs with SlgG-24
levels below 1000 mg/dL had significantly lower post-
neonatal growth performance than lambs with SlgG-24
in the range of 1001 to 2000 (P<0.001) and SlgG-24 above
2000 mg/dL (P<0.001). As the SIgG-24 increased the
growth performance was enhanced (Table 2). Lambs in low
birth weight had significantly lower growth performance
when compare to those born with medium (P<0.001) and
high birth weight (P<0.001) in post-neonatal period.
Lambs born from dams aged 4 (P<0.05) and >5 years old
(P<0.01) had significantly better growth performance
during the post-neonatal period when compare to other
categories. Lambs born in the winter season, twin and
female lambs and those with exposure to any disease had
significantly lower growth performance from day 28 to day
84 than their contemporaries born in the spring season
(P<0.001), singleton (P<0.01), male lambs (P<0.001) and
those that remained healthy (P<0.001).

The simple regression models showed that SlgG-24
was significantly (P<0.001) associated with body weight
gain (R* = 0.198; Fig. 1C) and ADG from day 28 to day 84
(R*=0.198 Fig. 1D). Each 1 mg/mL increase in SIgG-24 was
associated with a 2.1 g/d increase in ADG and a 1185 g
increase in weight during the post neonatal period.

Birth weight, gender, type of birth, SIgG-24 and health
of lambs, age of dam and lambing season had significant
relationship with body weight and ADG from day 28 to
day 84 on multiple stepwise regression analysis. The final
model showed that 47% (R?>=0.471) of the variance in total
weight gain and 47% (R*=0.472) in ADG from day 28 to day
84 was explained by the independent variables.

DISCUSSION

Recent studies have shown that passive immunity in
newborn ruminants 7?2 not only helps to prevent disease
but also enhances growth performance. However, the
relationship between growth performance and passive
immunity in lambs was studied for only healthy and small
number of lambs (generally <40) and the period generally
restricted to neonatal period (first 28 days of life) 101520,
Therefore this study explained the relationship between
passive immunity and other parameters and growth
performance beyond the neonatal period for the first time.

Passive Immunity and Growth Performance

The results of our study indicated that passive transfer,
was a significant source of variation in both neonatal and
post-neonatal periods with regard to growth performance
in lambs that were allowed to suckle naturally. Similar
results were reported for dairy heifer calves 822, dairy
healthy goats "%, beef calves '7?% and healthy buffalo
calves ', Our study determined a significant positive

linear correlation between SlgG-24 and body weight
at day 28 and ADG from birth to day 28 as reported by a
single previous study " but this study was conducted only
20 healthy lambs. However, no study has yet investigated
the relationship between growth performance and SIgG-24
in lambs during the post-neonatal period. The present
study also revealed a significant linear relationship
between SlgG-24 and post-neonatal growth performance
as SIgG-24 increased, the growth performance also
improved significantly in both periods of life.

The present study did not explicitly disclose the
biological basis for relationship between SIgG-24 and
growth performance. However, this relationship can be
explained by a number of theories in the light of earlier
studies %1921, First of all, there may be a direct cause-effect
relationship between SlgG-24 and growth performance as
passive transfer of immunity might have enhanced efficient
metabolic systems and rendered disease occurrence which
in turn contributes to better growth performance 10122126271,
The positive linear relationship among SlgG-24, health
status and growth performance in this study added credence
to above assumptions as low serum IgG concentrations
at 24 to 72 h associated with reduced performance of
surviving lambs through increased susceptibility to
diseases 91221271 Secondly, Massimini et al.'”, suggested
that lambs receives and absorbs not only IgG but also
nonimmunoglobulin factors present in colostrums which
may contribute to growth performance as it is well known
that colostrum also contains nutrients, minerals, trace
elements, vitamins, enzymes, hormones, growth factors,
antibodies and other immunologically active component
such as cells, cytokines and acute-phase proteins which
are necessary for normal development 32831 Neonatal
ruminants are pseudomonogastrics and maturation of
their gastrointestinal tract is modulated by growth factors
through absorption of colostrums B%U, In recent years,
considerable number of researchers examined the relation-
ships between the development of neonatal calves and
various growth factors, such as insulin-like growth factor-I
and the growth hormone B%"and yet this aspects
remains to be explored in lambs. Studies also revealed
the effect of non-immunoglubulin components such as
neutrophils, serum opsonic activity, colostral cytokines,
complement proteins and lactoferrin on improvement
of weight gain by protecting against diseases [102.28-32
through boosting the immune and metabolic system.
However, much is required to be performed with regard
to the effect of non-immunoglobulin colostral content on
neonatal and post-neonatal health and growth 1'%,

In contrast, many researchers also reported no correlation
between passive immunity and growth performance in
ruminants [>20263334 However, these studies had many
different aspects to the present study such as small number
of subjects (n<40) 52 and species of ruminant (goat,
calves) studied ?'263334 method of colostrum feeding (heat
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treated colostrums, bottle fed) 2%3%, and measurement of
Ig concentration (zinc sulfate turbidity test) 23, and length
of study 2021,

Other Factors that Affect Growth Performance

The present study revealed that the variation
attributable to SlgG-24 accounted on average for 15% of
the total variation in ADG and weight from birth to day 28
and 20% of the total variation in weight and ADG from day
28 to day 84. Thus, a large proportion of variation in
growth performance was not explained by SlgG-24. Multi-
variable stepwise linear regression analysis determined
a considerable variation in growth performance by health
status, gender, type of birth, birth weight, dam'’s age
and lambing season. Of these factors, birth weight, type
of birth and health status were considerable source of
variation for growth performance in neonatal period,
while post-neonatal growth performance was influenced
by all variables.

Health Status

Health of the lambs was positively associated with
growth performance and in both periods as healthy lambs
had a better growth rate than lambs exposed to disease
and disease caused 796 g and 1097 g decrease in body
weight for each lamb that became ill in neonatal and post-
neonatal period, respectively. It is well known that the
severity and duration of the disease results in decreased
growth performance 2621, This is attributed to the fact that
diseased animal cannot fully take advantage of the nutrients
for growth and development, since a portion of the ingested
nutrients must be committed to attacking and eliminating
pathogens as well as repairing any damage caused 1833,

Birth Weight

A positive and strong linear relationship between
birth weight and growth performance in both periods
was evident in our study. As birth weight increased,
growth performance also increased considerably. Similar
results were reported by previous studies 2436371, Several
explanations have been put forward. Of these, lambs
born with acceptable birth weight (generally >3 kg) are
able to ingest sufficient amounts of colostrum earlier
because they are physically strong and viable. This in turn
not only increases their resistance to diseases, it also
ensures that they ingest many components of the
colostrum that affect growth performance %%, On the
other hand, lambs with lower birth weight are physically
weak, to stand at birth and to suckle sufficient amount of
colostrum and this consequently results frequent exposure
to disease as was the case in our study where lambs with
low birth weight were more prone to disease development
and poor growth performance 5349, |t is already known
that lambs with a birth weight of <3 kg usually suffer failure
of passive transfer and that most of them die during the

neonatal period, or even if they survive, they do not exhibit
good growth performance 5123539411 QOther explanation
may be that lambs with low birth weights are less mature
than those with high birth weights with regard to the
development of their metabolic and endocrine systems
that improve lambs ability to generate energy from amino
acids and sustain gluconeogenesis immediately after
parturition “43,

Type of Birth

Type of birth had a significant effect on the weight
of the lamb as single-born lambs were heavier and had
higher ADG in the neonatal and post-neonatal periods
as compared to twins in this study. Twin lambs were
approximately 1088 g lighter than singleton lambs in
the neonatal period and 1186 g in the post-neonatal
period and ADG of twin lambs was 42 g lower than single
lambs during the neonatal period and 19 g lower during
the post-neonatal period. Single lambs have already
been reported to attain better growth performance in
comparison to twin lambs 2474448 This has been attributed
to competition between the siblings for dam’s milk
supply, inadequate milk to rear two lambs, lower birth
weight of twins, mismothering, hypothermia, or the
inability to obtain sufficient milk or colostrum due to
physical weakness 681235411,

Gender

This study revealed no significant association between
gender and growth performance in the first month of life
on multiple regression analysis as reported by others 2447,
On the contrary, studies reported that gender had a
significant effect on ADG and weight in this period 364548,
On the other hand, male lambs recorded a higher ADG
and were heavier than female lambs from day 28 to day 84,
and gender was a significant source of variation in post-
neonatal growth performance in this study. Similar results
have previously been reported #6784, The faster growth of
male lambs could be due to hormonal differences in their
endocrinological and physiological functions which play
role in enhancement of growth and their superior weight at
birth compared to females “544, On the contrary studies also
reported no significant effect of gender on ADG ["+3644471 and
body weight !4 from birth to three months of life.

Age of Dam

Dam’s age had no significant effect on growth
performance in the neonatal period as earlier studies
reported 24441 but some studies found the effect of parity
or dam’s age on weight at day 28 or on ADG from birth to
day 28 B%#7. On the other hand multiple regression analysis
revealed a significant positive effect of dam’s age on
growth performance in post-neonatal period. This effect
might be explained by the difference in milk production
and maternal care since maiden or first parity ewes are less
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mature physiologically and consequently produce less milk,
and are less experienced in taking care of their lamb 24694447,
Additionally, younger ewes produce lighter lambs due to
competition between fetus growth and maternal growth,
which has a negative effect on birth weight and subsequent
growth performance 138414951 However, contradicting
results suggesting no effect of parity on growth performance
from birth to three months of life 1244445,

Lambing Season

Lambing season had no effect on growth performance
in the neonatal period in this study as reported by Taye
et al™. In contrast, earlier studies reported that lambing
season had a significant effect on neonatal growth
performance 3¢47, However, a significant relationship
between lambing season and growth performance was
determined in the post-neonatal period on multiple stepwise
regression analysis. Other studies have also reported
positive association between lambing season and growth
performance during the first three months of its life ©2364751,
Studies suggested that lambing season could cause
changes in growth performance due to temperature
during the birth season, morbidity rates, birth weight due
to the dam’s nutrition in late pregnancy and milk yield due
to feeding regime of dams in post-parturient period 0835444651,

This study revealed association between growth
performance and birth weight, type of birth, health status
and SIgG-24 in neonatal period and additionally lambing
season, dam’s age and gender in post-neonatal period.
Statistical models used in this study also suggested that
variation in growth performance remained to be effected
by some other factors noted previously #10384350 These
factors include, managemental interventions such as
feeding regime and other animal-related factors such as
body condition score, breed, placental development and
function, dam and lamb behavior at birth, maternal ability,
gastrointestinal absorptive ability of the lambs (2673843501,
The amount of variation attributable to farm management
procedures, the production system and the ewe’s prenatal
nutrition and breed was minimized in this study as all lambs
were taken from two farms that had similar management
practices and reared Akkaraman crossbreeds.

In conclusion, this study indicated that passive transfer
causes a significant amount of variation in growth
performance for lambs from birth to 12 weeks of life, a
conclusion that was noted for the first time. It is possible
for passive transfer monitoring programs to identify
lambs suffering from FPT, but there are many factors that
cause FPT 012141 That is to say that programs designed
only to identify affected lambs will not be as effective
as comprehensive flock management programs as our
study has found that aside from passive immunity, growth
performance is affected by birth weight, type of birth,
health status of lambs, dam’s age and lambing season.
These factors may be improved by managemental inter-

vention in order to increase growth performance and
thus farm income and welfare.
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Summary

The effects of different synchronisation prototocols on the reproductive parameters of fat-tailed ewes during the breeding season
were studied herein. Seventy-one multiparous fat-tailed ewes were randomly divided into four treatment groups, as follows; Group
1 (long-term FGA): for a total of 20 ewes, 20 mg FGA sponges inserted intravaginally for 14 d, plus an i.m. injection of 400 IU PMSG
upon the sponge withdrawal, Group 2 (short-term FGA): for 18 ewes, the insertion of sponges for 8 d, plus the PMSG injection on
day 8 upon the sponge withdrawal, Group 3 (Ovsynch): for 17 ewes, an i.m. injection of 0.004 mg GnRH on day zero, followed by the
injection of 125 pg PGF,, on day 7 and the second GnRH injection on day 9, and Group 4 (short-term FGA plus Ovsynch): for 16 ewes,
the FGA sponge inserted along with the first GnRH injection (as day zero), PGF,, injection on day 7 upon the sponge withdrawal, and
the second GnRH injection on day 9. The results showed that; time to onset of oestrus (P<0.001), duration of oestrus (P<0.05), the rates
of pregnancy (P<0.01) and lambing (P<0.001) differed between the synchronisation groups. Overall, findings of onset/duration of
oestrus and pregnancy/lambing rates suggest that; the standard Ovsynch synchronisation programme was markedly inferior to the
long- and short-term FGA sponge protocols in fat-tailed ewes during the breeding season.

Keywords: Fat-tailed ewe, Oestrus synchronisation, FGA, Ovsynch

Asim Mevsimindeki Yagh Kuyrukli Koyunlarda FGA ve
Ovsynch Temelli Senkronizasyon Protokollerinin
Ureme Performansi Uzerine Etkileri

Ozet

Sunulan calismada, asim sezonundaki yagli-kuyruklu koyunlarda farkli senkronizasyon protokollerinin reprodiiktif parametreler
Uzerine etkileri arastinldi. Bu amagla, toplam 71 bas birden fazla dogum yapmis yagh-kuyruklu koyun rasgele 4 deneme grubuna
ayrildi: Birinci gruptaki koyunlara (n=20, uzun sireli FGA), 20 mg FGA iceren siingerler intravaginal olarak yerlestirildikten sonraki
14. glinde uzaklastirilarak, 400 IU PMSG intramuskuler olarak enjekte edildi. ikinci gruptaki koyunlara (n=18, kisa-siireli FGA), 20 mg
FGA iceren siingerler intravaginal olarak yerlestirildikten sonraki 8. glinde uzaklastirilarak, 400 IlU PMSG intramuskuler olarak enjekte
edildi. Uclincii gruptaki koyunlara (n=17, Ovsynch grubu), Ovsynch protokolii (0. giinde 0.004 mg GnRH, 7. giinde 125 pg PGF,, ve 9.
glinde 0.004 mg GnRH) uygulandi. Dérdiincl gruptaki koyunlara (n=16; kisa-streli FGA + Ovsynch) ise, 20 mg FGA iceren siingerlerin
intravaginal olarak yerlestirilmesiyle birlikte 0.004 mg GnRH enjekte edildi. Stingerlerin 7 glin sonra uzaklastinlmasini takiben 125 ug
PGF,, ve 9. giinde 0.004 mg GnRH uygulandi. Senkronizasyon gruplari arasinda, son uygulama-6strus araligi (P<0.001), strus suresi
(P<0.05), gebelik (P<0.01) ve dogum oranlari (P<0.001) agisindan 6nemli farklar oldugu gozlendi. Sonug olarak; standart Ovsynch
protokoliiniin, Greme sezonundaki yagli-kuyruklu koyunlarda klasik kisa ve uzun siireli FGA iceren vajinal siinger uygulamalarina gore
gebelik ve dogum oranlarinda 6nemli 6l¢lide azalmaya yol actigi kanisina varildi.

Anahtar sézciikler: Yagl kuyruklu koyun, Ostrus senkronizasyonu, FGA, Ovsynch
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INTRODUCTION

Numerous methods have been used to for improving
the reproductive performance in sheep. For this, some
researchers have focused on animal husbandry practices
(e.g. flushing or the ram effect), while others adopted the
administration of certain agents '3,

Oestrus synchronisation has been practised in sheep
industry for almost a half century . The methods are
based on the control of the lifespan of corpus luteum (by
using prostaglandin or progestagen). The most common
techniques are progestagen devices, inserted for 12-14 d,
followed by an administration of eCG P. Administrations
of intravaginal progestagen (FGA or CIDR), for 10-16
d, followed by intramuscular (i.m.) injection of eCG,
have been successfully used . Progestagens appear
to be the most practical hormones of choice. However,
a prolonged time of administration could result in low
conception rates ', as likely to be attributable to the
impaired sperm transport in vivo "3, Meanwhile, short-
term protocols possibly allow for facilitating the
managerial tasks, minimising the vaginal discharge and
infection risks, and thus increasing the fertility rates.
Indeed, short periods of sponge administration, for as
shortas 5-7 d, have been successful in sheep regardless
of breeding season %3],

Alternatively, a GnRH-based PGF,, protocol has
also been reported to be effective in ewes during the
breeding season '*'%, Furthermore, their combination
with the Ovsynch protocol has also been used in
cattle 1. Likewise, this protocol was also used recently
in ewes %, Physiological aspects of Ovsynch protocol
may be described as follows: on day zero, the ovulation
occurs followed by the progression of corpus luteum
or, alternatively, intrafollicular luteinisation takes place
after the first GnRH injection. On day 5, the injection of
PGF,, induces luteolysis, while the injection of second
GnRH on day 7 evokes the ovulation. Indeed, Deligiannis
et al.l'"® reported that the majority of animals eventually
became pregnant following the artificial insemination
performed 36-62 h after the second GnRH. Furthermore,
Holtz et al.'”? comparing progesterone sponge and
Ovsynch protocols in goats concluded that the latter
protocol could also be an alternative choice with
reasonable outcome.

In the literature, there exist only a little information
on the effect of Ovsynch protocol or its combination
with FGA-impregnated intravaginal sponges in fat-
tailed ewes. Therefore, the present study was performed
to investigate the reproductive efficiency of Ovsynch
and or FGA protocols for oestrus synchronisation during
the natural breeding season in fat-tailed Akkaraman and
Awassi ewes.

MATERIAL and METHODS

Locations and Animals Used

This study was conducted during the breeding
season at the Experimental Research and Practice Farm,
Faculty of Veterinary Science, Ankara University, Ankara,
Turkey. Ewes were in dry period (not lactating) and
clinically healthy.

A total number of 71 fat-tailed ewes (40 Akkaraman
and 31 Awassi breed) were used. The animals were 2-5
years old with body weight between 45-55 kg and body
condition score of 2.5-3.0 based on the method described
by Ucar et al.'®, The ewes were kept in open pen (2.5
meter square per ewe) with adequate watering, and
offered alfalfa hay ad libitum together with a commercial
concentrate supplement (400-500 g/head).

Oestrus Synchronisation Protocols

The ewes were randomly divided into four treatment
groups, as follows:

Group 1 (Long-term FGA sponge plus PMSG injection): For
a total of 20 ewes (11 Akkaraman and 9 Awassi), 20 mg
FGA, Fluorogestone acetate, sponges (Chronogest® CR,
Intervet, Istanbul, Turkey), inserted intravaginally for 14 d,
followed by i.m. injection of 400 IU PMSG, pregnant mare
serum gonadotropin (Chronogest/PMSG, Intervet) upon
the sponge withdrawal.

Group 2 (short-term FGA sponge plus PMSG injection):
For a total of 18 ewes (10 Akkaraman and 8 Awassi), 20 mg
FGA sponges inserted intravaginally for 8 d, followed
by i.m. injection of 400 IU PMSG upon the sponge
withdrawal.

Group 3 (Ovsynch): For a total of 17 ewes (10 Akkaraman
and 7 Awassi), i.m. injection of 0.004 mg GnRH analogue,
Buserelin (Receptal®, Intervet) on day zero followed by
an i.m. injection of 125 ug PGF,, analogue, Cloprostenol
(Estrumate®, DIF; Istanbul, Turkey) 7 d later, and finally a
second injection of 0.004 mg Buserelin on day 9.

Group 4 (short-term FGA plus Ovsynch): For a total of
16 ewes (9 Akkaraman and 7 Awassi), we implemented
the FGA sponge inserted along with the injection of 0.004
mg Buserelin (as day zero), followed by an injection of 125
pg Cloprostenol on day 7 upon the sponge withdrawal
and, finally the second injection of Buserelin on day 9.

Oestrus Detection, Mating and Fertility

Oestrus signs were monitored four times a day for
15 min each time as described by Ucar et al.®.. The signs
were observed following each protocol for 18-72 h with
intervals of 6 h. Teaser rams were used for detection of
ewes on heat.
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Once the ewes were detected in oestrus, they were
then separated from the rest of flock and hand-mated with
fertility-proven rams (n=4, for each breed) used rotationally.
Duration of oestrus was recorded as the time starting from
the onset of oestrus signs until the rejection of mounting
ram, as the end of receptivity. The pregnancy rates as
well as the rates of lambing and twinning were recorded
after parturition. Ongoing pregnancies were determined
by considering those ewes that have previously showed
oestrus, mated, and non-returned (no oestrus/no mating
again) within the subsequent oestrus cycle (between day
14-21 post-mating/synchronisation).

Statistical Analyses

The present data (mean +SEM) from the onset of
oestrus signs and duration of oestrus were analysed by
one-way analysis of variance (ANOVA). The analyses of
oestrus responses, pregnancy rate as well as lambing and
twinning rates were performed using Chi square test. A
95% confidence interval was used. Differences between
the synchronisation groups were considered statistically
different, using the least significant difference (P<0.05).
Minitab statistical software programme (MINITAB, Version
11.2; Minitab Inc., Pennsylvania, USA) was used for all
statistical analyses.

RESULTS

According to our preliminary statistical analyses
(ANOVA), considering the breed as co-factor (Akkaraman vs.
Awassi), there were no significant differences in any of the
reproductive parameters studied. Therefore, all the animals
from the two breeds were considered as ‘fait-tailed ewes.

Considering the effect of different oestrus synchronisation
groups (Table 1), the onset of oestrus signs, duration of
oestrus, pregnancy and lambing rate of ewes were differed
significantly between the groups.

The onset of oestrus signs was significantly shorter
in the long-term FGA-PMSG group (Group 1) as compared
to those in other groups. Also, the duration of oestrus was
significantly shorter in the Ovsynch group (Group 3), as
compared to those in others.

Additionally, the rates of pregnancy and lambing were
significantly lower in the Ovsynch group as compared to
those in the long-term FGA-PMSG (Group 1) and short-
term FGA-PMSG groups (Group 2). The concerned rates of
Ovsynch and short-term FGA plus Ovsynch groups (Group 4)
both were also significantly lower than those in the long-
term and short-term FGA groups

Finally, for the twinning rates, the values in the Ovsynch
protocol were numerically lower as compared to those
in others.

DISCUSSION

Our findings indicated that the standard Ovsynch
programme was inferior to the conventional FGA-PMSG
based on the classical reproductive traits in ewes during
the breeding season.

The oestrus rate was relatively higher (87.5%) in the
short FGA plus Ovsynch-treated ewes than those (75-
82.4%) in other groups. So far, a high oestrus response
(75-100%) has been recorded with the FGA-PMSG 2",
Indeed, using the FGA-PMSG (control) herein, the oestrus
rate was 75%, similar to those (73-77%) in Menze and Dorset
ewes °22 A higher (up to 100%) rate was also reported
in other breeds '3, Different results might be related to
differences in the PMSG dose, the source of progesterone,
breed type, etc. The oestrus rate with the short FGA-PMSG
was 77.8%, similar to 83.3-88% in Awassi ?¥ and Ossimi
ewes 1, However, Martemucci and D’Alessandro 29, using
the Ovsynch in cross-bred Altamurana ewes in non-
breeding season reported a rather lower oestrus rate

Table 1. The effects of different oestrus synchronisation protocols upon the reproductive traits in fat-tailed ewes

Tablo 1.Yagli kuyruklu koyunlarda farkli senkronizasyon protokollerinin reprodtiktif parametreler iizerine etkileri

Synchronisation Groups* Statistics
Parameters Studied
Group 1 (n=20) | Group 2(n=18) | Group 3 (n=17) | Group 4 (n=16) | F-Ratio | PValue | Significance
Oestrus, % 75.0£9.9 77.7£10.1 82.3+9.5 87.5+8.5 0.32 0.812 N.S.
Interval to onset of oestrus*, h 37.2+1.7°2 49.7+1.3" 50.5+1.3° 51.0+0.8° 23.77 0.000 P<0.001
Duration of oestrus*, h 27.2+0.8° 27.0+0.8° 24.0+1.2° 27.8+0.8° 3.30 0.027 P<0.05
Pregnancy rate*, % 93.3+6.6° 85.7+£9.7° 42.8+13.72 57121377 4.51 0.007 P<0.01
Lambing rate¥*, % 93.3+6.6° 85.7+9.7° 35.7£13.3° 50.0+13.9° 6.24 0.001 P<0.001
Twinning rate¥, % 33.3£12.6 35.7+13.3 7.1+£7.1 214114 1.31 0.281 N.S.
* Group 1: “long-term FGA-PMSG”; Group 2: “Short-term FGA-PMSG"; Group 3: “Ovsynch”; Group 4: “Short-term FGA + Ovsynch”; * The number of treated
ewes and those in oestrus were 57 only; a total of 14 ewes (of 5, 4, 3 and 2 ewes from Group I-V, respectively) with no signs of oestrus were excluded from the
analyses; “® Means (+ SEM) having different superscripts within the same row are significantly different from each other (P<0.05); F-ratio: Frequency ratio;
P value: Probability value; Significance: Statistical significance; N.S.: not significant (P>0.05)
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(33%), as compared to that in our study (80%). The
low rates of oestrus reported might be due mainly to the
physiological status and breed type of ewes used therein.

Interval to onset of oestrus upon the sponge withdrawal
was markedly shorter in the long-term treatment as
compared to others. Herein, the oestrus interval with the
long-term FGA-PMSG was 37.2 h, similar to 38.1-44.7 h in
Awassi and Dorper ewes 2728, Small differences between the
durations might be related to a smaller number of animals,
shorter duration of sponge administration and a higher
dose of PMSG used in the latter . Herein, the interval was
49.7 h after the short-term FGA, similar to 46.2 h in a previous
study B%. However, higher times of 69-70 h 242 were also
reported elsewhere. Martemucci and D’Alessandro 129,
using the Ovsynch reported that the interval was 59 h,
while it was 50 h herein. Small differences of oestrus
intervals might be due to the individual ewes in different
breeds and to different management conditions used.

The duration of oestrus was shorter (24 h) in ewes
treated with the Ovsynch, as compared to the other
protocols. The durations of oestrus with both the FGA
protocols were similar to those in previous studies 2729,
However, the durations of oestrus observed (24-27.9 h)
were shorter than the 34.9 h in Awassi ewes %, but longer
than the 18.7 h in Dorper ewes 8, Differences might be
related mainly to the season as well as to other co-factors
(e.g. protocol, feeding, etc.).

The present results of long- or short-term FGA were
not markedly different based on the pregnancy, lambing
and twinning rates. Likewise, Ustuner et al.?¥ reported that
both the long- and short-term resulted in similar fertility
(22% vs. 20%, resp.) in Awassi ewes during the season.
By contrast, the short-term (6 d) treatment resulted in
a higher pregnancy rate due likely to the ovulation of
newly recruited growing follicles . Therein, however,
the rates of pregnancy and lambing with both durations
did not differ widely. Meanwhile, pregnancy and lambing
rates of Ovsynch, either alone or its combination with
short-term FGA, were markedly lower than the FGA-
sponge administrations, regardless of its duration. In
this respect, we simply consider that, the conventional
Ovsynch protocol originally developed for cattle species '
may be inappropriate for sheep. This could simply
be attributable to abrupt species differences in the
seasonality and durations of oestrus cycles (21 d vs. 16-
17 d) for cattle and sheep, respectively 2. Apparently, the
standard Ovsynch protocol should be modified for the
ewe, as having different follicular and luteal dynamics.
In a broader sense, the variations might also be due to
different synchronisation protocols, the type of hormones
and breed used B, In this respect, we considered that
progesterone-primed treatment would mimic the luteal
phase likely to be followed by the propagation of follicular
development upon the sponge withdrawal. Indeed, the
FGA-PMSG presumably ensure both an increase in the

number of females in oestrus # and the reduction of short
cycles especially in late breeders, as leading them to enter
into the breeding season more efficiently. In another study,
however, similar lambing rates (47-50%) were reported
with either the Ovsynch alone or its combination with the
short-term FGA 1'*31, This was also the case herein.

The higher pregnancy/lambing rates observed in
the FGA-PMSG based groups may be due to the PMSG
action. In fact, the Ovsynch protocol mainly acts as the
source of exogenous doubling GnRH (mainly provoking
the endogenous LH release), while the PMSG acts mainly
as the source of exogenous FSH that seems to be more
advantageous over the LH per se. It was thought that
the standard Ovsynch (injections on day zero-7-9) used in
ewes might be inappropriate, as reported elsewhere 19,
Hence, it would be logical that both different days of
the injections and the administrative sequence of GnRH
(before or after the FGA) should be studied further 16l
However, progesterone plus PMSG might be well enough
for stimulating the ovarian cycle, eventually leading to a
successful lambing at early, mid- or late in the breeding
season B,

Overall, the findings showed that different
synchronisation protocols could markedly alter the onset/
interval (shortest with the FGA-PMSG) and duration of
oestrus as well as the rates of pregnancy and lambing
(lowest with the Ovsynch) in fat-tailed ewes during the
breeding season. In that, however, there was only a
numerical (but not significant) improvement in reproductive
parameters (e.g. lambing) as compared to the standard
Ovsynch protocol studied herein. Hence, not only the
protocol itself but also the follicular/luteal dynamics should
be studied further for a better understanding of its in vivo
regulatory mechanisms of exogenous hormones in sheep.
Nevertheless, our study would provide some clues for the
future synchronisation trials in sheep. In this respect, we
might recommend some modifications (such as studying
the durations between GnRH and PGF,, administrations)
of present synchronisation protocols to achieve further
improvements in the ultimate fertility. Additionally, future
investigations of synchronisation with a higher number of
animals from other breeds should also comprise an early
determination of the plasma progesterone levels in- and
outside the breeding seasons.
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Summary

This study was designed to determine with stereological methods the number of axons in the sciatic nerve as a result of peripheral
nerve blockage following injection of lidocaine and prilocaine into hind limb muscle. Nine adult female Sprague-Dawley rats weighted
150-200 g were used in the study. Ketamine was employed intraperitoneal to the rats as 50 mg/kg. The prilocaine and lidocaine were
equally (5 mg/ml) injected to the left and right limbs of the 4 rats. As a control group, isotonic sodium chloride (0.9%) was performed
as 0.2 mlinto the extremities of the remaining 5 rats. When the application completed, surrounding muscles and soft tissues as well as
sciatic nerve were dissected as 0.5x1.0 cm length. In order to determine neurotoxic effects of lidocaine and prilocaine on sciatic nerve,
the number of axons was computed by unbiased stereological method. Following of the square root transformation, Mann-Whitney U
test was performed to compare groups. When the unbiased comparisons were executed to both groups, the effects of lidocaine and
prilocaine on sciatic nerve were found statistically non-significant.

Keywords: Axons number, Sterology, Rat, Sciatic nerve

Sican Siyatik Sinir Akson Sayisi: Stereolojik Bir Calisma

Ozet

Bu calisma, Lidokain ve prilokain’in arka ekstremite kasi enjeksiyonunu takiben olusan periferik sinir blokaji sonucunda siyatik
sinirde akson sayisini stereolojik metotlarla belirlemek icin planlandi. Bu calismada 150-200 g agirhginda dokuz adet Sprague-Dawley
tipi eriskin disi sican kullanildi. Sicanlara Ketalar 50 mg/kg intraperitoneal uygulandi. Dort adet disi sicanin sag ekstremitelerine esit
miktarda prilokain 5 mg/ml (0.2 ml) ve sol ekstremitelerine lidokain 5 mg/ml (0.2 ml) verildi. Kontrol grubu olarak %0.9 izotonik sodyum
klorlir kalan 5 adet sican ekstremitelerine 0.2 ml uygulandi. Uygulama sona erince cevre kas ve yumusak dokular siyatik sinir ile beraber
0.5x1.0 cm uzunlukta ¢ikarildi. Lidokain ve prilocainin siatik sinir Gizerine norotoksik etkilerini ortaya koymak icin tarafsiz stereolojik metod
ile akson sayisi hesaplandi. Bu 6zellik bakimindan denek ve kontrol gruplarini karsilastirmada karekok transformasyonu yapildiktan
sonra Mann-Whitney U testi kullanildi. Her iki grup arasinda yapilan karsilastirma tarafsiz stereolojik hesaplamalarla yapildiginda
sicanlara uygulanan Lidokain ve prilokain akut olarak siyatik sinir akson sayilarina etkileri istatistiksel olarak anlamli bulunmad:.

Anahtar sozciikler: Akson sayisi, Stereoloji, Rat, Siyatik sinir

INTRODUCTION

Regional anesthesia with a nerve -blocking is a useful  the least toxic of the amino-amide local anesthetics “*.,
technique for day-stay surgery to the hand ™. Regional  Peripheral nerve injury is a rare but sometimes has the

anesthetic techniques provide efficient postoperative  devastating complication of regional anesthesia.
analgesia 23, The most often used local anesthetics for

regional anesthesia in Europe is prilocaine and lidocaine. Neurotoxicity of local anesthetics per se is not new
They have a relatively short duration of action and are although it is largely ignored by clinicians . Laboratory
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evidence suggests that local anesthetic neurotoxicity is at
least partially dose and concentration dependent . Studies
of local anesthetic-induced nerve injury have eliminated
several possible mechanisms of toxicity. For example glucose
included in the local anesthetic solution is not neurotoxic
which suggests that toxicity results from an action of
the local anesthetic itself ®. Therefore we investigated
stereological the acute neurotoxic effects of lidocaine and
prilocaine on sciatic nerve using injection technique of
continuous peripheral nerve blockade.

MATERIAL and METHODS

Animals

This study was approved by the Animal Use Ethics
Commission from Ylzincl Yil University (2003/03-01).
Nine female rats (150-200 g) were kept in a standard plastic
cage on sawdust bedding in an air-conditioned room
(22°C) under a 12/12 h light/dark cycle and fed ad-libitum.

Chemicals

The animals were anesthetized by ketamine hydro-
chloric (50 mg/kg) intraperitoneally without muscle
relaxation and placed in prone position. The rats were
separated as a control (n=5) and experiment (n=4) groups.
Under the general anesthesia by using peripheric nerve-
stimulator (2 Hz and 0.3 ms B/Braun Stimuplex) and a
nerve stimulator needle (22 G x 2-0.7 x 50 mm) skin was
incised. Proximal hindlimb muscle and sciatic nerve were
exposed. The nerve catheters (20 gauges) were inserted
into the sciatic nerve sheaths and fixed bilaterally into two
extremities along the sciatic nerve trace. After this procedure
skin and subcutaneous tissue were closed by single stitches.

Four animals after placing the catheters were
administered lidocaine (5 mg/ml) in left side and prilocaine
(5 mg/ml) in right side with a rate of 0.2 ml for a total
period of 6 h by opening 1 mA. In control group (n=3) the
animals were treated with normal saline by same rate and
doses on both sides. After six hour from this procedure,
the sciatic nerve with 0.5x1.0 cm volume was cut out with
surrounding tissues by removing the stitches and with-
drawing the catheters. The animals were sacrificed.

Histological Analysis

The entire sciatic nerves were removed bilaterally en
bloc from all rats. The nerves were stretched to in situ
length by pinning onto a card and then fixed with 2.5%
glutaraldehyde in 0.1 M sodium cacodylate (pH 7.4) for 4-6 h
in 4°C. After fixation nerve samples about 0.5 cm long that
were taken from the nerves were rinsed in 0.1 M sodium
cacodylate (pH 7.4) twice. Specimens were post fixed in
1% osmium tetroxide for 1 h dehydrated in an ascending
alcohol series and propylene oxide took into for a 50:50
mixture propylene oxide and Epon 812 for 24 h. These

procedures were completed by embedding the tissues 48 h
in Epon Embedding Kit (Fluka Chemie Gmbt, Swithzerland).
Semi-thin and ultra-thin sections (of 1 mm and 90 nm
thickness. respectively) were cut by an ultramicrotome
(Super Nova Reichert-Yung, Austria) and stained with 1%
toluidine blue.

Stereology

Stereological analyses of sciatic nerves were done
according to principles described previously ©.. A manual
stereological workstation composed of a digital camera
(Nikon COOLPX5400, Tokyo, Japan) a manual dial indicator
controlled specimen stage and a light microscope (Nikon
Microphot-FX Tokyo. Japan) was used for axon number
counting "%, To obtain an estimation of total myelinated
axon number in an unbiased manner the axon profiles in
the nerve cross-section are sampled with equal probability
regardless of shape size orientation and location that means
each sampled item was selected with a systematic random
manner ", For this aim we used an area fraction approach
in the application area of unbiased counting frame was
900 mm?. A counting frame was placed on to a monitor
and the sampled area was chosen by a systematic uniform
random manner via dial indicator controlled specimen
stage. Meander sampling of each sectioned nerve profiles
was done in 70 um-70 pum step size in a systematic-random
manner. This ensures that all locations within a nerve
cross-section were equally represented and that all axon
profiles were sampled with an equal probability regardless
of shape size orientation and location 123,

Descriptive statistics were presented as Mean, Median
SD, Minimum and Maximum values for axon count. After
square-root transformation Mann-Whitney U test was used
to compare treatment and control groups for this trait 5%
values was considered to statistical significant; MINITAB
statistical pocket programmed was used for all statistical.

RESULTS

In our study axon number of sciatic nerve was observed
on histological sections from the region applied isotonic
injection in both treated and control groups. The neuro-
toxicity was not observed in both lidocain and prilocain
group statistically (P>0.05) (Table 1, Fig 1).

DISCUSSION

Peripheral nerve blockade with a local anesthetic
provides excellent pain relief but its clinical utility for the
treatment of acute or postoperative pain is sometimes
limited by a short duration of effect ™., After placing the
nerve catheter it is important to provide fast onset of the
block to improve the workflow within the operating theatre.
This aim can be reached by using a drug with fast onset 1",
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Table 1. Descriptive statistics of the axon number of the groups treated and control (P>0.05)

Tablo 1. Denek ve kontrol gruplarinin akson sayilarina ait tanimlayici istatistik (P>0.05)

Groups N Mean SE Mean StDev Minimum Median Maximum cv

Lidokain 4 59.74 3.67 7.34 52.70 58.10 70.07 0.1228
Control Left 5 69.53 5.38 12.03 55.46 76.93 80.32 0.1730
Control Right 5 70.09 4.12 9.20 58.75 71.42 83.19 0.1313
Prilokain 4 54.20 3.59 7.7 47.82 52.25 83.19 0.1323

40x (bar 25 um)

Local anesthetics are a group of drugs defined by their
ability to prevent sodium entry into axons thereby
preventing the generation of propagated action potentials in
axons. However they have other actions such as prevention
of axonal sprouting and effects on G-protein-coupled
receptors and on conductance of ions in addition to sodium
that might be important in the management of pain 7. The
transport of the amide local anesthetics such as lidocaine
and prilocaine is by passive diffusion this transport is
dependent on the pH across biological membranes
in the case of the amide local anesthetics. Higher
concentrations of the anesthetic will be found in the tissue
or compartment with lower pH '8,

Prilocaine is medium-long-acting local anesthetics with
a fast onset of action . Prilocaine stabilizes the neuronal
membrane by inhibiting the ionic fluxes required for the
initiation and conduction of impulses thereby effecting
local anesthetic action. Local anesthetics bind selectively
to the intracellular surface of sodium channels to block
influx of sodium into the axon ",

Studies of clinical adverse effects of intrathecal local
anesthetics suggest cauda equina syndrome results from
local anesthetic neurotoxicity ?%. Lidocaine toxicity is not

Fig 1. Cross-section of sciatic nerve

Sekil 1. Siyatik sinirin enine kesiti

100x (bar 25 pm)

the result of an immediate and irreversible breakdown in
the integrity of the plasma membrane as would be reflected
by a rapid and permanent loss in membrane potential.
The mechanism of the lidocaine-induced depolarization
currently is unknown but may reflect the simultaneous
blockade of ion channels and pumps responsible for the
maintenance of neuronal resting potential 2",

Peripheral nerve injury is occurs as a complication
of regional anesthesia. Ischemia is one of the causative
mechanisms. This may result from changes in peripheral
blood flow caused by the local anesthetic itself and/or a
vasopressor adjuvant. Peripheral nerves have a dual blood
supply of intrinsic exchange vessels in the endoneurium
and an extrinsic plexus of supply vessels in the epineurial
space that crosses the perineurium to anastomose with
the intrinsic circulation. The extrinsic supply is known to
be responsive to adrenergic stimuli 22,

Persistent reductions in peripheral nerve blood flow
(NBF) can lead to pathological changes in the structure of
nerve fibers and their supporting cells 3.

The intravenous regional anesthesia (IVRA) is a
technique suitable for hand and forearm surgery and
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safe when performed with care by expert practitioners.
The most often used local anaesthetic for IVRA in Europe
is prilocaine. It has a relatively short duration of action
similar to that of lidocaine ¥ and is the least toxic of the
amino-amide local anesthetics !,

Although the axonal membrane repolarizes after wash
of lidocaine an irreversible conduction block was observed
in axons after 3 min exposure of the axon to lidocaine
at concentrations as low as 40 mM B4, Concentration
dependence of lidocaine induced irreversible conduction
loss. That we observed recovery of soma action potential
after exposure of DRG neurons to even higher concentrations
of lidocaine raises the possibility that different mechanisms
underlie neuronal death and loss of conduction. Because
an increase [Ca**] can disrupt cytoskeleton 2*2% and
disruption of cytoskeleton can decrease excitability 7.
Lidocaine-induced increase in [Ca**] possibly could
contribute to both cell death and long-lasting conduction
failure. Regional anesthesia-induced nerve injury may
in fact require a combined mechanical and chemical
insult 28,

In rat sciatic nerve relative neural toxicity and relative
motor nerve conduction blockade were assessed for two
amide-linked local anesthetics (etidocaine and lidocaine)
and two ester-linked local anesthetics (chloroprocaine and
procaine). The nerve fiber injury and edema were assayed
by light microscopic examination of nerve tissue sampled
two days after perineural (next to the sciatic nerve)
injection of various concentrations of the local anesthetics.
Both nerve injury and edema increased with concentration
of local anesthetics but injury was frequently present in
nerve fascicles with little or no edema. In previous studies
the amplitude of the electrical activity elicited from the
interosseous muscles of the foot following ipsilateral
electrical stimulation at the sciatic notch was monitored
for up to are minutes to assess the extent of motor nerve
blockade. The resulting low concentration-response curves
were analyzed for differences in potency. Both for injury and
for conduction block the order of decreasing potency was
etidocaine, lidocaine, chloroprocaine and procaine. These
results are not consistent with the proposal that ester-
linked agents are more likely than other local anesthetic
agents to cause nerve injury @9, With specific regard to
lidocaine neurotoxicity an irreversible block of impulse
conduction was induced in the frog sciatic nerve within a
clinical concentration range of 1% to 2% lidocaine 2%. In
rats increasing doses of intrathecal 5% hyperbaric lidocaine
resulted in persistent sacral sensory deficits associated
with motor weakness B%. All axons counts were based on
the gold standard 3" and fractionators technique '>3%,

In conclusion we found that the comparison between
the infusion of lidocaine and/or prilocaine and the placebo
showed no significant difference in the histological axon
numbers (P>0.05).
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Summary

This experiment was conducted to investigate the impacts of prebiotic on humoral and cell-mediated immune responses of broilers under
combined stresses caused by feed restriction and Salmonella enteritidis challenge. 320 male broilers (Ross 308) at a 23 factorial arrangement
in randomized complete block design were divided into 8 treatment groups with 4 replicates per each. The Impact of these factors and their
interaction on cell-mediated immune response to cutaneous basophil hypersensivity (CBH) test, antibody titer response against Newcastle
disease virus (NDV) and sheep red blood cell (SRBC), and the relative weight of lymphoid organs were measured. Prebiotic caused an increase
and feed restriction caused a decrease in cell-mediated immune responses on days 15 and 30 respectively, and interaction among the factors
was differ (P<0.05). Also, factors’ interaction had a significant effect on antibody titer response against NDV (P<0.05) at day 27. Salmonella and
feed restriction significantly reduced the relative weight of thymus at day 21 and bursa of Fabricius at day 42, respectively (p < 0.05). Differences
among other measured parameters were not significant (P>0.05).

Keywords: Prebiotic, Feed restriction, Salmonella, Humoral immune response, Cell-mediated immune response

Prebiyotik ilavesinin Yem Kisitlamasi ve Salmonella enteritidis
inokulasyonu ile Kombine Stres Altindaki Broylerlerde Sivisal ve
Hiicresel immun Yanit Uzerine Etkileri

Ozet

Bu calisma, prebiyotik ilavesinin yem kisitlamasi Salmonella enteritidis inokulasyonu ile kombine stres altindaki broylerlerde sivisal ve
hiicresel immun yanit Gzerine etkileri arastirmak tzere gerceklestirildi. Rastgele tam blok tasarim icinde 23 faktoriyel diizenlemede 320 erkek
boyler (Ross 308) 4 tekrar olmak tizere 8 tedavi grubuna béliindi. Bu faktorlerin ve onlarin etkilesiminin hiicresel immun cevap tzerin etkilerini
belirlemek tizere kutan6z bazofil asir duyarlilik testi (CBH), Newcastle hastaligi (NDV) virlisi ve koyun eritrositlerine (SRBC) karsi gelisen antikor
titreleri ve lenfoid organlarin géreceli agirliklari belirlendi. Hiicresel immun yaniti prebiyotik 15. ginde arttirirken yem kisitlamasini 30.glinde
azalttigi ve faktorler arasi etkilesimin fakli (P<0.05) oldugu gozlemlendi. Ayrica, faktorlerin etkilesiminin 27. glindeki NDV'ye karsi gelisen antikor
titresinin gelisimi lzerine dnemli etkisinin (P<0.05) oldugu belirlendi. Salmonella ve yem kisitlamasinin, timus ve bursa fabricius'un géreceli
adirhgini, sirastyla 42. ve 21. glinde azalttigi belirlendi (P<0.05). Diger Ol¢llen parametreler arasinda farkhlklar anlamli bulunmadi (P>0.05).

Anahtar sozciikler: Prebiyotik, Yem kisitlamasi, Salmonella, Sivisal bagisiklik cevabi, Hiicresel bagisiklik cevabi

INTRODUCTION

In recent years, feed restriction has been used for feeding period on the base of compensatory growth. It has
improving broilers’ performance and their carcass quality. been reported that decrease in broilers’ primary growth
One of the common methods is restriction in the starter  reduces the rate of metabolic reactions; therefore there
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is less need to oxygen, and the metabolic disorders such
as ascites and SDS (sudden death syndrome) resulted
from fast growth are prevented ™. Beside the advantages,
feed restriction has some disadvantages too. Limitations
in access to food make stress for the chickens, and this
stress changes the microbial population of their gut. It has
been shown that hunger in birds reduces the amount of
Lactobacilli spp. in the crop . Also there are reports on the
suppressing effects of feed restriction on some immune
system parameters in chickens 34,

Furthermore, broilers commonly meet several internal
and external stressors like stocking density, temperature,
transportation, feed contamination and microbial
infections . Among the microbial infections, Salmonella
spp. is one of the main, and it is the leading cause of human
food-borne infections associated with consumption of
poultry products in the world .

The reduced immunocompetence caused by feed
restriction beside the effects of bacterial enteric pathogens
like Salmonella spp. make severe stresses in broilers. In
such a condition, using additives such as prebiotics for
improving the immune function and gut microflora is
helpful. Prebiotics beneficially affect the host by making
changes in the population of gut microflora in favor of
useful bacteria ' as well as increasing its humoral and cell-
mediated immune responses ®. In addition, prebiotics
help the host resist against the bacterial infections .

Several studies have been done on the useful effects
of prebiotics on infections "' and the negative effects
of feed restriction on immune system B4, Gursoy et al.'?
reported that exposure to combined stresses may have
synergistic, additive, or adaptive effects on the immune
system parameters. In the literature, there was no report
concerning the effect of dietary prebiotic on immune
responses of broilers under combined stresses caused
by infection and feed restriction. Therefore, our purpose
in this study was to investigate the effect of prebiotic
supplementation on immune system parameters of broiler
chickens under feed restriction and Salmonella challenge.

MATERIAL and METHODS

Birds, Diets, and Management

Three hundred twenty 1-d-old male broilers (Ross
308) were obtained from a commercial hatchery. At a 23
factorial arrangement in randomized complete block
design, they were divided into 8 treatment groups with 4
replicates and 10 broilers in each replicate, and were then
put in special cages. Environmental temperature in the
first week of life was 32°C and decreased to 20°C until the
end of the experiment. During the first week, 22 h of light
was provided with a reduction to 20 h afterward. Chickens
had access to ad libitum water and a diet based on corn

and soybean meal which provided 3.000 kcal/kg ME and
21.7% CP up to day 21, and 3075 kcal/kg ME and 19.25%
CP from day 21 to day 42.This basal diet was unmedicated.

Prebiotic Supplementation

The prebiotic was gained from TechnoMOS (Biochem,
Lohne, Germany). It was used at the amount of 0.1% of
the diet. This product consists of mannanoligosaccharide
(MOS) and (-1,3-Glucan and has been obtained from
Saccharomyces cerevisiae.

Feed Restriction Procedure

From day 7 to day 14, the daily feed intake of the groups
getting ad libitum consumption was measured, and 80%
of this feed was given to feed restricted treatment groups
the next day.

Salmonella Culturing, Counting and Challenge

Salmonella enteritidis (PTCC 1709) was provided freeze-
dried from the Persian Type Culture Collection (IROST,
Tehran, Iran) isolated from the liver of chickens. Freeze-
dried inoculum was grown in nutrient broth media at 37°C
for 8 h and passed to fresh nutrient broth for 3 incubation
periods. Counting colony-forming units (cfu) was done
with Neobar lam at day 10. After counting, chickens in the
challenged groups received 2.6x10° cfu/chick of passaged
medium through oral gavage with utilizing micropipette
on the same day.

Treatment Groups

The treatment groups included 1. a control group with
no supplementation and challenge, 2. a group under feed
restriction (Control + R), 3. a Salmonella challenged group
(Control + S), 4. a group under feed restrictin and Salmonella
challenge (Connrol + R + S), 5. a prebiotic treated group,
6. a prebiotic treated and feed restricted group (Prebiotic
+ R), 7. a prebiotic treated under Salmonella challenge
(Prebiotic + S), 8. a prebiotic treated under feed restriction
and Salmonella challenge (Prebiotic + R + S).

Immunological Tests

Cell-mediated immune response was assessed according
to the method of Corrier and DeLoach [ by a cutaneous
basophil hypersensivity (CBH) test using phytohem-
agglutinin P (PHA-P) produced by Gibco company (Gibco,
Invitrogen Corporation, Scotland, UK). At days 15 and
30, the toe web of the right foot (2 chickens per pen)
was measured with a Caliper with an accuracy of 0.01
mm. Immediately after measurement, 100 pg of PHA-P
(suspended in 0.1 mL of PBS) was injected into the toe web.
The toe web swelling was measured 24 h after injection.
The response was measured by subtracting the skin
thickness of the first measurement from the skin thickness
24 h after dermal injection. At day 7, vaccination against
Newcastle disease virus (NDV) was done by instilling
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B1 strain of NDV (Intervet International BV, Boxmeer,
Netherlands) in the chickens’ eyes, and 2 birds per each
pen were injected in breast muscle by 0.1 ml of 5% sheep
red blood cell (SRBC) diluted in PBS. The chickens were
bled from the wing vein at days 17 and 27, and sera
were collected individually in separate sterile vials. The
hemagglutination inhibition and hemagglutination tests
were done to determine the antibody titer response against
NDV " and SRBC ', respectively.

At days 21 and 42, a chicken from each replicate pen
was weighed and then killed by cervical cutting. Carcasses
were dissected immediately after euthanasia. Thymus,
bursa of Fabricius, and spleen were then precisely removed
and weighed separately on a sensitive digital scale.

Statistical Analysis

All data were subjected to GLM procedures of SPSS
version 18 software as a 23 factorial arrangement of
treatments in randomized complete block design that
included prebiotic supplementation, feed restriction and
Salmonella challenge as the main factors and their respective
interactions. The treatment means were compared by
Duncan’s multiple range tests. Probability values of less
than 0.05 (P<0.05) were considered significant.

RESULTS

As it is shown in Table 1, there were significant differences
among treatments regarding the cell-mediated immune

response to CBH test (P<0.05). Prebiotic caused an increase
at day 15, and feed restriction caused a decrease at day 30 in
toe web thickness, and interaction among the factors was
significant (P<0.05). There were no significant differences
among treatments and factors’ interaction regarding
antibody titer responses against SRBC at days 17 and 27,
and to NDV at day 17 (P>0.05); but there were significant
differences among factors’ interaction regarding antibody
titer response against NDV at day 27 (P<0.05).

Table 2 shows the relative weight of lymphoid organs
at days 21 and 42. Salmonella challenge had a significant
effect on thymus relative weight at day 21 (P<0.05). Feed
restriction significantly reduced the bursa of Fabricius at day
42 (P<0.05). There were no significant differences among
treatments and factors’ interaction regarding relative
weight of spleen at days 21 and 42 (P>0.05).

DISCUSSION

In this study, prebiotic had advantageous and feed
restriction had disadvantageous effects on cell-mediated
immune response to PHA-P injection. Savino B! expressed
that sever feed restriction can cause significant decrease of
mitogenic lymphocyte responses in vitro. Also in the study
done by Hangalapura et al.™, feed restriction reduced
cell-mediated immune response which is likely because
the cellular components of immune system are energy
demanding. Savino and Dardenne ¥ reported that infections
as well as malnutrition can cause thymus atrophy leading

Table 1. Cell-mediated immune response to PHA-P, and antibody titer response against NDV and SRBC

Tablo 1. PHA-‘ye karsi hticresel immun yanit ve NDV ve SRBC'ye karsi antikor yaniti

CBH' Test (mm) Antibody Titer (log,) Against NDV?> | Antibody Titer (log,) Against SRBC®
Treatment
Day 15 Day 30 Day 17 Day 27 Day 17 Day 27
Control 0.643b¢ 0.580< 3.25 4.625%® 2 25
Control + R* 0.6952b¢ 0.528¢ 25 5.250° 2 3
Control + $° 0.783% 0.888° 3.75 5.625° 1.25 3.5
Control +R+S 0.480¢ 0.503¢ 3.25 3.250° 2.25 3.375
Prebiotic 0.905° 0.843%* 3.25 5.000° 2 2.625
Prebiotic + R 0.693%< 0.530¢ 3.25 4.500% 25 35
Prebiotic + S 0.840* 0.728%¢ 3 4.750° 2 35
Prebiotic+ R+ S 0.890° 0.663° 2.75 4.875° 25 3.625
SEM 0.052 0.043 0.412 0.458 0.330 0.592
P-value
Prebiotic 0.002 0.135 0.672 0.775 0.122 0.607
Restriction 0.061 0.001 0.212 0.116 0.043 0.421
Salmonella 0.786 0.093 0.672 0.506 0.597 0.171
PxRxS® 0.007 0.003 0.672 0.011 0.296 0.941
1. Cutaneous basophil hypersensitivity reaction to phytohemagglutinin P injection into the toe web skin, and measured as skin swelling before and after
injection, 2. Antibody response against Newcastle disease viris, 3. Antibody response against Sheep Red Blood Cell, 4. Restriction in feed, 5. Salmonella
challenge, 6. Interaction among prebiotic, feed restriction and Salmonella challenge, “*<¢ Within the same column, means with different superscripts are
significantly differ (P<0.05)
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Table 2. The relative weights (% of live BW) of lymphoid organs at days 21 and 42

Tablo 2. 21. ve 42. giinlerde lenfoid organlarin géreceli (% canli agirliga gore) agirligi

Day 21 Day 42

Treatment Bursa (%) Thymus (%) Spleen (%) Bursa (%) Thymus (%) Spleen (%)
Control 0.213 0.373° 0.078 0.220° 0.218 0.125
Control +R' 0.250 0.263%* 0.075 0.188* 0.193 0.110
Control + S? 0.268 0.288%° 0.075 0.228° 0.275 0.120
Control +R+S 0.208 0.258* 0.085 0.140% 0.140 0.133
Prebiotic 0.243 0.363* 0.080 0.223° 0.165 0.118
Prebiotic + R 0.218 0.323% 0.075 0.1802¢ 0.188 0.110
Prebiotic + S 0.260 0.228° 0.083 0.218° 0.210 0.105
Prebiotic + R+ S 0.253 0.310%® 0.083 0.125¢ 0.200 0.105
SEM 0.023 0.042 0.011 0.018 0.043 0.013

P-value

Prebiotic 0.596 0.726 0.081 0.566 0.610 0.198
Restriction 0.407 0.424 0.935 0.001 0.235 0.793
Salmonella 0.329 0.04 0.570 0.065 0.610 1.00
PxRxS? 0.91 0.726 0.807 0.923 0.527 0.601

1. Restriction in feed, 2. Salmonella challenge, 3. Interaction among prebiotic, feed restriction and Salmonella challenge, **< Within the same column, means

with different superscripts are significantly differ (P<0.05)

to decrease in cellular immune response mediated by
T-cells. As Hooge """ expressed, MOS advantages are more
noticeable in stressor conditions which is in agreement
with our findings showing that MOS increased cell-
mediated immune response against the stresses caused by
feed restriction and Salmonella challenge. The mechanism
of prebiotic’s function in immunity regulation is not yet
exactly known. But some studies show that Salmonella
infections stimulate inflammatory cytokine, interleukin-1
production %" Furthermore, MOS can competitively
adsorbs pathogens from mannose and prevent their
attack to gut epithelium U'8; this can cause increase in
energy intake which is helpful in cell-mediated immunity.

Antibody titer responses against NDV had significant
differences among treatment groups at day 27. The group
under feed restriction and Salmonella challenge had the
least antibody titer response against NDV and its difference
with the group which was supplemented with prebiotic
under the same condition, was significant. This indicates
the advantageous effect of prebiotic on immunity in
agreement with Alavi et al.™, but in contrast with Silva et
al.?? findings. Also, Fanoosi and Torki 2" did not observe
any decrease in antibody titer response against NDV under
10% feed restriction, but Jahanpour et al.?) reported that
feed restriction as amount as 75% standard catalogue
during days 8 to 14 decreased antibody titer response
against NDV. There was no significant difference among
treatments regarding antibody titer response against
SRBC. Khalaji et al.?®! and Hangalapura et al.* found similar
results using prebiotic in broilers and feed restriction in
line chickens respectively; but Khajavi et al.?¥ reported

that antibody titer response increased against SRBC under
moderate feed restriction in broilers which is in contrast
with Jahanpour et al?Z who reported that feed restriction
as amount as 75% standard catalogue during days 8 to 21
decreased antibody titer response against SRBC. Riberio
et al.?® expressed that prebiotic effect on IgG against
Salmonella enteritidis is not significant in broilers; whereas
Cetin et alP® and Woo et al?” indicated that IgG level
increases by MOS supplementation in turkeys and layers
respectively. These contradictions might be because of
differences in strain and age of the birds, the prebiotic
type, feed restriction severity and intensity of exposure to
Salmonella. However it seems that stresses and nutrient
intake decrease have less suppressive effect on humoral
immunity than on cell-mediated immunity.

There was a significant difference regarding the relative
weight of thymus at day 21 among treatments. The
treatment group with prebiotic under Salmonella challenge
had the least relative weight of thymus. The significant
difference between this treatment and the control
treatment indicates that despite using prebiotic, Salmonella
caused a decrease in the weight of thymus. Savino and
Dardenne " expressed that infections cause thymus
gland Atrophy. At day 42, the relative weight of bursa of
Fabricius had a significant difference among treatments.
The treatment group under prebiotic supplementation,
restriction and Salmonella challenge had the least
relative weight of bursa of Fabricius. Feed restriction and
Salmonella infection stresses might be the main reason of
decrease in the relative weight of this lymphoid organ. The
plasma corticosterone level can increase because of feed
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restriction ¥ and microbial challenge ¥ stresses. The high
level of plasma corticosterone can cause a decrease in the
immunpcompetance and the weight of lymphoid organs.

The results of this study show that using prebiotics
during combined stresses can have some advantages in
broilers. Although feed restriction has beneficial effects
on broilers, its suppressive impact on immunity system
especially when used severely must be considered.
These suppressive impacts are more noticeable in cell-
mediated immunity than humoral immunity, because
the cellular immunity components are more sensitive to
energy demand. Therefore, prebiotics are helpful in such a
condition as well as in Salmonella infections.

REFRENCES

1. Acar N, Sizemore FG, Leach GR, Wideman RF, Owen JRL, Barbat GF:
Growth of broiler chickens in response to feed restriction regimens to
reduce ascites. Poult Sci, 74 (5): 833-843, 1995.

2. Hinton A, Buhr RJ, Ingram KD: Physical, chemical and microbiological
changes in the crop of broiler chickens subjected to incremental feed
withdrawal. Poult Sci, 79 (2): 212-218, 2000.

3. Savino W: The thymus gland is a target in malnutrition. Eur J Clin Nutr,
56 (3): S46-549, 2002.

4. Hangalapura BN, Nieuwland MGB, Reilingh GDV, Buyse J, Brand
HVD, Kemp B, Parmentier HK: Severe feed restriction enhances innate
immunity but suppresses cellular immunity in chicken lines divergently
selected for antibody responses. Poult Sci, 84 (10): 1520-1529, 2005.

5. Kang SY, Ko YH, Moon YS, Sohn SH, Jang IS: Effects of the combined
stress induced by stocking density and feed restriction on hematological
and cytokine parameters as stress indicators in laying hens. Asian-Aust J
Anim Sci, 24 (3): 414-420, 2011.

6. van Immerseel F, Cauwerts K, Devriese LA, Haesebrouck F,
Ducatelle R: Feed additives to control Salmonella in poultry. World Poult
SciJ, 58 (4): 501-513, 2002.

7.Gibson GR, Roberfroid MB: Dietary modulation of the human colonic
microbiota: Introducing the concept of prebiotics. J Nutr, 125 (6): 1401-
1412, 1995.

8. Kim GB, Seo YM, Kim CH, Paik IK: Effect of dietary prebiotic
supplementation on the performance, intestinal microflora, and immune
response of broilers. Poult Sci, 90 (1): 75-82,2011.

9. Patterson JA, Burkholder KM: Application of prebiotics and probiotics
in poultry production. Poult Sci, 82 (4): 627-631, 2003.

10. Maassen CB, van Holten-Neelen C, Balk F, den Bak-Glashouwer
MJ, Leer RJ, Laman JD, Boersma WJ, Claassen E: Strain-dependent
induction of cytokine profiles in the gut by orally administered
Lactobacillus strains. Vaccine, 18 (23): 2613-2623, 2000.

11. Swaggerty CL, Kaiser P, Roththwell L, Pevzner 1Y, Kogut MH:
Heterophil cytokine mRNA profiles from genetically distinct lines of
chickens with differential heterophil-mediated innate immune responses.
Avian Pathol, 35 (2): 102-108, 2006.

12. Gursoy E, Cardounel A, Hu Y, Kalimi M: Biological effects of long-
term caloric restriction: Adaptation with simultaneous administration of

caloric stress plus repeated immobilization stress in rats. Exp Biol Med, 226
(2):97-102, 2001.

13. Corrier DE, DeLoach JR: Evaluation of cell-mediated, cutaneous
basophil hypersensivity in young chickens by aninterdigital skin test.
Poult Sci, 69 (3): 403-408, 1990.

14. Marquardt WW, Synder DB, Savage PK, Kadavil SK, Yancey FS:
Antibody response to Newcastle disease virus given by two different
routes as measured by ELISA and hemagglutination-inhibition test and
associated tracheal immunity. Avian Dis, 29 (1): 71-79, 1985.

15. Wegmann T, Smithies O: A simple hemagglutination system
requiring small amounts of red cells and antibodies. Transfusion, 6 (1): 67-
75, 1966.

16. Savino W, Dardenne M: Nutritional imbalances and infections affect
the thymus: consequences on T-cell-mediated immune responses. Procee
Nutr Society, 69 (4): 636-643,2010.

17. Hooge DM: Meta-analysis of broiler chicken pen trials evaluating dietary
mannanoligosaccharide, 1993-2003. Int J Poult Sci, 3 (3): 163-174, 2004.

18. Fernandez F, Hinton M, van Gils B: Dietary mannan-oliogosaccharides
and their effect on chicken caecal microflora in relation to Salmonella
enteritidis colonization. Avian Pathol, 31 (1): 49-58, 2002.

19. Alavi SAN, Zakeri A, Kamrani B, Pourakbari Y: Effect of prebiotics,
probiotics, acidfire, growth promoter antibiotics and synbiotic on humural
immunity of broiler chickens. Global Veterinaria, 8 (6): 612-617,2012.

20. Silva VK, da Silva JDT, Torres KAA, de Faria Filho DE, Hada FH, de
Moraes VMB: Humoral immune response of broilers fed diets containing
yeast extract and prebiotics in the prestarter phase and raised at different
temperatures. J Appl Poult Res, 18 (3): 530-540, 2009.

21. Fanooci M, Torki M: Effects of qualitative dietary restriction on
performance, carcass characteristics, white blood cell count and humoral
immune response of broiler chicks. Global Veterinaria, 4 (3): 277-282,
2010.

22, Jahanpour H, Seidavi A, Qotbi AAA: Effects of intensity and duration
of feed quantitative restriction on broiler immune system. Annals Bio Res,
3 (6): 2656-2661, 2012.

23. Khalaji S, Zaghari M, Nezafati S: The effects of mannan-oligo-
saccharides on cecal microbial populations, blood parameters, immune
response and performance of broiler chicks under controlled condition.
AfrJ Biochem Res, 5 (5): 160-164, 2011.

24. Khajavi MS, Rahimi S, Hassan ZM, Kamali MA, Mousavi T: Effect
of feed restriction early in life on humoral and cellular immunity of two
commercial broiler strains under heat stress conditions. Br Poult Sci, 44 (3):
490-497, 2003.

25. Ribeiro AML, Vogt LK, Canal CW, Cardoso MR, Labres RV, Streck
AF, Bessa MC: Effects of prebiotics and probiotics on the colonization
and immune response of broiler chickens challenged with Salmonella
enteritidis. Brazil J Poult Sci, 9 (3): 193-200, 2007.

26. Cetin N, Guclu BK, Cetin E: The effect of prebiotics and mannan-
oligosaccharide on some haematological and immunological parameters
in turkey. J Vet Med A, 52 (3): 263-267, 2005.

27. Woo KC, Kim CH, Paik IK: Effects of supplementary immune
modulators (MOS, Lectin) and organic acid mixture (organic acid F, organic
acid G) on the performance, profile of leukocytes and erythrocytes, small
intestinal microflora and immune response in laying hens. Kor J Anim Sci
Technol, 49 (4): 481-490, 2007.

28. Khansari DN, Murgo AJ, Faith RE: Effects of stress on the immune
system. Immunol Today, 11 (5): 170-175, 1990.



Kafkas Univ Vet Fak Derg

JournAL Home-PacE: http://vetdergi.kafkas.edu.tr
19 (4): 647-653, 2013 ONLINE Susmission: http://vetdergikafkas.org RESEARCH ARTICLE
DOI: 10.9775/kvfd.2013.8600

Effects of Low Doses of Bisphenol A on Primordial Germ Cells in
Zebrafish (Danio rerio) Embryos and Larvae 'Z]

Cansu AKBULUT '~ CagdhanKIZIL2  Nazan Deniz YON !

[1] This study was supported by Research Foundation of the Sakarya University, Project Number: 2012-02-20-014
[2] This study was presented in XI. National Histology and Embryology Congress, 16-19 May 2012, Denizli- TURKEY

' Sakarya University, Department of Biology, TR-54187 Serdivan, Sakarya - TURKEY
2 DFG-Center for Regenerative Therapies Dresden, Cluster of Excellence (CRTD) and Biotechnology Center, Technische
Universitat Dresden, DE-01307 Dresden - GERMANY

Makale Kodu (Article Code): KVFD-2013-8600

Summary

Primordial germ cells are the precursors of gametes in sexually reproducing organisms. The migration and homing process of primordial
germ cells are prone to environmental effects and the endocrine system hormones. One of the environmental pollutants which humans are
exposed to is bisfenol A (BPA). BPA which is an endocrine disrupter generally used for making plastics harder. In this study we investigated
the effects of low doses of BPA (4 mg/L and 8 mg/L) on primordial germ cells at the zebrafish embryos and larvae. Whole mount in situ
hybridization for germ cell marker gene vasa showed that upon exposure to BPA, the primordial germ cell number increased and these
cells ectopically localized outside the normal germ cell niche in zebrafish. Migration of primordial germ cells into ectopic locations and
morphological changes in these cells were also proved by histological studies. Additionally, results of acridine orange staining to detect
apoptotic cells showed that low doses of BPA did not increase apoptosis. Results of the present study showed that low doses of BPA
exposure increased the number of primordial germ cells and induced ectopic primordial germ cell localization in the zebrafish embryos.

Keywords: Zebrafish, Primordial germ cell, Bisphenol A

Diisiik Dozlardaki Bisfenol A'nin Zebra Balig:
(Danio rerio) Embriyo ve Larvalarinda Primordiyal
Germ Hiicreleri Uzerine Etkisi

Ozet

Primordiyal germ hiicreleri, eseyli tGreyen canlilarda gametlerin dnciil hiicreleridir. Endokrin sistem hormonlari ve cevresel etkenler,
primordiyal germ hiicrelerinin géciinii etkilemektedir. insanlarin maruz kaldigi cevresel kirleticilerden biri de bisfenol A (BPA)'dir. Endokrin
sistemde hasar olusturan biri olan BPA, genellikle plastik sertlestirme isleminde kullaniimaktadir. Bu ¢alismada zebra baligi embriyo ve
larvalarinda dusiik dozlardaki (4 mg/L and 8 mg/L) BPA'nin etkileri incelenmistir. Bir germ hiicresi belirteci gen olan vasa ile yapilan whole
mount in situ hibridizasyon deneyleri sonucunda BPA'nin primordiyal germ hiicre sayisinda artisa sebep oldugu ve bu hiicrelerin gé¢
yolu disindaki (ektopik) bolgelerde bulundugu tespit edilmistir. Primordiyal germ hiicrelerinin ektopik bolgelere g¢il ve bu hiicrelerdeki
morfolojik degisiklikler histolojik ¢alismalarla da dogrulanmistir. Buna ek olarak, dustik dozlariyla yapilan boyamalarda apoptozisin tespitinde
kullanilan akridin turuncusu boyamasi sonucunda BPA'nin apoptozisi artirmadidi saptanmistir. Bu ¢alisma sonuglari, disiik dozlardaki
BPA'nin primordiyal germ hiicre sayisini artirdigini ve bu hiicrelerin ektopik bolgelere go¢ etmesine yol actigini ortaya koymaktadir.

Anahtar sozciikler: Zebra Baligi, Primordiyal germ hiicresi, Bisfenol A

INTRODUCTION

Primordial germ cells (PGCs) constitute an embryonic  permanence of the species and are crucial for the
cell type that migrate to gonadal precursors and form  development of a new organism in the next generation ™.
the gametes. Thus PGCs are the cells that provide the In many organisms PGCs are specified during early
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embryonic development and they contain germ granules 27,

PGC migration must be finely regulated as it follows a
complex pathway through various developing tissues .
The ultimate location of PGCs in zebrafish is between the
endodermal cells the yolk sac which are close to allantois,
at early stages of the embryonic development . They
migrate into dorsal mesentery and reaches in the gonad
primordia with amoeboid movements. The pathway which
PGCs follows defined as “gonadal pathway” "3, PGC
migration in zebrafish takes place during the first 24 h of
the embryonic development '+,

In zebrafish, germ line lineage can be traced throughout
embryogenesis by means of transcripts of vasa " which
is a gene that is first identified in Drosophila melanogaster
as a maternal determinant of germ cell formation "', In
zebrafish, vasa is a molecular marker for PGC 929, Vasa
protein can be detected in the germline cells in early
embryos, because that it specifically located into polar
granules, which are located where the germ cells are
specified. PGCs are specified at four positions along the
margin of the blastodisc and start migrating dorsally during
gastrulation "%, PGCs move towards the intermediate
targets around somites 1-3 at 10.5 h post fertilization (hpf),
and subsequently to the final target region at the level
of somites 8-10 at 13 hpf. At 24 hpf, PGCs localize to the
junction between the yolk ball and yolk extension in the
gonadal region, forming compact clusters 1.,

Several chemicals or environmental pollutants can
cause cellular damage in PGCs which has ramifications in
different diseases/disorders in organisms "2, Therefore,
investigating the migratory behaviour and regulations
of PGCs is an intriguing biological question. Additionally,
human are exposed to many of the environmental toxicants
everyday. Information obtained from experiments on the
reproductive systems of the experimental animals can
provide important findings about the impact of humans.

Endocrine disrupting chemicals (EDCs) are compounds
in the external environment that modulate the physiology
of the endocrine system and often cause health disorders %,
Bisphenol A (2 bis(4-hydroxiphenyl) propane, BPA) is one
of the most potent endocrine disrupting chemicals which
mimics estrogen in vivo and in vitro ¥ and therefore is
classified as xenoestrogen. BPA is widely used in industry
for making plastics harder. It's found in polycarbonate
plastics (baby feeding bottles, carboys) ! and inside of
epoxy coated cans ¢, With the increasing usage of these
materials in daily life, humans are exposed to BPA in an
escalating manner, which could cause endocrine disorders.
High concentrations of estrogens stimulate PGC growth
in vitro through the somatic cells of the gonadal ridges 7.
BPA acts by several different mechanisms to perturb the
early stages of oogenesis and also affects primordial germ
cells, by influencing mitotic proliferation and the timing of
meiotic entry 28,

Duan and Zhu #% investigated the toxicity of BPA on
the growth of zebrafish embryos and found the median
embryo lethal concentration (LC50) for 24 h as 16.36+0.40
mg/L. They also mentioned that all embryos died at 25
mg/L dose at 24 hpf. So in the present study, doses were
chosen according to LC50 value of bisphenol A on zebrafish
embryos. We carried out zebrafish embryos 4 mg/L and 8
mg/L BPA and investigated the effects on primordial germ
cells of the zebrafish embryos. In 24hpf zebrafish embryos
we determined the location of PGCs with whole mount in
situ experiments. With histological analysis we observed
the migration pathway of PGCs for two weeks.

MATERIAL and METHODS

This study was approved by Kocaeli University Animal
Researches Ethics Committee (HADYEK- 5/3 - 2011).

Material

All animal experiments and procedures were carried
out in accordance with the recommendations and
official guidelines for animal handling and research. The
temperature and humidity were kept at 28.5°C and 61%,
respectively. Sexually matured zebrafish were fed daily
with Artemia sp. and Tetra- Min© Hauptfutter (Tetra Werke,
Germany) under standardized conditions (20-L glass
aquaria, 28+1°C, light/dark cycle = 14 h/10 h) and after
egg laying embryos were collected immediately. Under
a stereo microscope, fertilized and unfertilized eggs were
separated. Fertilized embryos were transfered into special
small embryo aquariums.

Methods
BPA Exposure

BPA, 2 bis(4-hydroxiphenyl), (Sigma Aldrich, CAS No:
50-05-7) was dissolved in 1% dimethylsulfoxide (DMSO)
to generate desired concentrations for treatment of the
embryos. Two control and 2 experimental groups were
used as: control (untreated), solvent control group
(1% DMSO), 4 mg/L BPA and 8 mg/L BPA. DMSO and BPA
were applied from 1 h post fertilization until sacrificing the
embryos.

Whole Mount In Situ Hybridization

24-hpf-old embryos from control and BPA treatment
groups were collected and fixed in 4% paraformaldehyde
(PFA, Sigma) overnight at 4°C. After removing chorion,
the embryos were washed in methanol series and stored
in 100% MeOH at -20°C. Digoxigenin-labelled antisense
RNA probes were generated for vasa gene as described
Miyake et al.B% Whole mount in situ hybridizations with
chromogenic substrates Nitro Blue Tetrazolium (NBT)/5-
Bromo4-Chloro3-Indoyl phosphate (BCIP) were on the
24-hpf-embryos performed as previously described B'32,
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Acridine Orange Staining

After removing the chorion of the zebrafish embryos 5
pg/L acridine orange (Sigma) was added into the embryo
rearing medium. Embryos were incubated in acridine
orange solution for 30 min. They were anaesthetised with
0.04% of 3-aminobenzoic acid methyl ester (MESAB) and
imaged under dissecting fluorescent microscope.

Histology

Embryos and larvae (0-2 weeks old) were fixed in
Bouin’s fixative for 8 h. After fixation, tissue was dehydrated
in ascending concentrations of ethanol, equilibrated in
xylene. The tissues were then embedded in paraffin wax and
cut into 5-7 um sections on a microtome. The sections were
mounted on glass slides and stained with haematoxylin
and eosin, toluidine blue and Best’s carmine before
examination under a light microscope.

Statistical Analysis

Statistical analysis were performed by using IBM SPSS
Statistics 5.0 programme. Quantitative data was given as
mean = SD. T test were used for analyses and P<0.05 was
considered as statistical significance value. For statistical
analysis, 7 samples were used in each group (n=7).

ctrl

dmso

RESULTS

Results of Expression of vasa Gene in
Primordial Germ Cells

Vasa gene is a germ cell marker 2. At embryonic
stages of development, vasa transcripts are concentrated
in an electron-dense structure, the putative zebrafish germ
plasm 2033,

The location and number of PGCs were detected at
24 h post fertilization (Fig. T and Fig. 2). In each group, 7
embryos were tested. PGCs that migrate the correct and
ectopic locations were counted. In control (untreated) and
DMSO groups PGCs migrate to the target region correctly
(Fig. 1-a and 1-b). When compared the 4 mg/L BPA and 8
mg/L BPA groups with control ones, there was an increase
in the number of PGCs (Fig. 2) and a significant portion of
germ cells were at ectopic locations (Fig. 1-c and 71-d). It
was observed that 1% DMSO and BPA treatment increased
the PGCs numbers in comparison to the untreated group.
t test results showed that DMSO and BPA treatment
increased the total PGC number (Table 1). The number
of PGCs increased in BPA treated group (Table 2). BPA
treatment also increased ectopic PGCs (Table 3). Our
data suggest that BPA caused an increase in the number

h Fig 1. Whole mount in situ hybridization results of

24 hpf old zebrafish embryos. Magnifications at the
right side show PGCs which locate the right direction.
a) Untreated (ctrl) group, PGCs located to the right
direction, b) 1% DMSO (solvent control) group, PGCs
located to the right direction but there are few ectopic
- cells, ¢) 4 mg/L BPA treated group, most of PGCs are
ectopic, d) 8 mg/L BPA treated group, most of PGCs are
ectopic

Sekil 1. 24 saatlik zebra baligi embriyolarinda whole
mount in situ hibridizasyon sonuclari. Sag taraftaki
blyutilmis kisimlar dogru bolgede bulunan pri-
mordiyal germ hucrelerini (PGH) g&stermektedir.
a) Kontrol grubu, PGH dogru bolgede bulunmaktadir,
b) Cozucu kontrol (%1 DMSO) grubu, PGH dogru
bolgede bulunmaktadir fakat birkag hicre ektopik
bolgede bulunmaktadir, ¢) 4 mg/L BPA uygulanmis
grup, pek cok PGH ektopik bolgelerdedir, d) 8 mg/L
BPA uygulamasi yapilmis grup, pek ¢ok PGH ektopik
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Fig 2. General comparement of control and BPA treatment groups. When
compare with control group, as a result of BPA treatment more vasa-
positive cells (PGCs) were detected at ectopic and right locations (n=7)

Sekil 2. Kontrol ve BPA gruplarinin genel karsilagtirmasi. Kontrol grubu
ile karsilastinldiginda BPA uygulamasi sonucunda vasa pozitif hiicreler
(PGH) dogru ve ektopik bolgelerde tespit edilmislerdir (n=7)

Table 1. Total (ectopic + gonadal region) PGC frequency at 24 hpf zebrafish
embryos

Tablo 1. 24 saatlik zebra baligi embriyolarindaki toplam (ektopik +
gonadal bélgedeki) PGH sikligi

Total PGCs Frequency
Group
Average Standart Deviation | *
Control (untreated) (n=7) 443 + 0.94 a
1% DMSO (n=7) 9.00 + 1.45 b
4 mg/L BPA (n=7) 13.50 + 0.81 C
8 mg/L BPA (n=7) 13.71 + 0.98 C

* There are significant difference between samples that are shown with
different letters (P<0.05)

Table 2. PGC frequency at gonadal region at 24 hpf zebrafish embryos

Tablo 2. 24 saatlik zebra baligi embriyolarindaki gonadal bolgedeki PGH
sikligi

PGCs Frequency at Gonadal Location
Group
Average Standart Deviation | *
Control (untreated) (n=7) 7.57 + 0.65 a
1% DMSO (n=7) 11.29 + 222 ab
4 mg/L BPA (n=7) 12.57 = 1.25 b
8 mg/L BPA (n=7) 13.71 = 0.99 b

* There are significant difference between samples that are shown with
different letters (P<0.05)

of PGCs, although all of these cells cannot migrate into
the prospective primordia and remained at ectopic
locations.

Results of Acridine Orange Staining

In the second part of the study we investigated the
effects of BPA on the apoptosis frequnecy in zebrafish

Table 3. PGC frequency at ectopic locations at 24 hpf zebrafish embryos

Tablo 3. 24 saatlik zebra baligi embriyolarindaki ektopik bolgelerdeki PGH
sikligi

PGCs Frequency at Ectopic Locations

Group
Average Standart Deviation | *
Control (untreated) (n=7) 1.29 = 0.29 a
1% DMSO (n=7) 6.71 + 1.57 b
4 mg/L BPA (n=7) 14.43 + 1.00 c
8 mg/L BPA (n=7) 13.71 + 1.77 C

* There are significant difference between samples that are shown with
different letters (P<0.05)

Fig 3. Acridine orange staining results a) Control group b) Solvent control
group (1% DMSO) c) 4 mg/L BPA treated group d) 8 mg/L BPA treated
group. When compare BPA treatment groups with control ones, it was not
seen any differences between the groups

Sekil 3. Akridin turuncusu boyama sonuglari a) Kontrol grubu b)
Cozicl kontrol grubu (%1 DMSO) ¢) 4 mg/L BPA uygulamasi yapilmis
grup d) 8 mg/L BPA uygulamasi yapilmis grup. Kontrol gruplari BPA
uygulamasi yapilmis gruplarla karsilastirildiginda gruplar arasinda bir fark
gorilmemistir

embryos. Acridine orange is a nucleic acid fluorochrome
which emits fluorescence when it intercalates into the
DNA B34, BPA treatment did not change apoptosis
frequency and the frequency was in normal range that
normally prevails during the embryonic development (Fig.
3) of zebrafish embryos.

Histological Studies

Morphology of primordial germ cells were detected
with histological methods during 2 weeks. The embryos
of the 8 mg/L BPA group could survived 7 days maximally.
PGCs which are bigger than somatic cells and have large
nucleus, nuage material and glycogen granules were
detected by H&E, toluidine blue and Best’s carmine stains.
It was found that results of histological studies were
supported by whole mount in situ results. In DMSO and
BPA treated groups, increase in the number of PGCs which
located at ectopic regions were detected.
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At 3 day post fertilization (dpf) embryos, PGCs were
observed at the dorsal part of yolk sac in untreated group.
PGC structure was normal (Fig. 4-a). Location of PGCs were
shown with arrows (Fig. 4-b,c,d). In BPA treated groups,
decrease at glycogen granules in PGCs were observed (Fig.
4-c,d).

At 7 dpf prelarvae, PGCs were observed near muscle
tissue (Fig. 5-a,b,c,d). In untreated and DMSO group, the
shapes of migrating PGCs were ameboid (shown with star)
(Fig. 5-a,b). In BPA treated groups, most of PGCs did not
have ameboid shape (Fig. 5-c,d).

At 14 dpf larvae, in untreated and DMSO groups, PGCs
were observed at gonadal region (Fig. 6-a,b). PGCs could
not migrate gonadal region at 4 mg/L BPA treated group.

In this group, PGCs were observed near somites (Fig. 6-c).
Decrease at nuage material of PGCs were also detected in
this group (Fig. 6-¢,d).

DISCUSSION

We conducted this study to evaluate the effects of BPA
on primordial germ cells of zebrafish (Danio rerio) embryos
because very little is known about the effects of BPA on
primordial germ cells in vertebrates. There are not any
study the effects of BPA on primordial germ cells. so, our
study is pioneer about this subject.

Avci et al.®¥! determined the effects of nonylphenol
on growth parameters and antioxidant defense system

7 ‘ '///",.,

FRRL N
{ R\ Fig 4. Histologic sections of 3 dpf embryos. Location
of PGCs were shown with arrows. PGH: primordial
germ cell, SH: somatic cell, vk: yolk sac, a) Untreated
group, Toluidine blue staining (x4), (x100), b) Solvent
control group (1% DMSO), Toluidine blue staining
(x10), (x100), c) 4 mg/L BPA treated group, Toluidine
)\ blue and Best carmine staining (x10), (x100), d) 8 mg/L
BPA treated group, Best carmine staining (x10), (x100)

1 Sekil 4. 3 ginlik embriyolarin histolojik kesiti.
PGH bulundugu yerler oklar ile gosterilmistir. PGH:
Primordiyal germ hiicresi, SH: somatik hiicre, vk:
vitellis kesesi, a) Kontrol grubu, Toluidine mauvisi
boyamasi (x4), (x100), b) Cozici kontrol grubu (%1
DMSO0), Toluidine mavisi boyamasi (x10), (x100), c) 4
mg/L BPA uygulamasi yapilmis grup, Toluidine mavisi
ve Best Carmine boyamasi (x10), (x100), d) 8 mg/L BPA
uygulamasi yapilmis grup, Best carmine boyamasi
(x10), (x100)

Fig 5. Histologic sections of 7 dpf prelarvae. Location
of PGCs were shown with arrows. Migrating PGCs
were mentioned with star. PGH: primordial germ cell,
SH: somatic cell, k: muscle tissue, a) Untreated group,
Toluidine blue staining (x10), (x100), b) Solvent control
group (1% DMSO), Best carmine staining (x10), (x100),
c) 4 mg/L BPA treated group, PGC at ectopic region,
Toluidine blue staining (x10), (x100), d) 8 mg/L BPA
treated group, Toluidine blue staining (x10), (x100)

Sekil 5. 7 gunlik prelarvalarin histolojik kesiti. PGH
bulunduguyerler oklarile gosterilmistir. Go¢ eden PGH
yildizile gosterilmistir. PGH: Primordiyal germ hiicresi,
SH: somatik hiicre, k: kas dokusu. a) Kontrol grubu,
Toluidine mavisi boyamasi (x10), (x100), b) Cozlict
kontrol grubu (%1 DMSO), Best carmine boyamasi
(x10), (x100), c) 4 mg/L BPA uygulamasi yapilmis grup,
ektopik bolgedeki PGH, Toluidine mavisi boyamasi
(x10), (x100) d) 8 mg/L BPA uygulamasi yapilmis grup,
Toluidine mavisi boyamasi (x10), (x100)
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Fig 6. Histologic sections of 14 dpf larvae. Location of
. PGCs were shown with arrows. PGH: primordial germ
cell, sh: somatic cell, s: somites, a) Untreated group
H&E staining (x10), (x40), b) Solvent control group
(1% DMSO), H&E staining (x20), (x40), c) 4 mg/L BPA
treated group, Toluidine blue staining (x10), (x100),
d) 4 mg/L BPA treated group, PGC at ectopic region,
¢ Toluidine blue staining (x10), (x100)

Sekil 6. 14 glnlik larvalarin histolojik kesiti. PGH
bulundugu yerler oklar ile gosterilmistir. PGH:
Primordiyal germ hucresi, sh: somatik htcre, s:
. somitler, a) Kontrol grubu, H&E boyamasi (x10), (x100),
- b) Coziicl kontrol grubu (%1 DMSO), H&E boyamasi
. (x20), (x40), €) 4 mg/L BPA uygulamasi yapilmis grup,
~ Toluidine mavisi boyamasi (x10), (x100), d) 4 mg/L BPA
uygulamasi yapilmis grup, ektopik bolgedeki PGH,

Japanese quails (Coturnix japonica) and they found that
nonylphenol has dramatic effects on egg production
rate and anti-oxidant system in Japanese quails (Coturnix
japonica). In addition, Willey and Krone 2" investigated
effects of endosulfan and nonyphenol on the primordial
germ cell population in pre-larval zebrafish embryos
during the first day of development. In this study, vasa
antisense RNA probe was used for whole mount in situ
hybridization. As a result of the study, they proved that
endosulfan treatment cause decrease the number of PGCs
in 5" and 6™ somites, increase the number of PGCS in 7
and 8™ somites. Between 9" and 13" somites any change
in the number of PGCs didn't observed. In nonylphenol
treated group they found decrease in the number of PGCs
between 6™ and 7" somites. As a result, these chemicals
cause alternations in the distrubition of PGCs along the
posterior and anterior axis. In our study, we proved that
BPA treatment cause ectopic localization of PGCs. Besides,
it cause increase in the number of total PGCs.

Lawson et al.?® studied the effects of low doses of BPA
on gene expression in the fetal mouse ovary and they
suggested that BPA acts to down-regulate mitotic cell-
cycle genes, raising the possibility that fetal BPA exposure
may act to limit expansion of the primordial germ cell
population. On contrary, we found an increase in the
number of PGC population after BPA exposure in zebrafish
embryos.

Doitsidou et al.*® found that SDF-1a chemokine is the
guidance for primordial germ cell attraction. In our study,
it's obvious that BPA treatment cause an increment at the
number of ectopic primordial germ cells. This result can
be interpreted with 2 ways. First, BPA can inhibit SDF-1a
chemokine signal mechanism. Second, BPA treatment
increses primordial germ cell production and the ectopic

cells that can be seen from figures are migrating cells to
the targets.

In some references it's mentioned that BPA induces
apoptosis at rodents. Li et al.® gave high doses of BPA to
mice and they used TUNNEL assay, immunohistochemistry
and western blotting techniques. As a result they found
that high doses of BPA exposure induces apoptosis and
upregulation of fas/fasl and caspase-3 expression in testes
of mice. Similarly, Wang et al.*” found that BPA induced
germ cell apoptosis in testes. These studies were done at
tissues of adult individuals. On contrary in our study we
studied with embryos and we could not see any apoptotic
effects of low doses of BPA on zebrafish embryos. Similarly
to our results, Oka et al.?® studied the effects of BPA on
apoptosis in central neural cells during early development of
Xenopus and they also couldn't observe apoptotic effects
in early stages.
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Summary

The aim of this study was to investigate the effect of pigs, sows and piglets vaccination against atrophic rhinitis (AR) on the
production results, the average daily gain (ADG) and mortality rate. Unvaccinated piglets, originating from vaccinated sows had a
slightly higher ADG and only slightly less mortality than the control piglets (unvaccinated piglets and their mothers). Vaccinated piglets
had a significantly higher (P<0.01) ADG and almost twice lower mortality rate than piglets unvaccinated, whether originating from
vaccinated or unvaccinated mothers. Based on the observed results it is concluded that vaccination of pigs against AR significantly
increases ADG and reduces mortality, and vaccination of sows against AR only slightly improves production performance and it is not
economically justified for the studied farm.

Keywords: Atrophic rhinitis, Vaccination, Average daily gain, Mortality rate, Pig

Domuzlarda Atropik Rinite Karsi Asilamanin Ortalama
Giinliik Kazan¢ ve Mortalite Orani Uzerindeki Onemi

Ozet

Bu arastirmanin amaci, domuzlarin, disi domuzlarin ve domuz yavrularinin atropik rinite (AR) karsi asilamalarinin Giretim sonuglari,
glinliik kazang orani (ADG) ve mortalite orani Uizerine etkisini arastirmaktir. Asilanmis domuz, yavrulari asilanmis ya da asilanmamis
annelerden olup olmadigina bakilmaksizin agilanmamis yavrulara gore yiiksek ADG (P<0.01) ve neredyse iki kat diisiik mortalite orani
gosterdiler. Bu sonuglara dayanarak, domuzlarda AR’e karsi asilamanin 6nemli derecede ADG'ni1 arttirdidi ve mortaliteyi distrdigu,
ve disi domuzlarin AR’e karsi asilanmasinin sadece az miktarda tretim performansini arttirdigi ve bunun ¢alisilan ciftliklerde ekonomik
olarak anlamli olmadigi sonucuna varilmistir.

Anahtar sozciikler: Atropik rinit, Asilama, Ortalama Glinliik Kazang, Mortalite Orani, Domuz

INTRODUCTION

Gram-negative bacteria Pasteurella multocida and
Bordetella bronchiseptica are the primary infectious
etiologic factors of atrophic rhinitis (AR). It is characterized
by the formation of thick dry crusts in a roomy nasal
cavity, which are result of progressive wasting away or
decrease in size (atrophy) of the mucous nasal lining
(mucosa) and underlying bone . The various symptoms
include foetor (strong offensive smell), crusting/nasal
obstruction, nosebleeds, anosmia (loss of smell) or
cacosmia (hallucination of disagreeable odour), secondary

infection, maggot infestation, nasal deformity, pharyngitis,
otitis media and even, rarely, extension into the brain
and its membranes 2. Atrophic rhinitis can be classed as
primary or, where it is a consequence of another condition
or event, secondary. Infections of pigs with P. multocida and
B. bronchiseptica can also result in bronchopneumonia 54,
Moreover, AR causes significant global economic loss in
swine production due to growth retardation ..

Vaccines to coritrol AR have exploited knowledge of
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the pathogenesis of AR. Vaccines have been assessed
for efficacy in reducing clinical signs and lesions of AR
following both natural challenge in field trials and artificial
challenge in controlled experiments . Researchers have
also evaluated the efficacy of AR vaccines in improving the
growth rate of pigs, eliminating infection by toxigenic P.
multocida and B. bronchiseptica from a farm, and inducing
immune responses in sows and piglets to these bacteria 7,

On the basis of this, the objective of this investigation
was to evaluate the effect of commercial vaccines against
AR on the average daily weight gain and mortality rate.

MATERIAL and METHODS

Experimental Animals

The experiment was performed on a pig farm, with a
capacity of 2500 sows, with an intensive way of keeping
the pigs infected with AR enclosed. Infection status was
assessed by serologic testing and detection of Pasteurellae
and Bordatellae genom in serum. The experiment was
performed on 4 groups of sows and their piglets (A, B, C
and D) of the breeds Landras x Large Yorkshire hybrid (F,),
Large Yorkshire, and Landrace. Group A piglets originated
from group A sows, group B piglets originated from group
B sows, group C piglets originated from group C sows,
and group D piglets originated from group D sows. All the
animals had tags on their ears and a tattooed number.

Vaccinations of Animals

Animals were vaccinated with commercially vaccine
against AR to the manufacturer’s instructions (IDT Biologika
GmbH). The vaccine had inactivated bacteria Bordetella
bronchiseptica and inactivated bacteria Pasteurella
multocida(AtypeandDtype)andtoxoid (dermonecrotoxin).

Vaccination of Sows

A total of 103 pregnant sows were used in this study.
The health of the animals before vaccination was clinically
normal. Two programs were performed: in groups A
and B 50 sows were vaccinated twice at 5 and 2 weeks
before parturition, and in groups C and D, 53 sows were
unvaccinated. The vaccine was applied in 4 ml dosages,
subcutaneous, behind the ear.

Vaccinations of Piglets

A total of 627 piglets were used in this study. Two
programs were performed: in groups A and C 304 piglets
were vaccinated twice at 35 and 56 days of age (the vaccine
was applied in T ml dosages, subcutaneous, behind the
ear), and in groups B and D 323 piglets were unvaccinated.

Average Daily Gain and Mortality

Each of the groups A and B contained 25 sows and
their 152 piglets, group C contained 26 sows and their 152
piglets and group D (control group) contained 27 sows
and their 198 piglets. The piglets were selected by random
sampling method. After weaning, all piglets were housed
in one building and were divided by 10 piglets per box.
Average daily gain and mortality were monitored from 28®
to 175" day of life.

Statistical Analyses

The data were processed by ANOVA and Post Hoc Test
was used for comparison of the means of treatments.
Statistical significance of differences between means was
determined at the level of P<0.01.

RESULTS

Influence of Vaccination on Average Daily Gain of
Pigs (ADG)

Table 1 presents the results of the ADG in tested piglets.
In group A piglets (sows and piglets vaccinated) ADG values
were significantly higher (P<0.01) than in group B piglets
(sows vaccinated only). Between group A and group C
piglets (vaccinated pigs only) there was no significant
difference (P>0.01) in ADG. Group A piglets had significantly
higher (P<0.01) ADG than group D piglets (control group).
Group B piglets had significantly lower (P<0.01) ADG
than group C piglets. At the same time, group B piglets
had higher (P<0.01) ADG compared to control piglets
(group D). Vaccinated piglets (group C) had significantly
higher (P<0.01) ADG compared to the control group.

Influence of Vaccination on Mortality of Piglets

To determine the effect of vaccination against AR on
mortality of piglets, mortality was calculated using the

Table 1. Average daily gain
Tablo 1. Ortalama giinliik kazang

Group Frequency Percent Mean sD MIN MAX
GROUP A 152 232 682 33.36 620 740

GROUP B 152 23.2 632 45.10 570 730

GROUP C 152 232 678 49.90 570 765

GROUP D 198 30,3 615 64.64 480 740

Total 654 100.0
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initial number of the piglets in each observed group on the
28t day of life. Group C piglets had the lowest number of
deaths (5.3%), which is almost twice lower value compared
to the control piglets (group D). Unvaccinated piglets
whose mothers were vaccinated (group B) had a very
high mortality (9.2%), almost as in control group piglets.
Vaccinated piglets, whose mothers were also vaccinated,
had a mortality of 6.6% (Table 2).

Table 2. Mortality rate (%)
Tablo 2. Mortalite orani (%)

Group

6.6 9.2 53 10.1

DISCUSSION

The results of this study clearly indicate that vaccination
of pigs against AR on studied farms significantly influenced
the increase of the ADG and reduced mortality of piglets.
Vaccinated piglets, originating from vaccinated and
non-vaccinated sows had about 10% higher daily gain,
reducing the feeding duration for 10 days as determined
in their studies by Liao et al.®\ In vaccinated piglets there
were almost half the deaths than in non-vaccinated pigs .
Unvaccinated piglets, originating from vaccinated sows
had a slightly higher ADG and only slightly less mortality
than the control piglets. This is a consequence of the
termination of colostral immunity and the occurrence of
infection in the same piglets ', Evaluation of the safety
and efficacy vaccines in this study suggest that they have
potential in reducing the cost of AR in commercial farms.
However, based on the experience of others &', these
vaccines are unlikely to eliminate the causative agents
of AR, P. multocida and B. bronchiseptica from a farm. By
vaccinating the piglets better production results were
achieved. This justifies the vaccination economically and
at the same time on the studied farm there is no need
for sows vaccination. The vaccinated piglets originating
from both vaccinated and unvaccinated sows show no
significant difference in ADG and mortality rate is almost
identical. Nielsen '? found that there is no difference in
ADG between piglets originating from vaccinated and
unvaccinated mothers during lactation period. Considered
that, as well as the results obtained in this study, where
there is almost no significant difference in production
results between unvaccinated piglets originating from
vaccinated and unvaccinated sows, economic justification
was not confirmed vaccination of sows on farm examined.
In the previous researches performed by other authors 1314
it has been established that vaccination of older pigs,
has little benefit against clinical AR and is generally less
effective than sow vaccination. However recent results in
researches show that there is no difference between ADG
and mortality rate with pigs derived from vaccinated and

non-vaccinated sows. Distinction in ADG and mortality
rate shall be shown in at a later stage of life, aged 90 days
and over, so pigs vaccination has been recommended in
herds in which AR causes have been established [,

Vaccination of piglets has unquestionable beneficial
effect but current vaccines are not able to eliminate
the bacteria. Optimal results can only be obtained
when vaccination is combined with husbandry and
management measures such as all-in/all-out production,
correct vaccination, hygiene, reduction of stocking density
and avoiding of stress!®,
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Ozet

Bu calismanin amaci kontrol glini siit verimlerinin zaman serisi yontemi ile modellenmesi ve en isabetli 6ngoriileri saglayan
kontrol giinl sayisinin belirlenmesidir. Bu amagla 1070 sit sigirina ait 10700 kontrol giinii kaydi kullanilmistir. Veri seti her birinde
5350 kayit bulunan iki guruba ayrilmistir. Bu gruplardan biri model parametrelerini tahmin amaci ile, digeri ise modelin 6ngori
basarisini degerlendirmek ve en isabetli dngorileri saglayan kontrol giini sayisini belirlemek amaci ile kullaniimistir. Calisma
sonucunda ARIMA(2,0,0)(1,1,1),, modeli uygun model olarak belirlenmis ve 6ngoéri dederleri bu model kullanilarak elde edilmistir.
S6z konusu modelin tahmin edilen parametre degerleri ile gosterimi (1-B')'y, = [(1-0.99129B)/(1-0.36889B-0.06934B2)(1-0.08352B%)]a,
seklindedir. Gercek degerler ile 6ngorl degerleri arasinda yuksek ve istatistiksel olarak anlamli korelasyonlar saptanmistir. Sonuglar
zaman serisi yaklagiminin siit veriminin 6ngoristinde kullanisli olabilecedini ortaya koymaktadir.

Anabhtar sézciikler: Kontrol giini, Siit verimi, Zaman serisi, ARIMA, Ongérii

Modeling the Test Day Milk Yields via Time Series Method

Summary

The aim of this study is to model the test day milk yields via time series methodology and to determine the number of test days
which provide the most accurate forecasts. For this purpose, 10700 test day records belonging to 1070 dairy cattle were used. Data
were divided into two groups of 5350 records in each. One set of observations was used to model parameters, while the remaining
was used for evaluating the forecast power of the model and for determining the number of test day records which provide the
most accurate forecasts. ARIMA(2,0,0)(1,1,1),, model was determined to be suitable and it was used to obtain the forecast values.
The expression of the model using estimated parameter values is (1-B™)'y, = [(1-0.99129B'%)/(1-0.36889B-0.06934B?)(1-0.08352B%)]a,.
Statistically significant and high correlations were determined between the actual and forecast values. The results indicated that the
time series approach can be useful for prediction of milk yields.

Keywords: Test day, Milk yield, Time series, ARIMA, Forecast

GiRiS

Sut verimini modellemeye yonelik ¢alismalarin 1900'1u
yillarin baslarindan itibaren yuratildigu bilinmektedir M.
Sigirlarin siit veriminin modellenmesi icin yapilan ¢alismalar
kismi ya da tamamlanmis laktasyon kayitlarindan elde
edilen glinliik, haftalik ya da aylik st miktarlari Gzerinden
dogrusal ya da dogrusal olmayan deterministik modeller
tahminlemek Gzerine kurulmustur 2, t zamanindaki sit
verimi y, y, = f(t)+¢, veya y, = f(t)xe, gibi iki mimkin sekilde
modellenebilir Bl Burada, f(t) stirekli ve laktasyonun uzun-

luguna bagh olarak tim zaman araliklarinda tanimli bir
fonksiyon iken ¢, sansa bagli hata terimlerini simgelemek-
tedir ™. Wood, Gamma, Ali-Schaeffer, Glasbey, Logaritmik,
Wilmink, Goodall modelleri laktasyon egrisinin modellen-
mesinde yaygin olarak kullanilmaktadir &,

Farkli sagim glnlerinde Ol¢tilen kontrol glni sut
verimlerinin genetik olarak farkli degiskenler olarak adlan-
dirllmasi ve cok degiskenli yontemlerle analiz edilmesi
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mumkinddr ®. Bununla birlikte, yaygin olan tek degiskenli
yaklasima gore her bir laktasyonda farkli zamanlarda
alinan sit verimleri ayni deneme Unitesindeki tekrarlanan
Olcimler olarak adlandinlabilir . Laktasyon dénemi
suresince belirli zaman araliklariyla yapilan ol¢iimler
zamana bagli oldugu icin kurulan regresyon modellerindeki
artiklar arasinda bir iliskinin olabilecedi disunilebilir.
Ayni sekilde her kontrolde elde edilen verimin bir 6nceki
verimlerle iliskisi de s6z konusu olmaktadir &,

Sut veriminin modellenmesinde kullanilan farkh bir
yaklagim ise Deluyker ve ark.?, tarafindan yapilan calismada
ortaya konmustur. ilgili calismada Holstein irki ineklere ait
sit verim kayitlari zaman serisi yontemi ile modellenmistir.
Macciotta ve ark.”', Sarda koyunu ve Simmental irki
ineklere ait kontrol glinii sit verimlerini zaman serisi
yontemi ile modelledikleri calismalarini yayinlamiglardir.
S6z konusu calismalar, zaman serisi yonteminin, laktasyon
egrisinin seklini tanimlamada ve belirli sayida kontrol
glinl kaydi mevcut oldugunda hayvanlarin devam eden
laktasyondaki stt verimlerinin 6ngorusiinde kullanisli
oldugunu ortaya koymustur.

Bu calismanin amaci daha ¢ok ekonomi alaninda
kullanilan ve bir seriye ait degerlerin kendi ge¢mis degerleri,
glincel ve gecmis donem rassal artiklarinin agirlikli toplami
yardimiyla modellenmesine olanak saglayan tek degiskenli
zaman serisi analizi ile sut sigirlarinin kontrol giini siit
verimlerinin modellenmesidir. Ayrica, zaman serisi model-
lerinin 6ngorl basarisindan yararlanarak en isabetli 6n-
goruleri saglayan kontrol giini sayisinin belirlenmesi de
amaclanmistir.

MATERYAL VE METOT

Hayvan Materyali

Bu calismanin hayvan materyalini ingiltere Ulusal Sit
Kayitlar Birligi'nde kaydi tutulan ve ilk kontrolleri Kasim
1988 ile Ekim 1989 tarihleri arasinda yapilmis olup 10
adet verim kaydi bulunan 1.070 ingiliz Siyah Alaca diivesi
olusturmaktadir. Verim kayitlari yaklasik olarak birer ayhk
araliklarla alinmistir. Her bir kontrol glini sit verimi 24
saatlik stire icerisinde alinan bireysel glinliik stt verimlerinin
toplamidir ve kg cinsinden kayit edilmistir.

Zaman Serisi Analizi

Bir zaman serisi, zaman icerisinde siral olarak toplanan
gozlem degerlerinin dizisi olarak tanimlanabilir 2. Zaman
vasfinin giin, hafta, ay, Ug ay, yil vb. periyotlarini simgeleyen
siklar t=1,2,..T olarak ifade edilirse, Y dediskenine ait bu
donemlerde elde edilen gozlem degerleri de y,, y,,...y;
seklinde gosterilirler '3,

Zaman serisi ile iyi uyum gdsteren bir modelin belir-
lenme asamasinda ilk olarak serinin duragan olmasi veya
olmamasi, mevsimsel 6zelliklere sahip olup olmamasi gibi

ozellikler 6n plana ¢ikmaktadir M. Duragan olmayan Y
serisinin ortalamada duragan hale getirilmesi icin d-kez
farkinin alinmasi gerekiyorsa, duragan w, serisi B olarak
ifade edilen geri kaydirma islemcisi yardimiyla w, = (1-B)dy,
seklinde gosterilmektedir 12, Mevsimsel seyri olan serinin
mevsimselligini ortadan kaldirmak amaci ile D-kez fark
alma islemi uygulandiginda duragan w, serisi ise w, = (1-B*)
Py, seklinde gosterilmektedir .

Zaman serisinin belirli bir noktada aldigi deger, vy,
serinin p adet ge¢mis degeri ve bir sok ile tanimlanan bir
fonksiyona sahip ise, serinin altinda yatan veri yaratma
sUreci p'inci mertebeden otoregresif siire¢, AR(p), olarak
tanimlanmaktadir ", Bir zaman serisinin buglnki degeri,
mevcut ve q adet gecmis donemdeki rassal sokun agirlikli
toplami ise slre¢ g mertebesinde hareketli ortalama,
MA(q), surecidir “. Gergek hayatta karsilasilan pek ¢ok
durumda ise her iki sureci de iceren karma otoregresif
hareketli ortalama modeli, ARMA(p,q), ile calismak s6z
konusu olmaktadir.

Zaman serilerinde gozlenen periyodik ya da mevsimsel
hareketler, birbirini izleyen 6lcim dénemlerinde ayni
Olcim zamanlari arasinda gozlenen benzer yiikselme ya da
disme hareketleri olarak tanimlanmaktadir. Bu tur serilerde
mevsimsel iliskinin yaninda ardisik gézlemler arasinda
da iliski ortaya cikabilmektedir. ARIMA(p,d,q)(P.D,Q), ola-
rak gosterilen carpimsal mevsimsel ARIMA modelleri ile
mevsim icerisindeki ve mevsimler arasindaki bagimlilik
yapisi birlikte modellenmektedir

(1+6,B+..+0,B fi+©,B° +...+®QBQS)a
(-¢B-..—0 B JI-®B —..-®,B")""

(1-B)'(1-B)y, =

Burada, 8 mevsimsel olmayan MA parametrelerini, q
mevsimsel olmayan MA parametre sayisini, ¢ mevsimsel
olmayan AR parametrelerini, p mevsimsel olmayan AR
parametre sayisini, ® mevsimsel AR parametrelerini, P
mevsimsel AR parametre sayisini, © mevsimsel MA para-
metrelerini ve Q mevsimsel MA parametre sayisini simge-
lemektedir.

Zaman serisini olusturan sirecin olasilik dagilimini
belirlemek ve kesin bir tanimlamasini yapmak icin oto-
korelasyon fonksiyonu (OKF) ve kismi otokorelasyon
fonksiyonu (KOKF) kullaniimaktadir 4,

Veri Setinin Hazirlanmasi ve istatistiksel Analizler

Klasik zaman serisi tertibinden farkli olarak bu
calismada kontrol glinl sit verimlerini iceren veri seti
Macciotta ve ark.”' tarafindan uygulanan bir yaklasimla
hazirlanmistir (Tablo 1). Macciotta ve ark."”, indeks degis-
keninin, icerdigi anlam ne olursa olsun ciktiyl, yani Y
degerlerini, siralamada kullanilan bir ara¢ oldugunu ve
bu nedenle herhangi bir zaman kavramina bagh olmak
zorunda olmadigini belirtmislerdir. Veri setinin izlenecek
yonteme uygun olarak diizenlenmesi amaciyla 6ncelikle
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hayvanlar rastgele siralanmis, ardindan laktasyon kayit-
lar her bir hayvan icerisinde siraya konmustur. Toplamda
10.700 laktasyon kaydina karsilik gelen gozlemlere 1'den
10.700%e kadar bir indeks degeri atanmistir. Ornegin 26
numarall indeks degeri 3. siradaki hayvanin 6. laktasyon
kaydini belirtmektedir.

Veri seti 535 hayvanin 5350 kontrol glinu stt verimi kay-
dini iceren iki ayr kisma ayrilmistir. Model parametreleri
SAS programinin ARIMA proseduriinde ilk 535 hayvana ait
kayitlar icin en cok olabilirlik yontemi ile tahmin edilmistir ['¢],
Modelin 6ngori basarisi model tahmin basamadinda elde
edilen parametre degerleri ve ikinci gruptaki 535 hayvanin
kayitlarn kullanilarak degerlendirilmistir. En isabetli 6ng6-
rileri saglayan minimum kayit sayisini belilemek amaci ile,
her bir hayvanin bilindigi varsayilan 2, 3, 4, 5, 6, 7 ve 8 kaydi
kullanilarak geriye kalan, sirasiyla 8, 7, 6, 5, 4, 3 ve 2 kaydini
ongormek seklinde bir algoritma isletilmistir. Gergek
degerler ile 6ngorli degerleri arasindaki korelasyonlar SAS
programinin CORR proseddri kullanilarak elde edilmistir.

Zaman serisi analizi daha ¢ok ekonomi alaninda
uygulama olanagi buldugundan kullanilan terminoloji de

Tablo 1. Calismada kullanilan veri setinin yapisi
Table 1. Structure of the data used in the study

bu alana 6zgudir. Calismada, ele alinan veri seti dikkate
alindiginda; zaman-indeks, yil-her bir hayvana ait laktasyon
doénemi, ay-kontrol giinii ve mevsim-laktasyonun pik verim
donemi ya da artis veya azalis seyri izledigi donemler vb.
kavramlarinin karsiligi olarak yorumlanmalidir.

BULGULAR

Tablo 2’de model kurma basamaginda kullanilan veri
setine iliskin bazi tanimlayici istatistikler sunulmustur.
Beklendigi gibi en ylksek ortalama st verimi 2. kontrol
glinlinde saptanmis olup ortalamalar tipik laktasyon egri-
sine benzer bir seyir izlemektedir. Sekil 17 kontrol glini
sut verimlerinin zaman serisi grafigini gostermektedir.
Sekilden de gorilecegi gibi stt verimi belirli bir bandin
disina ¢ikmamakta ve alcalma ya da yukselme yoniinde
herhangi bir egilim gostermemektedir.

Sekil 2’'de sunulan otokorelasyon katsayilarinin 0,10,
20,..., gecikmelerinde zirve yapmasi periyodik bilesenin
varligina isaret etmektedir. OKF(1), OKF(10) ve OKF(20)
degerleri yiksek derecede bir iliskinin varligini ortaya
koymaktadir. Benzer sekilde yiiksek korelasyonlar OKF(5),
OKF(15) ve OKF(25)'te de saptanmistir. Sekil 2'den korelas-
yonlarin gliven sinirlari digina ¢iktigi ve bu nedenle de

Sigir Kontrol Giint Verim Rcks Tablo 2. Veri setine iliskin bazi tanimlayici istatistikler
! ! * 1 Table 2. Some descriptive statistics of the data
1 2 i 2 Kontrol Gunii N Ortalama Std. Sapma
! 3 . 3 1 535 19.18 2.118
I & . & 2 535 2030 1878
1 5 * 5 3 535 1956 1.840
4 535 18.52 1.731
5 535 17.63 1.787
1070 7 i 10697 6 535 16.89 1.790
1070 8 * 10698 7 535 16.51 1.902
1070 9 * 10699 8 535 15.94 1916
1070 10 * 10700 9 535 15.15 1.809
* hayvanin ilgili kontrol giiniindeki toplam sit verimi (kg) 10 535 14.06 1.384
24
22
20
T
Sekil 1. Siit verimlerinin zaman serisi grafigi E
3 16

Fig 1. Time sequence plot of milk yield data
14

10

1070 2140 3210

indeks

4280
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Sekil 2. Orjinal verilere ait OKF grafigi
Fig 2. ACF plot of original data

Tablo 3. Parametre tahminleri
Table 3. Parameter estimates

Parametre | Tahmin | Standart Hata | t-Degeri P Gecikme
SMA 0.99129 | 0.0022861 433.61 | <.0001 10
AR1 0.36889 0.01362 27.08 | <.0001 1
AR2 0.06934 0.01361 5.09 <.0001 2
SAR 0.08352 0.01377 6.07 <.0001 10

SMA (Seasonal MA): Mevsimsel MA, AR1-2 (Autoregressive): Otoregresif

parametreler, SAR (Seasonal AR): Mevsimsel AR parametresi

istatistiksel olarak énemli olduklarn goériilmektedir. Bu durum
veri setinin olusturulma sekli dustuinildigunde beklenen
bir sonuctur. Her ne kadar calismanin materyalini olus-
turan kontrol glinu sut verim kayitlar rastgele siralanmis
olsa da teorik olarak her bir laktasyonda ayni donemde
pik verimine ulasildigi bilinmektedir. Periyodik gecikme-
lerde ortaya cikan bu ytiksek otokorelasyonlar ve bu oto-
korelasyonlarin ayni seviyede varligini devam ettirmesi,
glclu bir mevsimsellik gostergesi olup veri setine mevsimsel
fark islemi uygulanmasi gerektigini gostermektedir.

Mevsimsel farki alinmis seriye ait OKF incelenmis ve
gecikme uzunlugu arttikca OKF'nun hizla azalip sifiri
kestigi, bununla birlikte orjinal seriye iliskin OKF'nda 10 ve
10'un katlarinda goézlenen periyodik davranisin giderildigi
belirlenmistir. Buna karsin 1. ve 10. gecikmelerdeki oto-
korelasyonlarin model olusturulurken dikkate alinmasi
gerektigi saptanmistir. Bu nedenle MA siirecinin mevsimsel
olmayan ve mevsimsel olan kisimlarini simgeleyen, q ve
Q mertebeleri, 1 olarak belirlenmistir. Mevsimsel farki
alinmis seriye ait KOKF'nun sifir ikinci gecikmede kestigi
goruldiginden mevsimsel olmayan AR mertebesinin 2
oldugu dusinulmustar. Ayrica ilk iki mevsimsel gecikmede
onemli olan kismi otokorelasyonlarin da dikkate alinmasi
gerektigi saptanmistir.

Analizin sonraki asamasinda, aday model olarak belir-
lenen carpimsal-mevsimsel ARIMA modeline ait para-
metreler tahmin edilmis ve mevsimsel AR mertebesinin
2 olmasi durumunda ilgili parametrenin anlamsiz oldugu
(P>0.05) goruldigunden analiz disinda tutulmasina karar

10 - Normal
— - Kernel J
8 -
6 -
4 =
2
0 -] ==
T T T T T
-0.375 -0.25 -0.125 0 0.125 0.25

Sekil 3. Artiklarin histogrami ile normal ve kernel yogunluklari
Fig 3. Histogram with normal and kernel density plots of the residuals

verilmistir. Serinin D=1 olmak lizere 1 kez mevsimsel farki
alindigindan nihai model ARIMA(2,0,0)(1,1,1),, modeli
olarak belirlenmis ve bu modelin en ¢ok benzerlik yontemi
ile tahmin edilen parametre dederleri Tablo 3'te sunul-
mustur. S6z konusu model parametrelerinin timinin
istatistiksel olarak énemli oldugu belirlenmistir (P<0.05).
Bununla birlikte, model artiklarina iliskin ilk 48 gecikme
icin hesaplanmis olan ki-kare degerleri icin P>0.05 oldugu
saptanmis ve modele herhangi bir AR ya da MA terimi
eklenmesine gerek olmadigi sonucuna ulasiimistir.

Model artiklarinin Sekil 3'te yer alan dagiimi incelen-
diginde artiklarin yaklasik sifir ortalama etrafinda normal
dagihsa sahip oldugu goriilmektedir. Artiklara iliskin OKF
ve KOKF'kari da modelin veri setini tanimlamada uygun
oldugunu gostermektedir (Sekil 4). Model artiklarina iliskin
otokorelasyon ve kismi otokorelasyonlarin timu glven
sinirlan icerisinde kaldigindan, bir baska ifade ile model
artiklar arasinda istatistiksel agidan 6nemli korelasyonlar
olmadigindan modelin dogru bir sekilde tanimlandigi
sonucuna ulasiimistir. Model, tahmin edilen parametre
degerleri ile asagidaki gibi gosterilmektedir:

(-B")y, - ( (1-0.991298") .

1-0,36889B —0,06934B> |1 - 0,08352B™° )

GCalismada gercek degerler ile modelden tahmin edilen
degerler arasindaki korelasyon 0.90 olarak bulunmustur.
Mevcut gozlem sayisi arttikca model yardimi ile 6ngoriisu
yapilan degerler ile serinin gercek degerleri arasindaki
korelasyonlarin artma egiliminde oldugu gorilmektedir
(Tablo 4). Bununla birlikte, 5ngorist yapilacak kontrol giini
(ay) son kontrol kaydinin alindidi tarihten uzaklastik¢a s6zi
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Sekil 4. Artiklara ait OKF ve KOKF grafikleri

Fig 4. ACF and PACF plots of the residuals
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Tablo 4. Mevcut gézlem dederleri ile 5ngérii degerleri arasindaki korelasyonlar

Table 4. Correlations among the actual and forecasted values

Ongoriisii Mevcut Gozlem Sayisi
Yapilan Kontrol
Gunii (ay) 2 3 4 5 6 7 8
3 0.74
4 0.74 | 0.82
5 0.74 | 0.79 | 081
6 0.75 | 0.78 | 0.80 | 0.85
7 0.76 | 0.78 | 0.80 | 0.85 | 0.87
8 0.76 | 0.78 | 0.79 | 0.83 | 0.87 | 0.87
9 075 | 0.77 | 0.78 | 0.81 | 0.83 | 0.84 | 0.87
10 0.74 | 0.75 | 0.76 | 0.79 | 0.80 | 0.80 | 0.80
Tiim korelasyonlar icin P<0.001dir

edilen degerler arasindaki korelasyonlar azalmaktadir. Cals-
manin bulgular 6 kaydin mevcut oldugu durumun serinin
gelecekteki degerlerinin 6ngorisi icin yeterli seviyede
bilgi icerdigini gostermektedir.

TARTISMA ve SONUC

Macciotta ve ark.”, Sarda koyunlarina ait mevsim-
sellikten arindiriimis kontrol glinG sit verimlerini model-
ledikleri calismalarinda carpimsal mevsimsel ARIMA(2,0,0)
(1,0,1), modelini uygun model olarak belirlemislerdir. Bu
model calismamizda belirlenen model ile 6rtiismektedir.
Bunun yaninda Macciotta ve ark."", Simmental irki inekler
Uzerinde yuruttlkleri ¢alismalarinda ¢arpimsal mevsimsel
ARIMA(1,0,1)(1,0,1); modelini, Deluyker ve ark.? ise
Holstein irki ineklere ait kontrol gilinii stt verim kayitlarini
modelledikleri ¢alismalarinda ARIMA(O,1,1) modelini uygun
model olarak belirlemislerdir.

Macciotta ve ark.'", calismalarinda siit verimi icin 2 adet
mevcut kontrol glini kaydini 3. kayit guinline ait verimleri
ongormede kullanmislar ve gercek degerler ile 6ngoru
degerleri arasindaki korelasyonlari 0.85 olarak saptamis-
lardir. Ayni sekilde 3, 4, 5 ve 6 kaydin oldugu durumlar
icin de bir sonraki kayda iliskin 6éngoruler ile gergek
degerler arasinda tim durumlar icin 0.85'lik korelasyonlar
saptamislardir. Buna karsin ¢alismamizda 6 gozlemin

T T T T

10 15 20 25
Gecikme

mevcut oldugu durumda 7 ve 8. gozlem degerlerine
iliskin gercek degerler ve 6ngori dederleri arasinda her
iki kontrol glini igin 0.87’lik korelasyonlar saptanmistir.
S6zu edilen calismada korelasyonlar 0.85-0.44 arasinda
degisim gostermekte iken calismamizda tim durumlar igin
korelasyonlar 0.87-0.74 araligindadir.

Serilerin degerleri arasinda az da olsa gozlenen
farkhhklarin daha homojen hayvan gruplari ile ¢alisilmasi
durumunda daha da azalmasi beklenmektedir. Ayrica
model tahmini yapilan hayvan gurubu ile modelin 6ngoéri
basarisinin degerlendirildigi hayvan gurubunun da ben-
zer kosullarda yetistirilen ve genetik potansiyel olarak
da birbirinin benzeri hayvanlar olmalar daha isabetli
ongoriler yapilmasina olanak saglayacaktir. Bu agidan
bakildiginda calismada ele alinan yontemin siirii ya da
isletme bazinda kullanilmasi uygun olacaktir. Ozellikle
otomatik kontrol sistemlerinin kullanildigi isletmelerde
bireyler icin tahmin edilen degerlerden biyik sapmalar
gorilmesi durumunda bu hatalarin degerlendirilmesi
gerekmektedir.
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Summary

The aim of the present study was to analyse the aroA and X region of spa genes on Staphylococcus aureus isolates collected from milks
of native buffaloes in north-west of Iran. For this purpose, seventy five S. aureus isolates were examined by PCR-RFLP. Amplification of
AroA gene revealed a single amplicon with a size of approximately 1,153 bp, but restriction profile analysis of this amplicon yielded three
different genotypes including genotype A (9.3 %), B (88%) and N (2.7%). Amplification of X region of the spa gene showed an amplicon of
1110;1130; 1160; 1190 bp in 19, 15, 12 and 29 isolates, respectively. Hhal digestion of this amplicons demonstrated that the isolates having
the same PCR band size were in the same PCR-RFLP patterns and there was not variation into isolates belonged to the same PCR amplicon.

Keywords: Staphylococcus aureus, aroA gene, spa gene, PCR-RFLP

Manda Siitiinden Izole Edilen Staphylococcus aureus
Tiirlerinin Molekiiler Karakterizasyonu

Ozet

Bu calismanin amaci, iran'in Kuzey Batis’'nda yerli mandalarin stitlerinden izole edilen Staphylococcus aureus izolatlarinda spa genlerinin
aroA ve X bolgelerini analiz etmektir. Bu amagla, yetmis bes S. aureus izolati PCR-RFLP yontemi ile incelendi. AroA gen amplifikasyonu,
yaklasik olarak 1,153 bp buytkligtinde olan tek bir amplikon olusturmasina ragmen bu amplikon restriksiyon profil analizi ile genotip
A (9.3%), B (88%) ve N (2.7%) olmak Uzere Ug farkli genotipi olusturdugu belirlendi. spa geninin X bolgesinin amplifikasyonu 19, 15, 12
ve 29 izolatta sirastyla 1110, 1130, 1160 ve 1190 bp blyukliglinde fragman Urettigi gézlemlendi. Bu amplikonun Hhal enzimi ile kesimi,
ayni PCR bant buylkligiine sahip izolatlarin ayni PCR-RFLP profillerinde oldugunu ve ayni PCR amplikonuna ait izolatlar icinde varyasyon
olmadigini gosterdi.

Anahtar sézciikler: Staphylococcus aureus, aroA gen, spa geni, PCR-RFLP

INTRODUCTION

Buffaloes account for about 5 percent of the milk
production in the world but this rate is greater in the
Near East and Asia. Buffaloe milk is also considered as an
important milk source in Iran ™. Clinical and subclinical
mastitis are associated in decrease of milk production 2.

Among pathogenic bacteria wich have been isolated as
etiological agents of mastitis in ruminants, Staphylococcus
aureus has been mentioned as the main one. The
prevalence of subclinical and clinical bovine, caprine and

ovine mastitis caused by S. aureus ranges from 5 to 50%,
5.6 to 17%, 0.22 to 11% in different countries, respectively &,
However, only a few studies on staphylococcal mastitis
concerning buffalo infections have been published.
Staphylococcal mastitis is important in ruminants of Iran
and mastitis caused by this organism is a major cause of
economical losses in the Iranian dairy industry ¥. S. aureus
is also one of the main pathogens isolated from buffaloes
in this country Bl Some studies confirm this subject in
other countries in Asia 7.,

& lletisim (Correspondence)
+98 914 3008812
>4 jalal_shayeghi@yahoo.co.in



666

Molecular Characteristics of ...

Different molecular methods such as PCR - restriction
fragment length polymorphism (PCR-RFLP) analysis of the
virulence genes ®'%, multilocus sequence typing ", pulsed
-field gel electrophoresis >4, multilocus enzyme electro-
phoresis '>'% have been used molecular characterization
of the S. aureus isolates. Molecular characterization of
S. aureus isolated from bovine milk samples was studied
by many researchers "7l However, a few papers studied
molecular profile of S. aureus isolated from buffaloes in
worldwide B,

In contrast of some molecular studies on bovine
milk isolates of S. aureus in Iran “'¥], there are not similar
studies in buffalo isolates. The aim of the present study
was to characterize analysis of the aroA and spa gene of
S. aureus isolates collected from native buffaloes in
villages around of Tabriz city, Capital of East Azerbaijan
province in Iran.

MATERIAL and METHODS

Samples

Seventy five S. aureus isolates were isolated from
milk of buffaloes in Tabriz, Northwest of Iran from the
microbiology laboratory of Islamic Azad University, Tabriz
branch. All isolates had been confirmed by standard
biochemical tests ¥ and stored in brain heart infusion (BHI)
with 30% glycerol at -70°C, previously.

DNA Extraction

A colony of Brain heart infusion (BHI) agar was
transferred to a clean microtube and it was added 500 pl
lysis buffer (pH 8) including (containing 5 mol NaCl, 1 mol
Tris-base, 0.5 mol EDTA and CTAB 2%). Then incubated in
60-65°C for 2 h and centrifuged at 12.000 x g for 5 min.
The pellet was resuspended in CHCl,-isoamyl alcohol
(24:1), and centrifuged for five min at 12.000 x g. Pellet
was incubate with RNAase in 37°C for 30 min, then was
resuspended in cold isopropanol and transfer to -20°C
for 15 min. In the next step, ethanol 70% was added to

Fig 1. PCR-amplified aroA gene digested with the
Tagl. Lane M: DNA marker, Lanes 1,2,4,5,7 to 10,12
to14 Genotype B, Lanes 3,11 Genotype A, Lane 6 new
genotype in this study (N)

R RREIY -

500bp

Sekil 1. PCR ile amplifiye edilen aroA gen amplikonunun

Taql ile kesimi. Sira M: DNA marker, Siralar 1,2,4,5,7

‘den 10,12'den14’e Genotip B, Siralar 3,11 Genotip A, 200k
Sira 6 bu calismadaki yeni genotip (N)

2 3 4 5 6 7 8 9 10 11 12 13 14

supernatant and centrifuged for one min at 12.000 x g.
Finally, 50 pl TE-buffer was add to pellet and stored as
DNA template.

Confirmation Isolates by PCR

All isolates were confirmed as S. aureus by the detection
of nuc gene by PCR described by Brakstad et al.".

Molecular Typing by aroA Gene Restriction
Profile Analysis

The aroA gene was amplified by PCR using the special
primers ®. PCR products were digested with 50 U Tagql
(Fermentas) at 65°C for 3 h. All digested fragments were
assessed by electrophoretic separation in 2% (w/v) agarose
gels.

Molecular Typing by X Region of the spa
Gene Restriction Profile Analysis

Amplification of the repeat region of the S. aureus
protein A gene (spa) was performed by using a specific
primer set as described previously "8, PCR products
were digested with 50 U Hhal (Fermentas) at 37°C for 3 h.
All digested fragments were assessed by electrophoretic
separation in 2% (w/v) agarose gels.

RESULTS

According to amplification of the nuc gene, all 75
isolates confirmed as S. aureus.

AroA Gene Restriction Profile Analysis

AroA gene amplification revealed a single amplicon
with an expected size of approximately 1.153 bp, but
restriction profile analysis of mentioned gene by U Tagql
enzyme indicated three differentiated profile. Sixty-six of
the 75 isolates (88%) shows a profile known as genotype
B and 7 isolates (9.3%) as genotype A. Two isolates (2.7%)
have 4 detectable bands and were considered a different
genotype showed in this study (Fig. 1).
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Fig 3. PCR-amplified spa gene digested with the Hhal.
Lane M: DNA marker, Lane A: pattern produces by
1190 bp band size, Lane B: pattern produces by 1130
bp band size, Lane C: pattern produces by 1160 bp
band size and Lane D: pattern produces by 1110 bp
band size

750 hp
Sekil 3. PCR ile amplifiye edilen spa gen ampliko-
nunun Hhal ile kesimi. Sira M: DNA marker, Sira A:
1190 bp bant buyikligi treten profil, Sira B: 1130
bp bant buytkligu treten profil, Sira C: 1160 bp
bant biyuikligi Greten profil ve Sira D: 1110 bp bant
blyuklugu treten profil

500 hp

Analysis of x Region of the spa Gene

All of the 75 S. aureus isolates were PCR positive for X
region of spa gene. Amplification of the spa gene showed
an amplicon of 1110; 1130; 1160; 1190 bp in 19, 15, 12 and
29 isolates, respectively (Fig. 2).

PCR-RFLP of X region of the spa gene demonstrated 4
profiles. Isolates with same PCR band size were same into
the PCR-RFLP patterns and there was not variation into
isolates belonged to same PCR amplicon (Fig. 3).

DISCUSSION

This paper is the first report describing molecular
characteristic of S. aureus isolated from buffalo’s milk.
Studies of the molecular epidemiology of S. aureus
collected from cows have been already published in
the literature worldwide " and in Iran *'8, but there is
a few published studies of S. aureus isolated from
buffalo 522,

Similar to S. aureus isolated from other source amplicon
size of aroA gene is a 1,153-bp fragment and this confirmed
aroA gene is specific for S. aureus, hence it could be used

Fig 2. Agarose gel electrophoresis of PCR products
obtained from amplification of the spa gene. Lane M:
DNA marker, Lanes 1,2,3: 1160, Lanes 4,7: 1130, Lanes
5,6,8: 1110 and Lane 9: 1190 bp

Sekil 2. spa geninin amplifikasyonu sonuzu elde
edilen PCR drinlerinin agaroz jel elektroforezi. Sira
M: DNA marker, Siralar 1,2,3: 1160, Siralar 4,7: 1130,
Siralar 5,6,8: 1110 ve Sira 9: 1190 bp

as a powerful tool for the identification of S. aureus isolates
in buffaloes, too.

AroA gene restriction profile studies showed none
of S. aureus isolated from cattle were genotype C or D in
previous #8231, Qur study confirms this again in buffaloes
once. It may suggest that genotype C or D have link to
isolates from human origins. Marcos et al.® reported these
two genotype especially D (44%) from human isolates. In
animal, instead of genotype C or D, there are different RFLP
patterns with various bands named N reported up to 50%
in S. aureus with bovine origin %, In this study, we reported
2.7% these ones in buffalo’s isolates. High prevalence of
genotype B in animal origin isolates in the some studies,
included present study, showed this genotype may has
been link to animal source %2, In contrast, Marcos et al.®
reported low prevalence of genotype B in human isolates.

Koreen, et al.?¥ suggested a new typing method for S.
aureus based on sequencing of X region of staphylococcal
protein A (spa) gene instead of expensive, time-consuming
methods such as pulsed-field gel electrophoresis (PFGE),
multilocus enzyme electrophoresis (MLEE), multilocus
sequence typing (MLST). The X region of spa gene is very
highly polymorphism that reflex epidemiological variation
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among different S. aureus isolates. As a substitution for
Koreen, et al.?¥ method, Wichelhaus et al.?? designed
X region of spa gene based on PCR-RFLP, described
previously. We used the same method in this study.

The ampilcon size of X region of spa gene in different
S. aureus has varieties because of polymorphism of this
region of spa gene. The ampilcon size of X region of spa
gene in this study has not report in previous papers and it
may be belonged to new spa type. However, the PCR-RFLP
of the mentioned region of each different amplicon size
have not produced variation in internal of each groups and
this suggest sequence based spa typing for determination
of new spa type of S. aureus from buffaloes origin. On the
other hand, spa gene variation may be related with the
geographical and host factors similar to that of aroA gene.
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Summary

The knowledge of the growth curve in poultry science is very useful for describing growth kinetics and setting commercial
management procedures. The objective of this research was to fit the Gompertz growth curve from hatching weights to 42 d-old
weights of broilers in 3 stocking density groups. A total of 284 Ross 308 broilers randomly divided into 3 stocking density groups (9,
13 and 17 birds/m?) in this experiment. All birds were weighted weekly. The asymptotic weight (A) of broiler chickens for 9, 13 and 17
bird/m? stocking density groups were 4198.46, 3807.45 and 3999.92 g, respectively (P<0.05). The growth rates (K) of broiler chickens
for 9, 13 and 17 bird/m? stocking density groups were 0.055, 0.058 and 0.052, respectively (P<0.01). The coefficient of determination
for all stocking density groups were 0.998, 0.997 and 0.996, respectively (P<0.05). Moreover, the mean square error (MSE) value was
lowest for 9 bird/m? group (P<0.05). The current study suggested that stocking density of 9 bird/m? was better for the broiler growth
of the different stocking densities on the base of mature live weight (A), coefficient of determination (R?) and mean square error (MSE).

Keywords: Growth Curves, Gompertz model, Stocking Densities, Broiler

Farkl Yerlesim Sikhklarindaki Etlik Piliclerin Biiyiime Egrilerinin
Gompertz Modeli ile Karsilastiriimasi

Ozet

Kanatli biliminde blyime egrisinin bilinmesi bliyimenin tarifinde ve yetistirme tekniklerinin uygulanmasinda cok énemlidir. Bu
arastirmanin amaci kuluckadan 42. giin agirligina kadar Ug yerlesim sikliginda yetistirilen etlik piliclerden elde edilen canl agirliklari,
Gompertz blytime egrisi modeli ile tahmin etmektir. Denemede 3 yerlesim sikliginda (9, 13 ve 17 etlik pilic/m?) tesadifen dagrtilan
toplam 284 adet Ross 308 etlik pili¢ kullaniimistir. Bitiin hayvanlar haftalik olarak tartilmistir. 9, 13 ve 17 etlik pilic/m? yerlesim sikhginda
etlik piliclerin, asimptotik agirhklar (A) sirasiyla; 4198.46, 3807.45 ve 3999.92 g olarak (P<0.05); biiyiime orani (K) sirasiyla 0.055, 0.058
ve 0.052 olarak (P<0.01) tahmin edilmistir. Tim yerlesim sikliklarinda belirtme katsayisi degeri (R?) sirasiyla 0.998, 997 ve 0.996 olarak
bulunmustur (P<0.05). Ek olarak hata kareler ortalamasi (MSE) yerlesim sikligi 9/m? olan grupta en duisuktir (P<0.05). Bu calismanin
sonucunda tahmini ergin canli agirhda (A), belirtme katsayisi degeri (R2) ve hata kareler ortalamasina (MSE) gore 9 etlik pili¢/m? olan
yerlesim sikhginda etlik piliclerin blytmelerinin daha iyi oldugu soylenebilir.

Anahtar sozciikler: Biiyiime egrisi, Gompertz model, Yerlesim sikligi, Etlik pilic

INTRODUCTION

Poultry industries face various decisions in the operation . The stocking densities in broilers vary widely
production cycle that include nutrient and mineral supply by countries, husbandry systems and final body weights ©.
to birds, cost and type of feed, status of bird health, welfare  Although the use of high stocking densities can diminish
and environmental issues that affect the profitability of  individual growth B, increase in total production meat
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per unit of floor surface, which results in higher profit.
Thus, because of the economic benefits, producers have
reluctant to decrease stocking densities 72,

Although there have been various definitions of
growth given by different biologists, for the purposes of
quantitative analysis, growth was defined as the process
of an animal gaining weight with time until it reaches
maturity ®. Growth functions have been shown to be
valuable tools for analyzing growth responses to genetic
selection, environmental change "” and estimation of
daily nutrient requirements for growth ", An appropriate
growth functions provide a good way of summarizing the
information contained in such data into a few parameters
that can be interpreted biologically and physically "2,
Thus, the aim of the present study was to investigate the
effect of stocking density on the growth curve of broiler
chickens according to Gompertz growth model.

MATERIAL and METHODS

A total of 284 chicks (Ross 308) were selected from a
commercial flock. Chickens were wing-tagged at 1 d of
age and individual body weights were recorded weekly at
the end of each one-week period. The chicks were raised
in deep litter system and were subjected to the same
management, hygienic and climatic conditions. Chickens
were randomly placed into the floor systems in 3 stocking
density groups with 3 repetitions for each group. The three
stocking densities were 9 (density 1, 66 birds), 13 (density
2, 97 birds), and 17 (density 3, 121 birds), birds per m?
and were raised to 42 d of age. The space for density 1,
density 2 and density 3 were 2.77 m? 2.76 m? and 2.82 m?
respectively for per replicate.

Chickens were fed a 4-phase feeding program with
starter fed to first 11 d (23% CP and 3.050 kcal/kg of ME),
grower fed from 12 to 21 d (22% CP and 3.100 kcal/kg of
ME), finisher fed from 22 to 35 d (20% CP and 3.200 kcal/kg
of ME ) and a withdrawal feed from 36 to 42 d (18% CP and
3.200 kcal/kg of ME). Diets were provided ad libitum and
the birds had free access to water. Birds in all 3 groups were
allocated with equal space of feeders and drinkers.

The birds were raised according to a typical commercial
management program. The photoperiod was 24 h/day.

Temperature started at 32.0°C and was gradually reduced
1°C degrees every day until 22.0°C was attained, after
which temperature remained constant.

The widely used nonlinear growth model, Gompertz
function was applied to estimate the mean age-live weight
relationship 3. The mathematical relation of this model
was as follows:

W =A.exp(-B.exp™)
Where;

(W) is the body weight (g) at age (t); (A) is the asymptotic
weight or maximum growth response (g); (B) is the initial
weight; (K) is the growth rate; (t) is the age in days.

Statistical Analysis

The Gompertz nonlinear regression model ' was
employed using the SAS statistical package program '3,
The results obtained with Gompertz models was evaluated
in an Excel spreadsheet. Kolmogorov-Smirnov test was
performed to check the assumption of normality for
Gompertz models coefficients. However, the estimated
coefficients were non homogeneously distributed (P<0.05).
Therefore, the coefficient differences were determined by
the Kruskal Wallis H test. Dunn’s multiple comparison tests
was also used to compare groups.

RESULTS

The estimated parameter values by using the Gompertz
growth function for live weight of broiler chickens for
different stocking densities are given in Table T and growth
curvesin Fig 1.

Stocking density significantly affected the asymptotic
weight (P<0.05), initial weight (P<0.01), growth rate (P<0.01),
determination of coefficients (P<0.05) and the mean
square error (P<0.01).

DISCUSSION

In the current study, predicted asymptotic weights
(A) were 4198.455, 3807.447 and 3999.922 g for stocking
densities of 9 bird/m?, 13 bird/m? and 17 bird/m?

Table 1. Effects of stocking density on growth parameters estimated by Gompertz model

Tablo 1. Gompertz modelle tahmin edilen biiyiime parametreleri lizerine yerlesim sikliginin etkisi

Stocking Density (Bird/m?) A B K R? MSE
9 4198.46+442.73° 4.83+0.342* 0.055+0.006° 0.998° 2110°
13 3807.45+436.49° 4.78+0.3872 0.058+0.0072 0.997% 2846°
17 3999.92+585.65* 4.56+0.387° 0.052+0.008¢ 0.996° 29500
P <0.019 <0.001 <0.001 <0.011 <0.012
(A) The asymptotic or mature weight (g); (B) the initial weight; (K) the growth rate; (R?) determination of coefficients; (MSE) the mean square error
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respectively. Differences between stocking densities were
observed in the Gompertz function parameters (P<0.05).
Based on calculated A value, asymptotic weight for stocking
densities is arranged in descending order as 9 bird/m? 17
bird/m? and 13 bird/m?. Although Santos et al."® found
similar asymptotic weight in their study (4136-4320 g).
However, other studies usually reported lower asymptotic
weight (Roush et al.'”], 2936 g; Mignon-Grasteau et al.l'®;
3472 g, and Norris et al."?; 2691-2819 g). Overall 9 bird/m?
group had higher estimates for asymptotic weight. Lower
stocking density may contribute to animal welfare, reduce
stress and consequently resulted in better performance.

The estimation of the initial weight (B) was lower in the
stocking density of 17 bird/m?, while stocking density of 9
bird/m? showed higher values. The growth rates (K) were
ranged from 0.052 to 0.058, showing the early growth
rates for chicks in stocking density of 13 bird/m? group
compared with others. Different ranges for (K) values had
been previously reported. Lower values were reported
by Yakupoglu and Atil 2%, Mignon- Grasteau et al."®, and
Norris et al.". Similar values for the growth rate K were
estimated by Marcato et al.?". However, Santos et al.'®
and Goliomytis et al.?? reported higher (K) values when
compared with the present study. The higher estimated
growth rate values (K) suggested that broiler chickens in
stocking density of 13 bird/m? group mature earlier than
other chickens. It can be expected that individuals with
lower K values would reach to the asymptotic weight (A)
later than individuals with higher K values 2324,

The determination of coefficients (R?) of stocking
density groups were quite high indicating excellent fit of
the data. Differences were observed for R? values among
the various density groups. All densities have considerably
high R? values. R? values were highest for birds in 9 bird/m?
stocking density group (R>=0.998), intermediate for birds
in 13 bird/m? stocking density group (R’>=0.997) and lowest
for birds in 17 bird/m? stocking density group (R?=0.996)
(P<0.05). These findings are in agreement with the previous
reports 16171 Grasteau et al.'"¥ have calculated the R?
values of 0.980 through Gompertz models for broilers.
In the current study, the mean square error (MSE) values
ranged from 2110 to 2950. The stocking density 9 bird/m2
group ranked the highest due to the lowest MSE value. The

~4—19 birds/m2

-17 birds/m2

Fig 1. Estimated growth curves of Ross 308 chickens in different
stocking density groups (1 to 42 d of age)

== 13 birds/m2

Sekil 1. Farkl yerlesim sikhginda 1-42. giin yasa kadar Ross 308
etlik piliclerin tahmin edilen blyime egrisi

MSE values in the current study suggested the stocking
density 9 bird/m? depict better assessment for the growth
of the stocking densities. Many authors "' found similar
results using the models outlined in this study.

Body weight and growth rates are economically
important features for broiler productions. The present
study provides information about the effect of stocking
density on some growth function parameters in broilers.
In this study, the stocking density of 9 bird/m?seemed to
be appropriate for describing the broiler growth of the
stocking densities according to the asymptotic or mature
weight, determination of coefficients and the mean square
error values.

REFERENCES

1. Durmani Kuhi H, Porter T, Lopez S, Kebreab E, Strathe AB, Dumas A,
Dijkstra J, France J: A review of mathematical functions for the analysis
of growth in poultry. World Poultry Sci J, 66 (2): 227-240, 2010.

2. Sarica M, Erensayin C: Etlik pili¢ yetistiriciligi. In, Tirkoglu M, Sarica M
(Eds): Tavukguluk Bilimi. s.239-263, Bey Ofset Matmacilik, Ankara, 2009.
3. Sekeroglu A, Berberoglu E, Demir E, Sarica M: Etlik piliclerde yerlesim
sikhginin performansa ve atlik nem duzeyine etkisi. 1. Doguanadolu
Kanatl Sempozyumu, 21-24 Mayis, Van, s.11-16, 2001.

4. El-Deek AA, Al-Harthi MA: Responses of modern broiler chicks to
stocking density, green tea, commercial multi enzymes and their
Interactions on productive performance, carcass characteristics, liver
composition and plasma constituents. Int J Poult Sci, 3 (10): 635-645,
2004.

5. Tiirkyilmaz MK: The effect of stocking density on stres reaction in
broiler chickens during summer. Turk J Vet Anim Sci, 32 (1): 31-36, 2008.

6. Skomorucha I, Muchacka R, Osnéwka-Czajka SE, Herbul E: Response
of broiler chickens from three genetic groups to different stocking
densities. Ann Anim Sci, 9 (2): 175-184, 2009.

7. Shanawany MM: Broiler performance under high stocking densities.
Br Poult Sci, 29 (1): 43-52, 1988.

8. Feddes JJR, Emmanuel EJ, Zuidhoft MJ: Broiler performance, body
weight variance, feed and water intake, and carcass quality at different
stocking densities. Poult sci, 81 (6): 774-779, 2002.

9. Porter T, Kebreab E, Darmani Kuhi H, Lopez S, Strathe AB, France
J: Flexible alternatives to the Gompertz equation for describing growth
with age in turkey hens. Poult Sci, 89 (2): 371-378, 2010.

10. Goto T, Goto N, Shiraishi J, Bungo T, Tsudzuki M: Comparison of
growth curves of four breed of Japanese native chicken, onaga-dori, tosa-
jidori, ukokkei and hinai-dori. J Anim Vet Adv, 9 (9): 1362-1365, 2010.

11. Ahmadi H, Mottaghitalab M: Hyperbolastic models as a new
powerful tool to describe broiler growth kinetics. Poult Sci, 86 (11): 2461-
2465, 2007.



672

Comparison of Growth Curves ...

12. Fitzhugh HA: Analysis of growth curves and strategies for altering
their shape, J Anim Sci, 42 (4): 1036-1051, 1976.

13. Mignon-Grasteau S, Beaumont C, Le Bihan-Duval E, Poivey JP,
Rochambeau de H, Ricard FH: Genetic parameters of growth curve
parameters in male and female chickens. Br Poult Sci, 40 (1): 44-51, 1999.

14. Rogers SR, Pesti GM, Marks HL: Comparison of three nonlinear
regression models for describing broiler growth curves. Growth, 51 (2):
229-239,1987.

15. SAS: Version 8.01 SAS Institute Inc., Cary, NC. 1999.
16. Santos AL, Sakomura NK, Freitas ER, Fortes CMS, Carrilho ENVM:

Comparison of free range broiler chiken strains raised in confined or
semi-confined systems. Braz J Poultry Sci, 7 (2): 85-92, 2005.

17. Roush WB, Dozier WA, Branton SL: Comparision of Gompertz and
neural networks models of broiler growth. Poult Sci, 85 (4): 794-797, 2006.
18. Mignon-Grasteau S, Piles M, Varona L, de Rochambeau H, Poivey
JP, Blasco A, Beaumont C: Genetic analysis of growth curve parameters
for male and female chickens resulting from selection on shape of growth
curve.JAnim Sci, 78 (10): 2515-2524, 2000.

19. Norris D, Ngambi JW, Benyi K, Makgahlela ML, Shimelis HA,

Nesamvuni EA: Analysis of growth curves of indigenous male Venda and
Naked Neck chickens. S Afr J Anim Sci, 37 (1): 21-26, 2007.

20. Yakupoglu C, Atil H: Comparison of growth curve models on broilers
growth curve 1: parameters estimation. Online J Biol Sci, 1 (7): 680-681,
2001.

21. Marcato SM, Sakomura NK, Kawauchi IM, Barbosa NAA, Freitas
EC: Growth of body parts of two broiler chicken strains. EPC2006 Xl
European Poultry Conference, 10-14 September, Verona - Italy, http://www.
cabi.org/animalscience/Uploads/File/AnimalScience/additionalFiles/
WPSAVerona/10522.pdf, 2006.

22. Goliomytis M, Panopoulou E, Rogdakis E: Growth curves for body
weight and major component parts, feed consumption, and mortality
of male broiler chickens raised to maturity. Poult Sci, 82 (7): 1061-1068,
2003.

23. Taylor CS, Fitzhugh HA: Genetic relationships between mature
weight and time taken to mature within a breed. J Anim Sci, 33 (4): 726-
731,1971.

24. Brown JE, Fitzhugh HA, Cartwright TC: A comparison of nonlinear

models for describing weight age relationships in cattle. J Anim Sci, 42 (4):
810-818, 1976.



Kafkas Univ Vet Fak Derg ; Hone-Pace: httoy/vetderai kafkas edu.
OURNAL Home-PacE: http://vetdergi.kafkas.edu.tr
19 (4): 673-679, 2013 ONLINE Susmission: http://vetdergikafkas.org RESEARCH ARTICLE

DOI: 10.9775/kvfd.2013.8644

Effects of Dietary Inclusion of Plant Extract Mixture and Copper
into Layer Diets on Egg Yield and Quality, Yolk Cholesterol and
Fatty Acid Composition "

Adem KAYA '~ Hatice KAYA' Muhlis MACIT'  Saban GELEB| !
Nurinisa ESENBUGA ' M. Akif YORUK 2 Mevitt KARAOGLU !

[1] This reseach was supported by Atatiirk University Scientific Research Projects (BAP 2009-21)

! Department of Animal Sciences, Agricultural Faculty, Atatlrk University, TR-25240 Erzurum - TURKEY
2 Department of Animal Nutrition and Nutritional Disorders, Veterinary Medicine Faculty, Atatlrk University, TR-25240
Erzurum - TURKEY

Makale Kodu (Article Code): KVFD-2013-8644

Summary

This study was conducted to determine the effects of plant extract mixture (PEM) inclusion at different levels and copper into diets
of hens on performance, egg quality traits, yolk and serum cholesterol content and yolk fatty acid composition. A total of 192 Lohmann
white layers, 38 wks of age, were used in this study. The experiment was carried out on a control and 7 treatments groups (basal diet
plus 200 mg/kg copper (CuSO,.5H,0), 500 mg/kg PEM, 500 mg/kg PEM + 200 mg/kg copper, 750 mg/kg PEM, 750 mg/kg PEM + 200
mg/kg copper, 1000 mg/kg PEM + 200 mg/kg copper). PEM, copper and PEM plus copper combinations did not affect performance
parameters. Increasing level of PEM increased quadratically shell stiffness and linearly shell thickness, but did not affect other egg traits.
Treatments had no a significant effect on cholesterol and trigliserid concentrations of egg and serum. While supplemented PEM and
copper did not affect fatty acid level of yolk, PEM plus copper combination increased oleic acid and total MUFA levels. Results obtained
from present study showed that supplementation of a mixed herbal product containing Origanum vulgare (dried leaf), Thymus vulgaris
(dried leaf), thyme oil, origanum oil, garlic oil, anise oil and fennel oil to diets of laying hens can be beneficial to improve egg quality
traits especially such as shell stiffness and thickness.

Keywords: Plant extract mixture, Copper, Performance, Egg quality, Cholesterol, Fatty acid composition of yolk

Yumurtaci Tavuk Rasyonlarina Farkli Seviyelerde Bitki Ekstrakti
ve Bakir ilavesinin Yumurta Verimi ve Kalitesi, Yumurta Sarisi
Kolesterolu ve Yag Asidi Kompozisyonuna Etkileri

Ozet

Bu calisma, yumurtaci tavuk rasyonlarina ilave edilen farkli seviyelerde bitki ekstrakt karisiminin ve bakirin performans, yumurta
kalitesi, yumurta sarisi ve serum kolesterol icerigi ile yumurta sarisi yag asidi kompozisyonu lizerine etkisini belirlemek amaciyla
yUratilmastar. Arastirmada; 38 haftalikyasta 192 adet Lohmann beyaz yumurtaci tavuk kullaniimistir. Deneme, bir kontrol ve 7 muamele
(200 mg/kg bakir, 500 mg/kg bitki ekstrakt karisimi, 500 mg/kg bitki ekstrakt karisimi + 200 mg/kg bakir, 750 mg/kg bitki ekstrakt
karisimi, 750 mg/kg bitki ekstrakt karisimi + 200 mg/kg bakir, 1000 mg/kg bitki ekstrakt karisimi, 1000 mg/kg bitki ekstrakt karisimi +
200 mg/kg bakir) grubundan olusmustur. Bitki ekstrakt karisimi, bakir ve bakir ile bitki ekstrakt karisiminin performans parametrelerini
etkilemedigi tespit edilmistir. Bitki ekstrakt karisiminin artan seviyesi kirlma mukavemetini ve kabuk kalinligini artirmasina ragmen
diger yumurta kalite kriterlerin de dnemli bir etkiye sahip olmadigi saptanmistir. Muamele gruplari arasinda yumurta sarisi kolesterol
ve trigliserid orani ile serum kolesterol ve trigliserid oranlari bakimindan énemli bir farkliligin olmadigi tespit edilmistir. Bitki ekstrakt
karisimi ile bakir kombinasyonu yumurta sarisinda oleik asit ve toplam MUFA seviyesini artirirken diger uygulamalarin yumurta sarisi
yag asidi orani tizerine etkisinin olmadigi belirlenmistir. Sonug olarak; yumurtaci tavuk rasyonlarina kekik, kekik otu, kekik yagi, sarimsak
yadl, anason ve rezene yagindan olusan bitki ekstrakt karisimi ilavesinin yumurta kalite kriterlerini 6zellikle kabuk kalinligi ve kiriima
mukavemetini artirmada faydali olabilecegi soylenebilir.

Anabhtar sozciikler: Bitki ekstrakt karisimi, Bakir, Performans, Yumurta kalitesi, Kolesterol, Yumurta sarisi yag asit kompozisyonu
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INTRODUCTION

It is known that a raised concentration of serum LDL-
cholesterol increases the risk of coronary heart disease .
It is also known that the intake of egg cholesterol contri-
butes to an elevation of the level of serum is considered
relevant to find ways to produce eggs low cholesterol 23,
Nutritionist have been able to alter the diet of laying
hens so that their eggs contain less cholesterol than the
standard eggs. Results obtained from different studies
have successfully demonstrated that natural products ¥
and copper ! could offer solutions to the health problem
and cholesterol reduction. Natural products, essential
extracts or oil derived from herbs and spices, exhibit hypo-
cholesterolemic effect ©. The hypocholesterolemic effect
of essential oils has been reported for chickens ., It was
reported that the pure components of essential oils inhibit
hepatic 3-,hydroxy-3-methylglutaryl coenzyme A (HMG-
CoA) reductase activity which is a key regulatory enzyme
in cholesterol synthesis ',

Copper (Cu) is an essential mineral which serves as a
cofactor in many enzyme system?'. Research evidences
demonstrated that pharmacological levels of Cu (>250 mg/
kg diet) caused changes in 17 beta-estradiol and enzymes
involved in carbohydrate, lipid and amino acid metabolism in
mature laying hens and suggested that copper supplements
can affect reproductive physiology and lipid metabolism '3,
Kim et al.' indicated that reduced glutathione by
addition of copper may play a major role in cholesterol
homeostasis. Also, Iduwu et al.l'"! reported that copper
regulates cholesterol biosynthesis by reducing hepatic
glutathione concentrations which is known to regulate
cholesterol biosynthesis through the stimulation of
the enzyme 3- hydroxy-3-methyl glutaryl coenzyme A
(HMG-Co A) reductase, a key regulatory enzyme in cholesterol
synthesis. Pesti and Bakalli ¥ obtained a reduction in egg
yolk cholesterol concentration and an increase in egg
production when 125 and 250 mg/kg dietary levels of Cu
were fed on White Leghorn hens. Skrivan et al.'® suggested
that copper supplementation at 200 mg /kg level in broiler
diet had beneficial effects on growth performance. The
maximum dietary tolerable level of copper for poultry
was set at 300 mg kg according to NRC "7, Chiou et al.l"®
reported that Layer diets containing 200 mg Cu per kg
gave a positive response on the performance, liver function
and enzyme activities but high dietary copper dosage
(400, 600 or 800 mg kg™') gived a progressively negative
response.

The objective of this study was to examine the dietary
effect of the single or combination feeding of plant extracts
mixture including Origanum vulgare (dried leaf), Thymus
vulgaris (dried leaf), thyme oil, origanum oil, garlic oil, anise
oil and fennel oil at different levels and copper on laying
performance, egg quality, yolk fatty acid composition, yolk
and serum cholesterol and trigliserid content.

MATERIAL and METHODS

This experiment was conducted by the researchers
based on protocols by Atattirk University Ethical Commission
Report (No: 24.04.2009/5/54).

A total of 192 Lohmann white layers, 38 weeks of age, were
randomly allocated eight groups, each formed 6 replicate
cages as subgroups, comprising of four hens. Experimental
diets were (1) a standard commercial layer diet (Control),
(2) a diet including 200 mg/kg copper (CuSO,.5H,0), (3) a
diet including 500 mg/kg plant extracts mixture, (4) a diet
including 500 mg/kg plant extracts mixture + 200 mg/kg
copper, (5) a diet including 750 mg/kg plant extracts, (6) a
diet including 750 mg/kg plant extracts mixture + 200 mg/
kg copper, (7) a diet including 1.000 mg/kg plant extracts
and (8) a diet including 1.000 mg/kg plant extracts mixture
+ 200 mg/kg copper for 14 weeks including adaptation
period of 2 weeks. Diets were formulated according to
NRC!7 and chemically analyzed by the AOAC " (Table 1).
A commercial blend of PEM Fitococci® contained 463 g/kg
active ingredients *, basically including Origanum vulgare
(dried leaf), Thymus vulgaris (dried leaf), thyme oil, origanum
oil, garlic oil, anise oil and fennel oil. PEM and Cupric sulfate
(CuS0O,.5H,0) as a copper source were provided from
Farmavet International Inc.,, Kocaeli, 41400, Turkey. During
the experimental period, hens were fed ad libitum once
daily at 08:30 h and water was available all the times. Hens
were subjected to a 16L:7D cycle.

Feed intake and egg production were recorded daily,
egg weight was measured bi-weekly, and body weight
was measured at the end of experimental period. Feed
conversion ratio (FCR) was expressed as kilogram of feed
consumed per kilogram of egg produced. To evaluate egg
quality parameters 12 egg samples were randomly picked
up from each experimental group every month. Before
determination of egg quality parameters such as shape index,
shell strength, shell thickness, albumen index, yolk index,
yolk color (Yolk Colour Fan, the CIE standard colorimetric
system, F. Hoffman-La Roche Ltd., Basel, Switzerland),
and Haugh unit, samples were stored for 24 h in room
temperature. They were assessed according to the method
of Kaya et al.”%!.

At the end of the experiment period, blood and egg
samples were taken from the each replicate in order to
determine the ratio of triglyceride and cholesterol. Tri-
glyceride and cholesterol rations of blood and egg samples
were assessed according to the method of Kaya and Macit®".

Sample of 5 eggs was randomly collected from each

* Active ingridients given by Farmavet International Inc: 1,8-Cineole (0.24%),
Allicine (0.24%), Alliine (0.12%), Alpha-Pinene (0.12%), Alpha Terpineol (0.70%),
Borneol (0.18%), Caffeic-Acid (2.28%), Camphene (0.08%), Carvacrol (4.48%),
Eugenol (0.12%), Geraniol (1.04%), Limonene (0.56%), Linalool (0.96%), Myrcene
(0.18%), P-Cymene (2.38%), Phenol (0.86%), Polyphenol (6.00%), Tannin (12.9%),
Rosmarinic-Acid (7.60%), Terpinen-4-Ol (0.06%), Ursolic Acid (1.92%), Tymol
(3.26%)
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experimental group for fatty acid (FA) analysis at the
end of the trial. The FA profile was determined with gas
chromatograph (HP Agilent Technologies 6890N, Inc.
Headquarters Santa Clara, US). Method identified by Yiksel
et al.?? was used to determine FA levels of yolk samples.

The experimental data were sitatistically analysed to
the general linear models procedure of SPSS 3. Polynomial
contrast was constructed to determine the effect of the

Table 1. Ingredients and chemical composition of the experimental basal diet

Tablo 1. Bazal rasyonun bilesimi ve kimyasal komposizyonu

q Chemical Composition
()

HEE (%) (Analyzed on Dry Matter Basis)

Corn 52.81 Dry matter (%) 89.47

Soybean meal 18.13 | Crude protein (%) 16.50

Wheat 6.00 Crude fiber (%) 4.49

Full fat Soybean oil 1.65 Crude ash (%) 11.70

Sunflower meal 7.50 Ether extract (%) 4.88

Corn gluten meal 2.04 Lysine (%) 0.7

Soybean oil 1.60 Methionine (%) 0.33

Ground limestone 6.82 Calcium (%) 34

Salt 0.30 Total phosphorus (%) 0.7

Di-calcium phosphate 18 | 2.65 | ME"kcal/kg 2720

DL-Methionine 99% 0.15

L-Lysine 0.10

Vit-Min 0.25
Each two kilogram of vitamin- mineral premix contained 12.000 IU of
retinyl palmitate, 2.500 IU of cholecalciferol, 30 IU of DL-a-tocopheryl
acetate, 34 mg of phylloquinone, 3 mg of thiamin, 6 mg of riboflavin, 30
mg of nicotin amid, 10 mg of Ca-D-pantothenate, 5 mg of pyridoxine, 15
mg of cobalamin, 1 mg of folic acid, 50 mg of D-Biotin, 300 mg of choline
chloride, 50 mg of ascorbic acid, 80 mg of manganese, 60 mg of iron, 60 mg
of zinc, 5 mg of copper, 2 mg of iodine, 5 mg of cobalt, 150 mg of selenium”
Metabolizable Energy Calculated

feeding level of PEM in the diets. The effects of the dietary
treatments on response variables were declared to be
significant at P<.05.

RESULTS

The effects of single feeding of PEM or Cu and
combination of copper and PEM on the performance
traits are presented in Table 2. Dietary additives did not
have significant effect on final body weight and body
weight change of hens. Similarly, feeding as the single or
combination of plant extract mixture at different levels
and copper did not affect the egg weight, egg production,
feed intake, feed conversion ratio and broken egg rate.

The egg quality traits of hens fed a diet supplemented
with PEM and Cu or combination of copper and PEM are
shown in Table 3. Shape index, shell weight, yolk index,
albumen index and haugh unit were not affected by
adddition of PEM (P>.05). But PEM supplementation
affected shell stiffnes and shell thickness (P<.05). Shell
stiffnes was quadratically increased by increasing level of
PEM. On the other hand, a significant linear increase was
found in shell thickness when PEM at 500, 750 and 1000 mg/
kg levels was added to layer diets. The supplementation
of copper had no significant effect on egg quality traits
except for yolk color. Egg quality traits were not influenced
by feeding of combination of PEM and copper.

The effect of inclusion of PEM at 500, 750 and 1000 mg/
kg levels into diet on ratios of cholesterol and triglyceride
as a percentage of total lipids in serum and egg yolk is
presented in Table 4. Cholesterol and trigliserid concentra-
tions of yolk and serum were not affected by dietary treat-
ments.

Table 5 shows the dietary effects of PEM, 200 ppm

Table 2. Effects of plant extract mixture and copper on laying performance parameters

Tablo 2. Bitki ekstrakt karisimi ve bakirin performans parametreleri (izerine etkisi

PEM mg/kg Cu ppm IBW (g) FBW (g) BWC (g) EW (g) EP (%) Fl (g/d) FCR' DER (%)
0 1627.27 1760.00 132.83 67.54 89.02 131.85 2.20 0.03
0 200 1560.83 1705.83 145.00 66.72 85.68 123.35 2.17 0.27
0 1525.63 1650.63 125.00 65.96 90.29 128.20 2.16 0.13
°%0 200 1593.96 1668.96 75.00 65.89 90.03 130.12 2.20 0.17
0 1622.08 1723.33 101.25 67.64 87.54 128.44 2.19 0.20
70 200 1576.04 1681.67 105.63 64.56 90.39 128.40 2.18 0.23
0 1597.92 1698.13 100.21 66.22 90.78 127.87 2.14 0.07
1000 200 1587.71 1670.00 82.29 64.12 85.75 125.24 2.32 0.40
SEM 29.95 30.55 21.93 1.13 2.27 241 0.24 0.11
PEM 0.55 0.12 0.16 0.39 0.65 0.73 0.54 0.83
Cu 0.53 0.23 0.41 0.06 0.37 0.18 0.25 0.06
PEM*Cu 0.14 0.66 0.50 0.56 0.33 0.17 0.59 0.47
IBW= Initial body weight, FBW= Final body weight, BWC= Body weight change, EW= Egg weight, EP= Egg production rate, Fl= Feed intake, FCR= Feed
conversion ratio (kg feed:kg egg), DER= Damage egg rate, PEM= plant extracts mixture, SEM= Standart error of mean, Cu= Copper
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Table3. Effects of plant extract mixture and copper on egg quality parameters

Tablo 3. Bitki ekstrakt karisimi ve bakirin yumurta kalite parametreleri iizerine etkisi

PEM mg/kg 0 500 750 1000 PEM/
e Polinomial o e
Cu mg/kg 0 200 0 200 0 200 0 200
SI (%) 74.22 74.44 73.89 73.83 73.42 73.61 74.17 74.94 0.65 0.38 0.54 0.93
SS (kg/cm?) 0.84 1.03 1.14 1.20 0.95 0.91 0.90 0.84 0.07 0.01/(Q) 0.44 0.26
ST (mmx1072) 0.39 0.40 0.39 0.40 0.39 0.40 0.43 0.42 0.01 0.00 /(L) 0.49 0.58
SW () 8.55 8.37 8.32 8.80 8.22 8.22 8.37 8.17 0.17 0.18 0.84 0.20
YC 8.83 8.39 8.44 8.11 8.33 7.50 8.17 7.78 0.23 2.02 0.00 0.70
Y1 (%) 42.71 42.44 43.09 43.74 43.15 43.58 43.20 42.50 0.54 0.35 0.95 0.58
Al (%) 8.32 8.44 8.44 8.90 8.85 7.93 8.20 8.86 0.39 0.87 0.76 0.20
HU 82.01 82.65 83.03 84.52 84.20 80.17 80.83 85.04 1.66 0.77 0.62 0.11
SI= Shape index, SS= Shell strenght, ST= Shell thickness, SW= Shell weight, YC= Yolk color, YI= Yolk index, Al= Albumen index, HU= Haugh unit,
PEM= Plant extract mixture, SEM= Standart error mean, Cu= Copper, L= Linear effect of PEM supplementation; Q= Quadratic effect of PEM supplementation

Table 4. Effects of plant extract mixture on cholesterol and trigliserid level of egg and serum (%)

Tablo 4. Bitki ekstrakt karisimi ve bakirin yumurta sarisi ve serum kolesterol ile trigliserid oranlari lizerine etkisi (%)

PEM mg/kg 0 500 750 1000
SEM PEM Cu PEM*Cu
Cu mg/kg 0 200 0 200 0 200 0 200
. m Chol 18.84 18.19 18.25 20.99 17.77 18.95 17.45 16.22 1.26 0.19 0.57 0.39
(o]
99y Trig 60.54 56.00 56.33 60.35 58.52 61.33 61.29 59.03 1.72 0.57 1.0 0.06
< Chol 24.35 23.52 2333 22.83 23.33 23.12 2334 23.00 0.65 0.54 0.32 0.97
erum
Trig 43.87 4517 45.36 45.26 42.63 44,12 4415 43.09 0.92 0.15 0.53 0.47
Chol= Cholesterol, Trig= Trigliserid, PEM= Plant extract mixture, SEM= Standart error mean, Cu= Copper

copper and combination of PEM and copper on fatty acid
composotion of yolk. While supplemented PEM and copper
did not affect fatty acid level in yolk, PEM with copper
combination increased oleic acid and total monoun-
saturated fatty acid (MUFA) level (P<.05).

DISCUSSION

Present study, significant differences were observed
among the groups with respect to performance para-
meters at the end of the 14-week experimental period. A
similar observation was reported by Bozkurt et al.”! who
determined that body weight was not affected by addition
of an essential oil combination to the layer diets. Arpasova
et al.?? concluded that body weight was not influenced diet
including 0.25 ml/kg thyme essential oil in the laying hens.
But Cabuk et al.* found that essential oils had the positive
effects on body weight of laying hens. In accordance with
the present findings, Orhan and Eren ¢ reported that
the addition of essential oil mixture including Origanum
vulgare (leaf), Thymus vulgaris (leaf), thyme oil, origanum
oil, garlic oil, anise oil and fennel oil into laying hen diets had
no significant effect on egg weight, egg production, feed
conversion ratio, feed consumption. In agreement with
the present study, Aksu and Bozkurt 27 found that body
weight, feed intake, and feed efficiency of broilers were
not affected by the adding of essential oils at the level of

1.000 mg/kg. Similarly, Kdksal and Kiiclkersan ¥ reported
that supplementation of essential oil into basal diet at level
of 0.75 g/kg did not have significant effect on performance
including body weight, body weight gain, feed intake and
feed conversion ratio in broilers. Specific effects of the
essential oils on laying performance have not received
much attention because poultry may not acutely respond
to flavor 2%, In contrast to our results, a study has observed
that the addition of essential oil mixture into a layer diet has
positive effect on egg weight and egg production rate 5.
Chandra et al.?" reported that the supplementation of
dietary copper at different levels (50, 75, 100, 125, 150 and
175 mg Cu per kg diet) into layer diets had no significant
influence on performance parameters. Kaya and Macit 2"
reported that egg weight, egg production and feed
consumption decreased with 200 mg/kg Cu sulfate
supplementation but feed conversion ratio and cracked
egg were not affected. Pekel and Alp 52 postulated that
supplementation with 250 mg/kg of Cu sulfate improved
egg production but decreased egg weight and feed intake.

Except for shell stiffness and shell thickness, none of the
egg quality traits were affected by PEM. In contrast to our
study, other researchers have observed that the addition
of essential oil mixture to layer diet did not have significant
effect on shell strenght ©2%%%, Similarly Nasiroleslami and
Torki B3 reported that adding 300 mg/kg fennel essential
oil to laying hen diet improved shell thickness. In contrast



677

KAYA, KAYA, MACIT, CELEBI
ESENBUGA, YORUK, KARAOGLU

Table 5. Effects of plant extract mixture and Cu on fatty acid composition of egg yolk (%)

Tablo 5. Yumurta tavuk rasyonlarina bitki ekstrakt karisimi ve bakir ilavesinin yumurta sarist yag asidi komposizyonu lizerine etkisi (%)

PEM mg/kg 0 500 750 1000
SEM PEM Cu PEM*Cu

Cumg/kg 0 200 0 200 0 200 0 200

C14:0 0.28 0.28 0.27 0.32 0.27 0.27 0.23 0.26 0.02 0.08 0.17 0.49

C14:1 0.01 0.01 0.02 0.03 0.01 0.02 0.02 0.02 0.01 0.28 0.22 0.89

C15:0 0.03 0.04 0.03 0.04 0.02 0.02 0.02 0.02 0.01 0.12 0.90 0.38

C16:0 25.93 25.78 25.45 26.58 26.10 26.04 25.19 25.93 0.45 0.66 0.20 0.41

C16:1 2.16 2.34 233 2.72 244 2.63 2.28 235 0.20 0.37 0.15 0.88

C17:0 0.18 0.17 0.18 0.17 0.16 0.15 0.18 0.16 0.01 0.367 0.10 0.98

C17:1 0.08 0.08 0.08 0.08 0.08 0.08 0.07 0.08 0.01 0.68 0.58 0.56

C18:0 9.63 9.57 9.33 9.11 8.95 8.80 9.16 9.58 0.30 0.13 0.99 0.71

C18:1t (n-9) 0.06 0.06 0.06 0.07 0.06 0.02 0.06 0.05 0.02 0.38 0.36 043

C18:1c (n-9) 37.95° | 38.27* | 37.98° | 36.02 | 37.68° | 39.05° | 37.95" | 38.46® 0.55 0.07 0.88 0.03

C18:2t (n-6) 1.50 1.59 1.60 1.60 1.62 1.76 1.60 1.59 0.06 0.16 0.18 0.57

C18:2c (n-6) 16.97 16.57 17.21 17.79 17.25 16.02 17.48 16.54 0.60 0.50 0.25 0.46

C18.3 (n-6) 0.12 0.11 0.12 0.1 0.10 0.07 0.09 0.10 0.02 0.13 0.34 0.51

C18.3 (n-3) 0.40 0.42 0.44 0.48 0.45 0.39 0.45 0.40 0.03 0.45 0.60 0.33

C20:1 0.19 0.22 0.20 0.19 0.22 0.21 0.20 0.21 0.01 0.50 0.51 0.47

C20:2 0.19 0.20 0.21 0.21 0.21 0.19 0.19 0.20 0.01 0.61 0.87 0.65

C20:3 (n-6) 0.18 0.19 0.19 0.19 0.18 0.17 0.14 0.17 0.02 0.14 0.40 0.56

C20:4 1.89 1.90 1.90 1.84 1.80 1.79 1.94 1.85 0.05 0.13 0.28 0.74

C24:1 0.71 0.73 0.69 0.65 0.71 0.69 0.76 0.68 0.02 0.18 0.13 0.17

> SFA 36.05 35.83 35.26 36.21 35.51 35.26 34.78 35.96 0.47 0.56 0.22 0.29

> UFA 62.43 62.69 63.03 62.01 62.79 63.08 63.19 62.69 0.45 0.67 0.45 0.41

> MUFA 41.17° | 4171 | 41.36° 39.77¢ 41.19° 42.70* 4130° | 41.83® 0.50 0.06 0.49 0.03

> PUFA 21.27 20.99 21.66 22.24 21.60 20.38 21.89 20.86 0.66 0.48 0.30 0.51

Y (w-6) 20.67 20.36 21.01 21.54 20.94 19.79 21.25 20.26 0.62 0.49 0.28 0.52

T (w-3) 0.41 0.42 0.44 0.49 0.45 0.39 0.45 0.40 0.03 0.37 0.62 0.29
C14:0= Miristic Acid, C14:1= Miristioleic Acid, C16:0= Palmitic Acid, C16:1= Palmitoleic Acid, C17:0= Heptadecanoic Acid, C17:1= Heptadecenoic Acid,
C18:0= Stearic Acid, C18:1t (n-9)= Elaidik Acid, C18:1c (n-9)= Oleic Acid, C18:2t (n-6)= Linoleic Acid, C18:2c(n-6)= Linoleic Acid, C18.3(n-6)= y-Linolenic
Acid, C18.3(n-3)= a-Linolenic Acid, C20:1= Gadoleic Acid, C20:2= Eikosadienoic Acid, C20:3 (n-6)= Eikosatrienoic Acid, C20:4= Arashidonic Acid, C24:1=
NervonicAcid, ¥ SFA=Total saturated fatty acid, ¥ UFA= Total unsaturated fatty acid, ¥ MUFA= Total Monounsaturated Fatty Acid, ¥ PUFA= Total unsaturated
fatty acid, 3 (w-6)= Total omega-6, ¥ (w-3)= Total Omega-3, PEM= Plant extract mixture, SEM= Standart error mean, Cu= Copper

to present study, there have been some researches who
reported the unbeneficial effects of essential oil mixture
on shell thickness in laying hens ©3%34 Information
acquired from literature showed that herbal extracts used
in poultry nutrition caused feed intake and feed efficiency
improvement 5539 because of increased production of
digestive enzymes Bl Increase in shell thickness may
lead to higher nutrient retention and nutrient availability
through the intestines during shell formation in this study.
Yolk color was decreased by suplementation of 200 mg/kg
copper to laying hen diets. In contrast to our results, Kaya
and Macit ?" observed that yolk color was not affected by
addition of 200 mg/kg copper to layer diets.

The effects of supplemental treatments on cholesterol
and triglyceride ratios of yolk and serum were not significant
in the present study. In accordance with the present findings,

some researchers who reported that cholesterol and tri-
glyceride concentrations of serum were not affected by
addition of 24 mg/kg essential oil mixture ¥ or 300 mg
essential oils of fennel per kg diet®. A different observation
was reported by Boliikbasi et al.*® who determined that
the addition of 200 ppm thyme essential oil to the layer
diet resulted in remarkable reduction in serum cholesterol
and trigliserid ratios. Boliikbasi et al.**' showed that
adding essential oils of thyme (200 mg/kg) into layer diet
decreased triglyceride rations of yolk but not effected
cholesterol ratios of yolk. The results of cholesterol and
triglyceride ratios of egg and serum were supported by
Kaya and Macit*' who founded that the supplementation
of 200 ppm copper did not have a significant effect on
cholesterol and triglyceride ratios of egg and serum. On
the contrary to the result of this experiment, in previous
studies, egg yolk cholesterol in laying hens was decreased
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by dietary Cu supplementation 53441 Also Abaza et al.*?
stated that Cu supplementation at 0 to 100 and 200 mg/kg
levels in the laying quail diets decreased cholesterol and
triglyceride concentrations of serum.

Inclusion of PEM with copper combination into the
diets of laying hens increased oleic acid and total mono-
unsaturated fatty acid (MUFA) level. The increase in MUFA
observed in the eggs from layer fed the combination of
PEM and copper diets was mainly contributed by oleic
acid (C18:1c [n-9]). Recently, MUFA have been a subject
of interest due to their possible hypolipidemic and anti-
thrombotic effects 3. Ansari et al.* reported that fatty
acid level of yolk in layer was not effected by 250 ppm
copper. Maurice and Lightsey ! postulated that adding of
250 ppm copper into layer diets did not effect fatty acid
level of yolk except for arashidonic acid level.

The differences between present study and other
experiments may be due to differences in the laying period,
age and genotype of hen and the combination, and kind
of used extract and levels of Cu and extract in the diets of
laying hens. In previous years, effects of supplementation
of PEM together with Cu as combination in laying hens
diets have not been studied. Therefore there have not
been yet any literature to compare the results related
to performance and some egg quality traits containing
cholesterol and fatty acid levels obtained from present
study with findings reported by other researchers.

Results from present study showed that addition of
plant extract mixture containing leaves of Origanum vulgare
(leaf), Thymus vulgaris (leaf), thyme oil, origanum oil, garlic
oil, anise oil and fennel oil into the laying hen diets can be
beneficial to improve the shell stiffness and thickness from
egg quality traits. In addition, feeding of laying hens with
diet containing combination of plant extract mixture and
copper increased MUFA level of yolk, but did not decrease
the cholesterol level of egg yolk in laying hens.

In conclusion, combination of 750 mg/kg PEM and Cu
may be used in the diets of 38 wks of age laying hens for
3-month experimantal period, but more experiment on
the supplementation of extracts and Cu combinations into
diets of laying hens should be conducted by researchers
related to this subject.
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Summary

The aim of this study was to contribute to quail head morphology and the formation of basic data sources for comparative
measurement in the quail head. In this study, 60 Japanese quail (Coturnix japonica) heads, which were white, brown and wild type were
used. Four different anatomical structures of the quail heads, varying in feather color, were measured manually by two independent
radiologists. These anatomical structures were head volume (HV), brain volume (BV), parietooccipital air space volume (POAV) and
calvarial bone volume (CBV). According to computed tomography (CT) measurements, the quail head with white feather color had the
smallest volumetrical values. This condition is thought to be caused by genetic differences.

Keywords: Computed Tomography, Japanese quail, Morphometry

Farkli Tiiy Renklerine Sahip Japon Bildircinlarinin Baslarinda
Bazi Hacimsel Olciilerin istatistiksel Analizi:
Bilgisayarli Tomografi Calismasi

Ozet

Bu calismanin amaci bildircin baslarinda karsilastirmali 6lcimler icin temel veri kaynadi olusturmak ve bildircin basi morfolojisine
katki saglamakti. Calismada beyaz, kahverengi ve yabani tip olmak tizere toplam 60 Japon bildircini bagi kullanildi. Farkli renklere gore
bildircin baslarinin dért farkli anatomik yapisi iki radyolog tarafindan élculdi. Bu yapilar kafa hacmi, cavum cranii hacmi - beyin hacmi,
parietooccipital hava alani hacmi ve kafa kemikleri hacmi seklindeydi. Bilgisayarli Tomografi ol¢lilerine gore, beyaz tly rengine sahip
bildircin basinin en kiiclik hacimsel degerlere sahip oldugu belirlendi. Bu duruma genetik farkliliklarin neden oldugu dustintlmektedir.

Anahtar sozciikler: Bilgisayarli Tomografi, Japon Bildircini, Morfometri

INTRODUCTION

The quail (Coturnix japonica) is a species categorized
under Phasianidae family 2. The quail is widely used as an
in vivo B¥in physiological, pathological, toxicological and
anatomical studies owing to its lower feed consumption,
early sexual maturity and fast growth. In recent years, the
increase in consumption of meat and eggs of the quail has
also strengthened its economic aspect 271,

Quail feather color is considered as a race or genetical

feature. Differences in the Quail feather color are attributed
to mutations in the color ®. The feather colors are white ),
brown, yellow ®'%, wild type (gray) "" and roux "%,

In terms of anatomical model preparation, computed
tomography (CT) is a quite useful method for reliable
topographical patterns "2, CT is used for antropomorpho-
metrical studies for creating macroscopic and microscopic
models and revealing the phenotipic differences quickly in
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small animals 37, The detailed imaging of structures that
make up the skull and the minimum degree of overlapping
images provides a great advantage to the CT compared
to other radiological methods ['®'%, One of the advantages
of the CT is the short-term applicability . Using CT, high
solution images are obtained from cross-sections of head,
and subsequently anatomical or patological data could be
evaluated "4, Three-dimensional images of anatomical
structures must be accurately obtained for the zoo-
morphological requirements, and functional, developmental,
comparative studies °!, Additionally, the development of
high resolution imaging techniques such as magnetic
resonance imaging (MRI) and CT facilitated to create a small
animal model and anatomical evaluations 2539, Volumetric
measurements of small organisms or non-living structures
can be evaluated via the three-dimensional images obtained
from CT 1, Three-dimensional imaging method of animal
materials can be gathered into two broad categories: the
first one is based on reconstruction from serial section
images and the second one is based on whole - volume
imaging .. A volume image obtained from CT consists
of a stack of reconstructed cross sections around the axis
of rotation B'". Therefore, the organism could easily be
evaluated in terms of the development, growth and
structural differences owing to obtained images .
In the next step, some morphometric and volumetric
measurements are practised by using these images 2%,

Roentgen and CT are diagnosis methods which are
frequently referred to in veterinary practice #2331, CT has just
begun to be used in the field of avian medicine . Therefore,
the evaluation and interpretation of images are possible
only by becoming familiar with a good level of macro -
anatomy of the region and the cross - sectional anatomy 53,

Turbinates, sinuses, nasal cavity, and other anatomical
structures can be monitored by using CT in detail in the bird
head % In previous studies, anatomical CT images were
excessively employed in imaging the head, nasal - para-
nasal sinuses, cranial cavity, nasolacrimal duct system, and
turbinates have been analyzed in terms of and its three
dimensional reconstructed models ?*3*3% in the differences
animal specieses (reptile, sea turtle, donkey, rodentia, dog and
cat B339, However, there was no a study which reveals
the anatomical data of the quail head by using CT in the
literature.

The aim of this study was to contribute to quail head
morphology and the formation of basic data sources for
comparative measurement in the quail head using CT.
Additionally, in this study, using the above-mentioned
characteristics of CT was purposed to determined both
status of imaging quality and parameters of method in
quail head and to identify whether or not the difference
term some volumetrical measurements (see materials
and methods section) among quail heads, varying
in feather color.

MATERIAL and METHODS

In this study 60 quail heads were used. A total of 20 of
them were white, 20 of them were brown and 20 of them
were wild type. Quails were supplied from Quail Unit in
the Education, Research and Application Farm of Kafkas
University. Quails were six weeks, female and average 120- 160
g (white: 130+5.3 g, brown: 148+7.6 g, wild type: 140+8.2
g) live weight. Animals were grown under the same live
conditions (light intensity, feeding, the cage state, water etc.).
Quails were killed by slaughtering for protect to wastable
quilty of carcase and their heads were referred to the
Research and Application Hospital Radiology Unit of Kafkas
University to obtain CT images. To scan the heads 64 sliced
CT (0.05 mm section) device (Aquilion 64°, Toshiba Medical
Systems, 2011, Zoetermeer. The Netherlands) was used.

Four different anatomical structures of each group
were measured manually by two independent radiologists
with more than five-years experience. Radiologists were
defined as observer 1 and observer 2. These anatomical
structures were head volume (HV), brain volume (BV)
(Fig. 1-D), parietooccipital air space volume (diverticula
from recessus tympanicus dorsalis invade the occipital,
parietal, prootic and squamosal bones *%) (POAV) (Fig.
1-A, Fig. 1-B, Fig. 2-F) and calvarial bone volume (CBV).
Aquarius iNtuition Edition ver. 4. 4. 6. software was used
for measurements.

Different tissues have different densities in CT, so four
different density ranges were used to calculate four different
tissue volumes. To calculate the POAV from -1.000 to -850
Hounsfield unit (HU), HV 0-1000 HU, BV 0-150 HU and
CBV 200-1000 HU ranges were ¥ setted. Both 2D axial
and coronal plane images were used to calculate all the
volumes. In addition to 2D images, measurements were
verified also on 3D volume rendered images. For the volume
unit, cm?® were used and all the data were recorded carefully.

To calculate the BV and POAV region growing tool (Fig.
1-A, Fig. 1-D), CBV and HV single click tool (Fig. 1-C) was
used. Because BV and POAV are spread to area, but CBV
and HV are not.

Four different anatomical structure of three kind
of quail heads were measured by two radiologists and
many different parameters obtained. To proccess the
findings easily, we named the variables as: head volume of
observer 1 (HV1), head volume of observer 2 (HV2), brain
volume of observer 1 (BV1), brain volume of observer 2 (BV2),
parietooccipital air space volume of observer 1 (POAV1),
parietooccipital air space volume of observer 2 (POAV2),
calvarial bone volume of observer 1 (CBV1), calvarial bone
volume of observer 2 (CBV2).

Statistical Analysis

Statistical analysis of the study was performed using
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Volume = Q.132 C

Fig 1. A- 3D volume rendered dorso-ventral
aspect image of parietooccipital air space
volume of quail head measured by region
groving tool, B- 2D axial slice of parieto-
occipital air space volume of quail head
measured by region groving tool, C- 3D
volume rendered dorso-ventral aspect image
of head volume of quail measured by single
click tool, D- 3D volume rendered dorso-
ventral aspect image of brain volume of
quail head measured by region groving tool

Sekil 1. A- Bildircin basindaki parietooccipital

Fig 2. Dorso - ventral view of transversal section through of the
quail head. A- brain, B- cerebellum, C- occipital bone, D- oculus,
E- rostrum, F- parietooccipital air space

Sekil 2. Bildircin kafasinin transversal kesitinin dorso - ventral
goriinusu. A- beyin, B- beyincik, C- occipital kemik, D- goz, E- gaga,
F- parietooccipital hava alani

Statistical Package for Social Sciences (SPSS) version 17.0
software package. Continuous variables were expressed as
arithmetical meanzstandard deviation.

Paired sample t test was used to determine the
differences of the measurements of BV, HV, POAV and
CBV between observer 1 and observer 2 regardless of the

hava alani hacminin bodlge buyltme araci
kullanilarakdl¢limiinindorso-ventralyénden
3B goruntisd, B- Bildircin basindaki parieto-
occipital hava alant hacminin bdlge blyutme
araci kullanilarak o6l¢iminin 2B eksen
kesit gorlntiusu, C- Bildircin kafa hacminin
tek tik araci kullanilarak dl¢limiiniin dorso-
ventral yonden 3B goriintlsl, D- Bildircin
basindaki beyin hacminin bdlge biyitme
araci kullanilarak 6l¢timinin dorso-ventral
yonden 3B goriintusi

quail types and the groups were dependent according to
observers.

Kruskal Wallis test used to calculate the differences of
BV, POAV, CBV and HV of white, brown and wild type sub-
groups for observer 1 and 2 independently. Firstly three
groups were analyzed, secondly white-brown, white-wild
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and brown-wild groups were analyzed in pairs to find out
the differences between the groups.

RESULTS

According to the findings of the study, average values
of the BV, POAV, CBV and HV of the quails (n:60) were 0.43,
0.23,1.93 and 6.64 cm?®, respectively.

According to the observers, the average results obtained
from the study showed in Table 1. In this table, it seems that
values of observer 1 are a little more than the values of
observer 2.

Table 2 indicated that each volume of three groups of quail
heads showed significant difference between each other,
except BV2. Moreover, the same table showed significant
difference between white and brown quail head measure-
ments except BV2 and CBV2. Additionally, Table 2 showed
significant difference between wild type and brown quail
head measurements except POAV1, BV2 and POAV2, and
significant difference between white and wild type quail
head measurements except BV2 and POAV2 volumes
(P<0.05). This results indicated that approximately all of
the four measurements of the three kind of quail heads
were different from each other.

Paired samples t test demonstrates that there were no
significant difference in CBV and HV measurements and
there were significant difference in BV and POAV between
the observers (P<0.05).

Table 1. Shows all the data of each groups based on observers

Table 1. Arastiricilara gore gruplarin verilerinin tamami gériinmektedir

DISCUSSION

One should consider the limitations of this study before
using these data. We have firstly reported the volumetric
measurements of head in the quail by using CT. Thus, we
were not able to discuss the variation of morphometrical
properties of the bird head. While this study provides new
morphometrical data for four volumetric measurement
in the quail head, volumetric morphometrical values for
other species, such as the chicken, goose, and pigeon, are
also needed. When we perfomed this study, there was not
a method established in the birds. Therefore, we could not
compare in terms of method.

According to the findings of the study, average values
of the BV, POAV, CBV and HV of the quail (n:60) were 0.43,
0.23, 1.93 and 6.64 cm?, respectively. According to this
situation, BV was forming %6.47 of HV, POAV was forming
%3.46 of HV, and CBV was forming %29.07 of HV.

BV and POAV differences were due to the subjective
results of the region growing tool and method. CBV and HV
anology were due to the single click method based on our
results. Single click is a useful tool that allows measuring
the volume by clicking only once to calculate the volume.
However, region growing is time consuming and relatively
difficult. In this regard, the results of single click are more
objective than region growing method.

In this study, feather color having the race property for
quails was primary exit point. Therefore, the heads of quails

Observer 1 Observer 2
Measurement
White Brown Wwild White Brown Wild
BV (region growing) 0.45+0.07 0.56+0.07 0.50+0.05 0.36%0.67 0.37+0.05 0.34+0.10
POAV (region growing) 0.21+0.07 0.33+0.07 0.29+0.04 0.15%+0.05 0.19+0.06 0.20+0,19
CBV (single click) 1.56+0.27 1.79+0.32 2.49+0.29 1.63+0.26 1.79+0.32 2.35+0.36
HV (single click) 5.92+0.41 6.60+0.65 7.50+0.65 5.88+0.34 6.50+0.81 7.45+0.68
The unit of the mean values and the standard deviations are cm?

Table 2. Kruskal Wallis Test of the white, brown and wild type subgroups (W-White, B-Brown, WT-Wild Type)

Table 2. Beyaz, kahverengi ve yabani tipin Kruskal Wallis Testi (W-Beyaz, B-Kahverengi, WT-Yabani Tip)

Test HV1 BV1 POAV1 CBV1 HV2 BV2 POAV2 CBV2
Chi-Square (W, B&WT) *33.75 *22.1 *19.71 *36.83 *32.76 2.84 *7.07 *26.63
Chi-Square (W&B) *11.71 *18.62 *15.81 *6.4 *10.11 0.27 *6.94 3.05
Chi-Square (WT&B) *13.14 *9.51 3.59 *22.55 *11.35 2.64 3.64 *16.15
Chi-Square (W&WT) *26.56 *5.10 *10.36 *27.27 *27.83 1.32 0.05 *20.91
* Means within a row are significantly different (P<0.05)
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in three different feather colors were used. There are many
quails with different feather colors in the world. Some
of them are white, brown, roux, yellow and gray or wild
type B, In this study, different races of quails were used
to compare morphological and morphometric differences.
Thus, both a method for subsequent studies and a data
base were formed.

CT measurements shows that the wild type quail has
the biggest head and then brown and white quails were
ranking lower, respectively. The brown quail has the biggest
cranial cavity volume and then it is followed by wild type
and white had smallest. Moreover, the wild type quail has
the biggest head bone volume and then brown and white
quails have respectively. According to these results, quail
race with white feather color had the smallest volumetrical
values. Although more compherensive studies are needed
to determine the cause of the above mentioned situation,
we could speculate that the applied selection pressure in
the quail unit and genetic differences can be effective.

When data of head morphometry in the quails are
evaluated study material is provided from single sex and
equal number of members. Female quails constituted the
animal material of this study. Hence, the data obtained
from female quails was analyzed.

The lack of previous CT based studies in the avian literature
hampered the comparisions. For this reason, the results
that we have reported here have potential to contribute not
only to the assessments of species but also the comparative
and topographic anatomy of birds.

In conclusion, this study showed us that CT can be used
for morphological and morphometric studies in quail head,
additionally birds and differences term some volumetrical
measurements among quail heads, varying in feather color.
Furthermore, we concluded that more compherensive
studies are necessary to determine the exact relationship
between feather color (or race) and some morphometric
measurements in the Japanese quails.
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Summary

This study was carried out to describe the origin, course and ramifications of the cardiac veins in storks. For this purpose, coloured
latex injection method was applied on heart of nine adult storks. The results indicate that venous drainage of the heart was provided
by the v. cardiaca sinistra, the v. cardiaca media, the vv. cardiacae dextrae and the vv. cardiacae minimae. The coronary sinus was not
found in all samples. The v. cardiaca sinistra and v. cardiaca media were opened into the v. cava cranialis sinistra. The v. cardiaca sinistra
was the largest vein providing to venous drainage of heart which consisted of two main parts pars interventricularis and v. cardiaca
circumflexa sinistra. The v. cardiaca circumflexa sinistra was collected to venous blood of the ventriculus sinister and atrium sinistrum by
means of several vessels. One branch of the v. cardiaca circumflexa sinistra coming from ventriculus sinister was much larger than rest
and drained big part of ventriculus sinister. The v. cardiac media was a single vein. The vv. cardiacae dextrae were opened directly into
the right atrium. The vv. cardiacae minimae were collected venous blood from the wall of atrium dextrum and interventricular septum
and emptied into the right chambers of heart. The venous blood of the interventricular septum was collected by the vv. septales of pars
interventricularis and v. cardiaca media. It was concluded that circulation of cardiac veins in stork closely resembles that of rodent and
is unlike both fowl and ostrich patterns.

Keywords: Anatomy, Cardiac veins, Heart, Stork

Leyleklerde (Ciconia ciconia) Kalp Venlerinin Anatomisi

Ozet

Bu calismada, leylekte koroner venlerin baslangig, seyir ve dallanmalari incelendi. Bu amacla dokuz adet yetiskin leylege
renklendirilmis latex verildi. Kalbin vendz drenajinin v. cardiaca sinistra, v. cardiaca media, vv. cardiacae dextrae ve vv. cardiacae minimae
tarafindan saglandigi tepit edildi. Sinus coronarius’'un bulunmadigi belirlendi. V. cardiaca sinistra ve v. cardiaca media'nin v. cava
cranialis sinistra’ ya acildigi gorildu. V. cardiaca sinistra'nin kalbin ven6z kanini toplayan en glcli ven oldugu tespit edildi. Bu damarin,
pars interventricularis ve v. cardiaca circumflexa sinistra olarak iki bolimden olustugu gorildu. V. cardiaca circumflexa sinistra'in bir ok
damar araciligi ile ventriculus sinister ve atrium sinistrum’un venéz kanini topladigi gorildi. Ventriculus sinister'den ¢ikan v. cardiaca
circumflexa sinistra'nin bir dalinin diger dallardan glicli oldugu ve ventriculus sinister‘in biiylk bir bolimUni diranajini sagladigi tespit
edildi. V. cardiaca media'nin tek olarak sekillendigi belirlendi. Vv. cardiacae dextrae'nin dogrudan atrium dextrum’a acildigi belirlendi.
V. cardiacae minimae'nin atrium dextrum duvari ve septum interventriculare’nin venéz kanini topladiklar ve kalbin sag bosluklarina
acildigi goriildi. Septum interventriculare’nin drenajini v. cardiaca media ile pars interventricularis'in vv. septales’inin yaptigi tespit
edildi. Sonug olarak leylegin koroner ven dolasimi tavuk ve devekusundan ziyade kemirgenlere daha ¢ok benzedigi gorilda.

Anahtar sozciikler: Anatomi, Kalp venleri, Kalp, Leylek

INTRODUCTION

The venous drainage of the heart is provided by the The pars interventricularis is started near the apex of
v. cardiaca sinistra, the v. cardiaca media, the vv. cardiacae  the heart and run in the paraconal interventricular groove.
dextrae and the v. cardicae minimae in birds "2, The  The pars interventricularis at the coronary groove border
v. cardiaca sinistra of birds are formed by the pars continues asthe pars basilaris, which lies on the base of the
interventricularis and the pars basilaris ' heart, between the conus arteriosus and bulbus aortae
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and opened into right atrium "4, However, the pars basilaris
is not found in some samples of fowl ",

Vena cardiaca circumflexa sinistra is begun by the
fine superficial tributaries from the proximal part of the
left aspect of the ventriculus sinister. Then, it runs in the
coronary groove and opened into atrium dextrum U3, V.
cardiaca media was begun just above the apex of the heart.
After it was received many ventral and dorsal tributaries
from the adjacent wall of the ventriculus sinister and
ventriculus dexter, led to right atrium "4, V. cardiacae
dextrae are consisted by veins draining the ventriculus
dexter and led to the atrium dextrum. Venae cardiacae
minimae are found constantly in the wall of atrium dextrum
and the interventricular septum ™,

Generally, the coronary sinus collecting of principal
cardiac veins is a large blood vessel or dilation of right
atrium Pl Although the coronary sinus is emphasized to
exist in ostrich B9, some authors state that domestic birds ['4!
have not a coronary sinus.

Birds are the most diverse group of animals rather
than mammals which are alive today . Although venous
drainage of heart has been well documented in mammalian,
there is no study about the venous drainage of bird’s
heart, except fowl (Gallus domesticus) "4 and ostrich ¥,
Therefore, this study aimed to reveal the conformation
and branching of the cardiac veins in stork (Ciconia ciconia)
which is wild and a migrant bird.

MATERIAL and METHODS

Nine adult storks of both sexes and weighing between
2.5 and 3 kg were utilized for the study. The animals used
in the study were obtained from Mustafa Kemal University
and Adana Veterinary Control and Research Institute.
Animals which were could not survive due to badly injured
or suspected various diseases were used. All experimental
procedures were approved by Adana Veterinary Control
and Research Institute’s Animal Experiments Local Ethics
Committee (Approval no. 02.02.2012/15).

Coloured latex injection was applied in order to describe
the coronary veins as suggested by literatures '"'2,

Coelom of the storks were opened right just after death.
The heart was removed from the coelom. Plastic catheters
were inserted into the v. cava caudalis. All cardiac vessels
and chambers were washed with 0.9% saline (NaCl).
After, two v. cava cranialis were clamped. After then, blue
(Setacolor TM, Cobalt blue, num. 20; PEBEO Cedex, France)
colored latex (Rubber latex TM; MERCAN, Istanbul, Turkey)
was injected into the v. cava caudalis. The hearts were then
immersed in 10% formalin for 3 days. After solidification
of latex solution, the cardiac veins were investigated
macroscopically using a dissection microscope (Nikon
SMZ-2T; Nikon Corp., Tokyo, Japan). Photographs were

taken digitally and stored on a personal computer. The
vessels were measured with a digital caliper (DV892
calipers, Tecnotest corp., Germany) sensitivity of 0.1% mm.

Nomina Anatomica Avium © was used for anatomical
nomenclature.

RESULTS

The veins draining the heart of the stork were the v.
cardiaca sinistra, the v. cardiaca media, the vv. cordiacae
dextrae and the vv. cardicae minimae. The coronary sinus
was absent in all of the studied samples.

The vena cardiaca sinistra (Figs. 1,2/1): In all the
samples, the v. cardiaca sinistra was the largest vein
carrying the venous blood of the heart and emptied
into the v. cava cranialis sinistra. During its course, the v.
cardiaca sinistra was named as the pars interventricularis
(Figs. 1,3/2) in the paraconal interventricular groove and
the v. cardiaca circumflexa sinistra (Figs.1,2/3) in the
coronary groove.

The pars interventricularis (Figs. 1,3/2): The pars
interventricularis began at the level of the apex of the heart
and anastomosed with the v. cardiaca media (Fig. 3/~) at the
same level. The pars interventricularis was formed by the
5-6 vv. ventriculares (Fig. 1/4) coming from the ventriculus
sinister and 4-5 vv. ventriculares (Fig. 1/5) from ventriculus
dexter. The terminal branches of the pars interventricularis
of v. cardiaca sinistra anastomosed with the branches of
vv. cardiacae dextrae (Fig. 3/>). Along its course, the pars
interventricularis also received 6-7 small vv. septales (Fig. 1/6)
from interventricular septum. A strong v. septalis draining
the proximal half to a third of the interventricular septum
was also joined the pars interventricularis in three samples.
Just before continuing as v. cardiaca circumflexa sinistra,
the pars interventricularis also received the v. conalis (Fig.
1/7) draining the left part of conus arteriosus and proximal
portion of the ventriculus dexter. The terminal branches
of v. conalis were found to anastomose with the v. conalis
(Fig. 1/>) of vv. cardiacae dextrae in the four of the
investigated hearts.

The vena cardiaca circumflexa sinistra (Figs. 1,2/3): The
pars interventricularis coursed in the coronary groove as
the v. cardiaca circumflexa sinistra. It was entirely covered
by the auricula sinistra. Along its course, the v. cardiaca
circumflexa sinistra received 3-4 thin vv. ventriculares (Figs.
1,2/8) starting from the proximal part of the ventriculus
sinister. In all hearts, it was noted that one of the vv.
ventriculares coming from the ventriculus sinister was
the most distinct one. In all samples, this vein (Figs. 1,2/9)
started from the apex of the heart and flowed towards
the base of the heart on the ventriculus sinister, parallel
to the v. cardiaca media. Along its course, it collected
several subbranches from the wall of ventriculus sinister. Its



689

YOLDAS, OZMEN
AKSOY

Fig 2. The v. cardiaca sinistra and the v.
cardiaca media and their branches (caudal
surface)

Sekil 2. V. cardiaca sinistra ve v. cardiaca
media'nin dallar (caudal yliz)

1: v. cardiaca sinstra, 3 v. cardiaca circumflexa
sinistra, 8: The vv. ventriculares of v. cardiaca
circumflexa sinistra 8" The vv. ventriculares
of v. cava cranialis sinistra, 9: The strong vein
of v. cardiaca circumflexa sinistra, 10: The vv.
atriales of v. cardiaca circumflexa sinistra, I:
v. cardiaca media, ILIIl: The vv. ventriculares
of v. cardiaca media, a: The vv. ventriculares
of vv. cardiacae dextrae, As: atrium sinistrum,
Ad: Atrium dextrum, Vd: ventriculus dexter,
Vs: ventriculus sinister, Vcr: v. cava cranialis
sinistra, Vca: v. cava cranialis dextra, Vc: v. cava
caudalis and arrows: anastomose

terminal branches were also seen to reach the papillary
muscle in all samples. In one heart, it was also larger than
the v. cardiaca media, according to its subbranches and
diameter. Its branches also anastomosed with the pars
interventircularis (Fig. 1/->) and vv. ventriculares of v. cardiaca
media (Fig. 2/->). In five samples, 2 or 3 fine vv. ventriculares
(Fig. 2/8’) which were located on the proximal of ventriculus
sinister were also seen to open directly into v. cava cranialis
sinistra. The v. cardiaca circumflexa sinistra also received
dorsally directed 5-6 thin vv. atriales (Figs. 1,2/10) from the
wall of atrium sinistrum. The v. cardiaca circumflexa sinistra
led into v. cava cranialis sinistra.

Fig 1. The pars interventricularis, the v.
cardiaca circumflexa sinistra and their
branches (cranial surface)

Sekil 1. Pars interventricularis ile v.
cardiaca circumflexa sinistra'nin dallari
(cranial yiz)

1: v. cardiaca sinistra, 2: v. pars inter-
ventricularis, 3: v. cardiaca circumflexa
sinistra, 4-5:The vv. ventriculares of pars
interventricularis, 6: The vv. septales of
pars interventricularis, 7: The v. conalis
of pars interventricularis, 8: The vv.
ventriculares of v. cardiaca circumflexa
sinistra, 9: The strong vein of v.
cardiaca circumflexa sinistra, 10: The
vv. atriales of v. cardiaca circumflexa
sinistra, ¢: The v. conalis of v. cardiaca
circumflexa sinistra, Tp: truncus
pulmonalis, As: atrium sinistrum, Ad:
atrium dextrum, Vd: ventriculus dexter,
Vs: ventriculus sinister, AC: apex cordis,
Vrc: v. cava cranialis sinistra and arrows:
anastomose

The venae cardiaca media (Fig. 1/1): The v. cardiaca
media was formed by the branches stemming from the apex
of the heart and ascending towards the base of the heart
in the subsinuosal interventricular groove. It was opened
into the v. cava cranialis sinistra. The v. cardiaca media was
thinner than the v. cardiaca sinistra and a single vein. Six or
seven vv. ventriculares (Fig. 3/Il) from the ventriculus dexter
and 5-7 vv. ventriculares (Fig. 2/1ll) from the ventriculus sinister
joined to the v. cardiaca media. The v. cardiaca media was also
carried to the vv. septales (Fig. 4/IV) from the interventricular
septum. These vv. septales were smaller and fewer in
number than those opening to the pars interventricularis.
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Fig 4. The vv. septales and the vv. cardiacae minimae in the
interventricular septum (A), The vv. cardiacae minimale on the
wall of atrium dextrum (B)

Sekil 4. Septum interventriculares'te vv. septales ve vv.
cardiacae minimae (A), Atrium dextrum duvarinda vv.
cardiacae minimae (B)

I:v. cardiaca media, IV: The vv. septales of v. cardiaca media, Is:
interventricular septum, VD: The ventriculus dexter, CD: The
cavity of atrium dextrum, AD: atrium dextrum, Aw: The wall
of atrium dextrumand *: vv. cardiacae minimae

The venae cardiacae dextrae (Fig. 3/a,b,c): The vv.
cardiacae dextrae consisted of 4-5 vv. ventriculares, v. conalis
and 3-4fine veins draining theright atrioventricular valve.
The vv. ventriculares were joined to the vv. cardiacae dextrae
at the distal border of the proximal third of the ventriculus
sinister. After their origin, the vv. ventriculares run toward
base of heart and emptied directly into right atrium (Fig.
3/a). In six specimens, one of vv. ventriculares was longer
than the others. This vein (Fig. 3/b) originated from the 1/3
distal part of the ventriculus dexter and collected venous
blood from the distal and middle part of wall of ventriculus

Fig 3. Vv. cardiacae dextrae (atrial surface)

Sekil 3. V. cardiacae dextrae (atrial yiiz)

I: v. cardiaca media, Il: The vv. ventriculares of
v. cardiaca media, a: The vv. ventriculares of vv.
cardiacae dextrae, b: The strong vein of vv. cardiacae
dextrae, c: v. conalis, 2: pars interventricularis, 5: The
vv. ventriculares of pars interventricularis, Ad: Atrium
dextrum, Vd: ventriculus dexter, AC: apex cordis and
arrows: anastomose

dexter. In addition to vv. ventriculares, another vessel
involved in the formation of the vv. cardiacae dextrae was
v. conalis. The v. conalis (Fig. 3/c) was formed by the thin
branches stemming from the right part of conus arteriosus
and the proximal portion of ventriculus dexter.

The venae cardiacae minimae (Fig. 4/*): The vv. cardiacae
minimae were identified only on the right half of the
heart. They seemed to play a role in the venous drainage
of the interventricular septum and the wall of atrium
dextrum. These veins were opened into the cavity of the
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ventriculus dexter (Fig. 4-A/*) and the atrium dextrum
(Fig. 4-B/*).

During their course, the v. cardiaca circumflexa sinistra,
the v. cardiaca media, a thick subbranch of v. cardiaca
circumflexa sinistra and the pars interventricularis were
seen to course subepicardially. However, the thin branches
of v. cardiaca sinistra and v. cardiaca media were situated
intramyocardially. Although the vv. ventriculares of vv.
cardiacae dextrae were located intramyocardially, the some
thin branches belonging to vv. cardiacae dextrae were
found subepicardially.

DISCUSSION

The vena cava cranialis sinistra is usually absent in
carnivore, equine, ruminant ¥, However, this vein could be
constant observed in birds "4, rat '3, beaver "4, mice 1'%,
rabbit 12167 marsupial "8, In fowl, the v. cava cranialis
sinistra is also termed the left precaval vein "\ In the present
study, the v. cava cranialis sinistra collected a great amount
of venous blood of the heart, as reported in rabbits 29
beaver ", mice " but does not correspond to the finding
of Lindsay " who stated that the cardiac veins generally
empty directly into the atrium dextrum in the fowl.

The coronary sinus is a tubular dilatation of the right
atrium or it is the rudiment of the right sinus horn of
the embryonic heart in some domestic animals > and
humans "9, Some researchers are reported that a great
amount of venous blood is collected by coronary sinus,
domestic animals 2%, roe deer 2", porcupines " and
human ", However, the coronary sinus was absent in
stork, as observed in the domestic birds "* and rat '3,
beaver ', mice ', rabbit '21617],

As indicated in the birds "3?2, the v. cardiaca sinistra,
the v. cardiaca media, the vv. cardiacae dextrae and the vv.
cardiacae minimae were identified in the stork heart.

In birds " v. cardiaca sinistra is constituted by two
main veins, the pars interventricularis and the
pars basilaris. In most fowl 22 and ostrich B, after the
pars interventricularis reaches to the junction of the
paraconal interventricular groove and coronary groove,
it advances caudally as the pars basilaris in the fat-filled
space between the atrium sinistrum and truncus
pulmonalis and aorta, and empties into the left recess
of the atrium sinistrum. These arrangement and
distribution are also reported in marsupial . However,
the pars basilaris was not found in our samples. The
pars interventricularis was continued as the v. cardiaca
circumflexa sinistra in coronary groove in all samples. Same
finding is reported by Nickel et al.®, Yoldas and Nur 2,
Yadm and Gad ", Aksoy et al.?%, Kabak and Onuk @,
Besoluk and Tipirdamaz 3 in mammalian and by Lindsay ™
and Kaupp @ in some fowl.

The pars interventricularis of v. cardiaca sinistra is single
vein that beginning at the level of the notch of cardiac
apex in fowl ", This vein is a double vein in 13 percent of
ostrich Bl The one of them lies paraconal interventriculer
groove. The other one runs caudally to it on the wall of
the ventriculus sinister. However, in the present study, the
pars interventricularis was observed to be a single vein all
samples. On the other hand, Lindsay " is reported that in 6
percent of fowl the pars interventricularis is not found.

In mammalian ¥, two branches of paraconal inter-
ventricular vein is confirmed to be distributed to the
wall of the ventriculus sinister that are called the left
proximal collateral vein and the left distal collateral
vein. In the investigated samples, there was not found
the similar these veins. But, numerous fine branches
of the pars interventricularis were observed instead of
the two branches, as in birds '3, rabbit '?, beaver ¥
and mice '],

Along its course, v. cardiaca circumflexa sinistra collects
multiple the vv. atriales and vv. ventriculares from the
atrium sinistrum and ventriculus sinister as indicated by
the literature 22, respectively. One of the most interesting
findings of the present study was that a vein of vv.
ventriculares which was stronger than the others was found
in samples. We thought that this vein was the same as
left marginal ventricular vein in mammalian 5214172021231,
according to its course.

In fowl, the v. cardiaca media is a prominent venous
channel, which independently enters into the atrium
dextrum™, In our samples, it opened into the v. cava cranialis
sinistra as reported in rabbit '>'%, beaver ¥, marsupial ">,
In birds 34 the v. cardiaca media is the strongest vein of
the cardiac veins. Moreover, Bezuidenhout *! reported that
the v. cardiaca media is as a double vein in ostrich. In this
study, the v. cardiaca media was weaker than the v. cardiaca
sinistra and a single vein. This situation is similar to finding
for rabbit 1'%, beaver " and marsupial '*.. Furthermore, in
birds 4, rabbit 2%, beaver " and marsupial ', along
its course, it was collected fine branches from the both
ventricles, as in stork

In birds, the vv. cardiacae dextrae (ventrales) are
constituted with the vv. atriales, vv. ventriculares and
vv. conalis "3, These veins are formed to the v. cardiaca
circumflexa dextra that drains directly into the atrium
dextrum in birds "2, In the present study, the vv. cardiacae
dextrae were constituted of a few vv. ventriculares opened
into atrium dextrum separately. Thus, the v. cardica
circumflexa dextra was not formed in stork, as in some
fowl M, beavers ', mice " rabbits '), marsupial ['®. In
six specimens, one of veins collecting venous blood of
the ventriculus dexter was stronger than the others. This
vein was similar to vessel named as the right marginal
ventricular vein in mammalian 5122021231 This strong vein
has been also reported in mice " and marsupial '8
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In many mammals 5121417192133 main cardiac veins
which are the great cardiac vein, middle cardiac vein,
right cardiac veins and their secondary branches are
well-defined in terms of the course they follow and the
place they drain and that are present in a regular
and specialised way, though they may display some
variations. Unlike the mammals, as reported in the
resources on birds 3422 as well as in our samples, the
size, number, distribution and origins of these secondary
branches were observed to differ from sample to sample.
For this reason, the identification of the secondary
branches, except for these two strong veins, were not
undertaken in our samples.

The venae cardiacae minimae carrying venous blood
from myocardium to the heart chambers opened into
the atrium dextrum 2% or to all of the heart chambers in
mammialian 5829, In our samples, these veins were found
constantly in the atrium dextrum and the which is similar
to the findings reported by literature 31216,

The venous drainage of the interventricular septum
was provided mostly by the vv. septales of both the pars
interventricularis of v. cardiaca sinistra and the v. cardiaca
media in birds 31, Although the vv. cardiacae minimae
were made a small contribution to the venous drainage of
the interventricular septum by means of the few thin, the
vv. septales were primarily responsible for septal drainage
in stork, which was similar to the cases in the fowl" and
mammalian 11229,

In conclusion, the venous drainage of the heart
was consisted of the v. cardiaca sinistra, the v. cardiaca
media, the vv. cardiacae dextrae and the vv. cardiacae
minimae. The v. cardiaca sinistra was the largest vessel
that drained of the heart. The origin and course of
v. cardiaca sinistra and the v. cardiaca media of stork
basically resembled the great cardiac vein and middle
cardiac vein of the mammalian, respectively. One of the
most interesting finding of the present study was that
the two strong veins found in all samples, called the left
marginal ventricular vein and right marginal ventricular
vein, especially present in the mammalian. Because v.
cardiaca circumflexa dextra was absent, veins formed
the vv. cardiacae dextrae opened into atrium dextrum
separately. The vv. cardiacae minimae emptied into both
the atrium dextrum and the ventriculus dexter. There was
no the coronary sinus.
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Ozet

Bu arastirmada, Erzurum ilinde cirit kullplerinde bulunan erkek Arap atlarinin, viicut dlcileri ve cirit oyunlarindaki kosu sureleri
belirlenmistir. Bu parametreler lizerine, atlarin performanslarina gore olusturulan gruplarin, yasin ve viicut kondisyon skorunun (VKS)
etkisi arastinlmistir. Ayrica kosu sureleri ile viicut 6lcleri arasindaki fenotipik korelasyonlar da hesaplanmistir. Cidago yuksekligi
(154.19+0.33), sagri yuksekligi (154.27+0.35) ve g6gus derinligi (67.01+0.25) ortalama degerleri, diger bazi at irklari ve 6zellikle Arap
atlari icin bildirilen degerlerden yiksek; sagri uzunlugu (47.51+0.25), 6n gogus genisligi (38.41+£0.21), g6gls cevresi (157.53+0.58),
bas uzunlugu (54.75+0.20) dislik; 6n incik cevresi (19.40+0.14) 6lclsi ise benzer veya ylksek bulunmustur. Atlarin yaris performansi
ve cirit at1 sahiplerinin tercihine gore yapilan siniflandirmada, en iyi cirit atlarinin g6gus derinligi ve sagri uzunlugunun daha ytiksek
oldugu belirlenmistir. Atlarin yasi arttikca, 6n gégis genisligi ve 6n incik gevresi 6lctistinde artis gézlenmistir. VKS 3 ve 4 olan atlar
arasinda vicut dlculerinde farklilik gézlenmemistir. Viicut 6lclleri arasinda dnemli diizeyde fenotipik korelasyonlar bulunurken, kosu
stresiile incelenen viicut dlclleri arasinda iliski tespit edilmemistir. Kosu stireleri bakimindan, VKS 3 olan atlarin (4.71+0.080) VKS 4 olan
atlardan (4.96+0.048) daha hizl kostugu belirlenmistir.

Anahtar sozciikler: At, Cirit, Viicut éiciileri, Kosu stireleri, Viicut kondisyon skoru

Body Sizes of the Javelin Horses

Summary

In this research, the running times and body sizes of the male Arabian horses in Javelin Clubs of the Erzurum province were
determined. The effects of the performance based groupings of horses, age and body condition score (BCS) were investigated on
these parameters. The phenotypic correlations between the running times and body sizes were calculated. The average values of
the withers height (154.1940.33) , the height at the rump (154.27+0.35) and the depth of the chest (67.01+0.25) were found higher
than those reported for some horse races, especially for the Arabian horses; the rump length (47.51+0.25), width of the front chest
(38.41+0.21), chest circumference (157.53+0.58) and the length of the head (54.75+0.20) were found lower, and the front cannon bone
circumference size (19.40+0.14) was found similar or higher. Horses having higher chest depth and rump length were determined to
be preferred for javelin sport in the classification made according to the running performance of the horses and the preferences of
the breeders. Increases in the width of the front chest and the front cannon bone circumference were observed as the age of horses
advanced. No differences in body sizes were observed between BCS 3 and 4 horses. While there were many significant correlations
between the body sizes, no relationship was detected between the examined body sizes and the running times. When investigated
according to the running times, it was determined that BCS 3 horses (4.71+0.080) were running faster that BCS 4 horses (4.96+0.048).

Keywords: Horse, Javelin, Body sizes, Pun time, Body condition score
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Turklerin en eski oyunlarindan olan cirit ™ yakin zamana Eski yillarda cirit atlarn Erzurum’da yetistirilirken, glini-
kadar Anadolu'nun bircok bolgesinde oynanmaktaydi. miuzde ath cirit sporunda kullanilacak atlar, genellikle at
Ancak glinimuzde sadece Erzurum, Usak, Manisa, Sivas, yarislarinda basarili olamayan veya cesitli nedenlerle ya-
Bayburt, Erzincan, Kars ve Malatya illerinde oynanmaktadir @.  ristan cikarilan erkek Arap atlari arasindan secilmektedir B,
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Atlarda tanimlayici bir irk 6zelligi olan viicut 6lguleri,
vicut yapisinin uyumlulugunun degerlendirilmesinde
veya atlarin normal ve anormal gelisimin karsilastiriima-
sinda kullanilmaktadir ®1. Yaris atlarinda viicut dl¢ileri ile
performanslari arasinda genetik korelasyon vardir. Atlarin
seciminde veya fiyatlarinin belirlenmesinde de viicut 6l¢u-
lerinden faydalanilabilir .

Atlarda viuicut konformasyonu; kullanim yénd, genetik
yap! ve beslenme durumuna gore sekillenmektedir 72, Cirit
atlarinda, aniden hizlanma, durma ve dénme hareketleri
diiz kosu yapan yaris atlarina gore farklidir .. Yanis ati, binek
ati veya ¢ekim atlarinda viicut bélgelerinin gelisimi farkli
olabilmektedir "%,

Farkli arastincilar tarafindan Arap atlar #6118 farkl at
irklar 921 ve Tirkiye'de yetistirilen yerli atlardan alinan
viicut 6lct degerleri 27 ile ilgili arastirmalar yuratilmustdr.
Atlarda kosu hizi Gzerine etkili faktorler Gzerine calismalar
da yapilmistir 832, Ancak cirit atlarinda, viicut dlctleri ile
ilgili herhangi bir calismaya rastlanilmamistir.

Erzurum bdlgesinde yapilan bu calismada, cirit atla-
rinin viicut Slculeri ve cirit oyunlarindaki kosu sireleri
belirlenerek, bu parametreler lizerine; anket bilgilerine ve
cirit oyunlarinda alinan derecelere gore olusturulan skor
gruplarinin, yasin ve viicut kondisyon skorunun etkisi
arastinlmistir.

MATERYAL ve METOT

Arastirma Erzurum merkezde 13 spor kullibline kayitl,
94 erkek Arap atina ait veriler kullanilarak gerceklestirilmistir.
Cirit atlarinin biyuk ¢ogunlugunun (%91.26) Arap ati
olmasi ve cirit oyunlarinda erkek atlarin (%100) tercih edil-
mesi nedeniyle, arastirma erkek Arap atlari tizerinde yiri-
tllmustur. Cirit misabakalari sirasinda 40 adet ata ait diiz
kosu suresi olctlmustar.

Vicut olctileri, atlar beton ya da diz bir zemin Uzerine
getirilerek normal bir pozisyonda durmalari temin edil-
dikten sonra alinmistir. Viicut olclilerinden cidago yiiksek-
ligi, sagrn yuksekligi, gogus derinligi, 6l¢i bastonu ile
(Hauptner®), sagri uzunlugu ve 6n gogis genisligi olci
pergeli (Elmark®) ile, sirt uzunlugu, beden uzunlugu, gégus
cevresi, boyun kalinhgi, bas uzunlugu, on incik cevresi,
carpal eklemin cevresi ve tarsal eklemin cevresi olcl seridi
ile 6lctlmustdr. Cirit yarislarinda atlarin kosu sirelerini
belirlemek icin tripot ile sabitlenmis video kamera (Sony
DCR-SR58°) kullaniimistir. Atlarin kosu stireleri kronometre
ile belirlenmistir.

Asagida belirtildigi sekilde skor, yas ve VKS gruplari
olusturulmustur.

Skor gruplari: Cirit ati sahiplerinden elde edilen bilgiler
ve Geleneksel Spor Dallari Federasyonunun diizenlemis
oldugu miusabakalarda alinan takim derecelerine gore

atlari 3 gruba ayrilmistir. Skor gruplari belirlenirken g farkli
degerlendirmenin puan toplamlarn dikkate alinmustir: 1.
degerlendirmede “kultibiiniizdeki atlardan 6 tanesini iyiden
kottiye siralayiniz” sorusuna verilen cevaba gore 1. siradaki
ata 6 puan, 6. siradaki ata 1 puan verilmistir. 2. deger-
lendirmede, “kultip disi atlardan 6 tanesinin isimlerini iyiden
kotiiye siralayiniz” sorusuna verilen cevaba gore 1. siradaki
ata 6 puan, 6. siradaki ata 1 puan verilmistir. Her atin aldigi
toplam puan hesaplanarak 6’li puanlamaya cevrilmistir.
3 degerlendirmede ise yapilan resmi musabakalar sunu-
cunda birinci takimin bitiin atlart 3 puan, ikinci takim 2.5
puan, U¢uncl takim 2 puan, doérdiinci takim 1.5 puan,
besinci takim 1 puan alirken, sonuncu takimin bitln atlar
da 0.5'er puan almistir. Bu Ui¢ dederlendirmeye ait puan-
larin toplami ile skor gruplan olusturulmustur. Cirit atlari, iyi
performanstan, zayif performansa siralanarak, skor grup-
larinda toplam puani 7-15 arasi olan cirit atlar 1. grupta
(iyi), puani 4-6.5 arasi olanlar 2. grupta (orta) ve puani 0-3.5
arasi olanlar ise 3. grupta (zayif) yer almistir.

Yas gruplari: 4-5, 6-7, 8-9 ve 10 yas ve Uzeri yastaki atlar
yas gruplarini olusturmustur.

Viicut kondisyon skoru gruplari: Calismada cirit atla-
rina ait VKS, Carroll ve Huntington ¥ tarafindan bildirilen
Avustralya sistemine gore 0 puan ile 5 puan arasinda
skorlama yapilarak belirlenmistir. Cirit oyunlarinda kulla-
nilan atlarin VKS degerleri 3 ve 4 olarak tespit edilmistir.
VKS 3 olan atlar grup 3, VKS dederi 4 olan atlar ise grup 4
olarak tanimlanmistir.

Cirit oyunlar sirasinda, atlarin rakip oyuncudan kactigi
veya rakip oyucuya yetismek icin kisa mesafede hizlanarak
kostuklari alan olan, cirit sahasindaki atis alani gizgisi ile
orta cizgi arasindaki mesafede (51 metre) 40 adet ata ait
kosu sireleri 6lctlmustir. Kosu slreleri her cirit atina ait en
az 10 kayitin ortalamalari alinarak degerlendirilmistir.

Veriler skor grubu, yas grubu, VKS gruplari seklinde
tanimlanmistir. Viicut olcileri ve kosu sirelerine etkili
faktorler asagidaki matematik modelle degerlendirilmistir.
Yoy=p+a;+p +c, +e

i ikl

Bu modelde yer alan terimlerden;

Yyq = i. skor grubuy, j. yas grubu, k. viicut kondisyon
skoru gurubundaki 1. hayvana ait fenotipik degeri,
p = Populasyon ortalamasini, a; = Skor etkisini (1, 2, 3),
b; = Yasin etkisini (4-5, 6-7, 8-9, 10<), ¢, = Viicut kondisyon
skorunun etkisini (3, 4), € = Sansa bagli hatayr temsil
etmektedir.

Verilerin istatistiksel analizi icin SPSS 10.0 paket prog-
ram B4 kullanilmistir. Alt grup ortalamalarinin karsilasti-
rilmasinda Duncan coklu karsilastirma testi 5 uygulan-
mistir. incelenen 6zellikler arasi iliskilerin belirlenmesin-
de parametrik dogrusal korelasyon tekniginden (Pearson
Korelasyonu) yararlanilmistir &4,
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BULGULAR

Erzurum ilindeki cirit atalarinin farkl skor, yas ve VKS
gruplarina gore incelenen viicut dlclleri ve kosu sirelerine
ait ortalamalari ile ¢oklu karsilastirma testi sonuclari Tablo 1
ve Tablo 2'de, kosu sliresi ve viicut olclleri arasindaki feno-
tipik korelasyonlar ise Tablo 3'te verilmistir.

TARTISMA ve SONUC

Viicut Olgiileri: Calismada atlarda cidago yiiksekligi
icin bulunan ortalama deger (154.19+0.33 cm); Andolusian
atlart % icin belirtilen degerle benzerlik gosterirken,

ispanyol 0%, iran 1619, Misir Arap atlari ¥, Tiirkiye'de yetistiri-
A [13,17,18] H da [26-29] ' adila ~

Tablo 1. Farkli skor, yas ve VKS gruplarindaki cirit atlarina ait bazi viicut él¢tileri (cm)

Table 1. Body sizes of javelin horses at different score, age, and VKS groups (cm)

lerden daha yiiksek bulunmustur. Ayrica ingiliz aygirlar 0%,
Noriker 2%, ispanyol Andolusian #2, Finn 23 ve Murgese 1'%,
Mangalarga Marchador 2", Bardigrano atlarinin 4 cidago
yuksekligi bu calismadaki cirit atlarinda tespit edilen de-
gerden daha dusuktir. Bu durum cirit atlarinin seciminde
daha yiiksek cidagolu Arap atlarinin tercih edilmesinin
bir sonucudur. Adimlarin genisligi ve sirtin saglamhgina
yardim ettiginden, hizli ylriyulsli binek atlarda uzun ve
yuksek cidago istenir. Cidago alcak oldugunda, eyerin kay-
ma ihtimali de coktur B¢, Yasin cidago yuksekligi tizerine
etkisi; Van, Kars yerli 2628 Ankara ve izmir hipodrom-
larindaki Arap atlarinda " bu arastirma bulgularina
paralel olarak énemsiz (P>0.05) bulunurken, Murgese
atlarinda ' cok énemli, ingiliz atlarinda '¥, Cifteler,
Anadolu, Karacabey, Mahmudiye ve Sultansuyu Tarim
' esi nda ""'78 jran Ar nda ¥ ise i

\ Skor Yas Viicut Kondisyon Skoru
Srup 1 2 3 45 6-7 8-9 10< 3 4 cfef‘e'
N 32 27 35 29 29 22 14 33 61
cy 154.58+0.57 154.35£0.58 | 153.65+0.50 | 155.17+0.55 154.04+0.53 154.35+0.63 153.21+£0.80 | 154.04+0.56 | 154.34+0.38 | 154.19+0.33
Sy 154.61+0.60 154.61+0.62 | 153.59+£0.53 | 155.19+0.582 | 153.97+0.56°® | 155.09+0.66° | 152.84+0.84" | 154.51+0.59 | 154.04+0.40 | 154.27+0.35
SsuU 48.05+0.42° | 47.82+0.43° | 46.67+0.37° 47.39+0.40 47.43+0.39 47.79+0.46 47.45+0.59 | 47.43+0.41 | 47.60+0.28 | 47.51+0.25
SIU 80.71+1.12 82.98+1.15 82.66+0.98 82.18+1.07 82.24+1.05 82.73+1.24 81.31£1.57 | 81.44+1.10 | 82.79+0.75 | 82.12+0.66
GD 67.96+0.43° | 66.56+0.44" | 66.50+0.38" 67.44+0.41 67.57+0.40 66.41+0.48 66.61+0.61 66.99+0.43 | 67.03+0.29 | 67.01+0.25
GC 157.88+0.99 157.59+1.01 157.13+0.87 157.35+0.95 158.05+0.92 156.98+1.09 157.75+£1.39 | 156.78+0.97 | 158.28+0.66 | 157.53+0.58
GG 38.62+0.36 38.68+0.37 37.91+0.31 37.90+0.34" 38.00+0.33" 38.53+0.40% | 39.20 +£0.50° | 38.42+0.35 | 38.39+0.24 | 38.41+0.21
BEU 149.83+0.10 149.07+£1.03 | 147.43+0.88 | 149.19+0.96 147.79+0.93 149.74+1.14 148.39+1.41 | 149.25+0.98 | 148.30+0.67 | 148.78+0.59
BK 84.35+1.05 83.64+1.08 81.51£0.93 | 84.26+1.01%* | 82.43+0.98%* | 81.11+1.17> | 84.86+1.48° | 83.68+1.04 | 82.66+0.70 | 82.17+0.62
BAU 55.16+0.35% | 54.01+0.36® | 55.07+0.31° 55.04+0.33 54.84+0.32 54.22+0.38 54.89+0.49 | 54.69+0.34 | 54.80+0.23 | 54.75+0.20
IC 19.35+£0.24 19.34+0.24 19.52+0.21 19.14+0.23> | 19.30+0.22° | 19.20+0.26" | 19.97+0.34% | 19.30+0.24 | 19.51+0.16 | 19.40+0.14
cC 30.64+0.31%* | 31.26+0.32° | 30.36+0.27° 30.62+0.30 30.56+0.29 31.23+0.34 30.62+0.43 | 30.68+0.30 | 30.83+0.21 | 30.76+0.18
TC 40.96+0.40 40.77+0.41 40.34+0.35 41.08+0.38 40.62+0.37 40.63+0.44 40.42+0.56 | 40.75+0.39 | 40.63+0.26 | 40.69+0.23
BU/CY 0.97 0.97 0.96 0.96 0.96 0.97 0.97 0.97 0.96 0.96
abe Ayny satirda farkli harfleri tasiyan ortalamalar arasi farkliliklar 5nemlidir (P<0.05), ': Skor: 1= lyi, 2= Orta, 3= Zayif, Viicut Kondisyon Skoru: 3= VKS 3, 4= VKS 4 olan atalan
belirtmektedir, CY: Cidago yiiksekligi, SY: Sagri yﬁksekl{gi, SU: Sagni uzunlugu, SIU: Sirt uzunlugu, GD: G6gds derinligi, GC: Goglis cevresi, GG: On gdgis genisligi, BEU: Beden
uzunlugu, BK: Boyun kalinhgi, BAU: Bas uzunlugu, IC: On incik ¢evresi, CC: Carpal eklem cevre uzunlugu, TC: Tarsal eklem cevre uzunlugu, BU/CY: Beden uzunlugunun cidago
yliksekligine orani

Tablo 2. Farkli skor, yas ve VKS gruplarindaki cirit atlarina ait kosu stireleri (sn)

Table 2. Running time of javelin horses at different score, age, and VKS
groups (sec)

Ozellikler N Gruplar X SxX (P<)?
14 1 4.70° 0.067
Skor 11 2 4972 0.060 *
15 3 4.84" 0.101
12 4-5 4.74 0.087
11 6-7 4.90 0.062 "
Yas oS
9 8-9 4.77 0.071
8 10< 4.93 0.098
13 3 4.71 0.080
VKS **
27 4 4,96 0.048
1 0S: P>0.05, * P<0.05, " P<0.01, *b: Ayni siitunda farkli harfleri tasiyan
ortalamalar arasi farkliliklar Gnemlidir (P<0.05)

tistiksel olarak onemli oldugu saptanmistir. Arastirmada,
yasin cidago ylksekligi tGzerine etkisinin dnemsiz ¢ikma-
sinin sebebi bu ¢alismada incelenen cirit atlarinin gelisimini
tamamlamis (4 yas ve Uzeri) olmasindan kaynaklanmistir.

Sagn yuksekligi icin bulunan ortalama (154.27+0.35
c¢m) deger; Finn atlarinda ¥ bildirilen degerlere benzer
olarak bulunurken, Misir ¥, izmir Sirinyer ve Ankara 75. Yil
Hipodromundaki Arap aygirlarinda %, Anadolu, Karacabey,
Sultansuyu, Mahmudiye Tarim isletmelerinde yetistirilen
Arap atlari '¥, Mangalarga Marchador atlari 2" ve bazi yerli
atlarda 22 bildirilen degerlerden yiiksek olarak saptan-
mis, TJK binyesindeki izmir Sirinyer ve Ankara 75. YIl
Hipodromundaki ingiliz aygir ' ve Noriker atlarindan 2
ise disik bulunmustur. Bu sonuglara gore Cirit oyunla-
rinda sagri yiksekligi daha fazla olan Arap atlarin tercih
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Tablo 3. Kosu stiresi ve viicut 6lctileri arasindaki fenotipik korelasyonlar

Table 3. Phenotypic correlations between measurements and running time

Ozellikler KS cY SsY SuU SIU GD GC GG BEU BK BAU IC cc
cY -0.23
SY -0.30 0.70**
SsuU -0.11 0.11 0.17
Siu -0.08 0.25 0.39*% 0.02
GD -0.30 0.30 0.23 -0.04 0.39%
GC -0.05 0.17 0.19 0.24* 0.45%* 0.38*
GG -0.14 0.08 0.10 0.35% 0.09 -0.10 0.13
BEU -0.21 0.48** | 0.62** | 0.47** 0.5%* 0.43** | 0.56** 0.24
BK -0.07 0.23 0.36* 0.18 0.02 0.24 0.30 0.18 0.22
BAU 0.06 0.28 -0.01 -0.05 -0.18 0.25 0.14 0.22 0.20 0.18
IC -0.25 0.21 0.15 0.17 0.17 0.46** 0.32* 0.02 0.19 0.35% 0.26
cc -0.30 0.28 0.19 0.27 0.22 0.46** | 0.41** 0.1 0.41%* 0.17 0.15 0.73**
TC -0.17 0.23 0.14 0.10 0.42%* | 0.54** 0.34* 0.17 0.50%* 0.28 0.18 0.34* 0.50%*
**P<0.01, * P<0.05, CY: Cidago ytiksekligi, SY: Sagn ytiksekligi, SU:_ ﬁagn uzunlugu, SIU: Sirt uzunlugu, GD: Gédiis derinligi, GC: Gédiis cevresi, GG: On gédiis genisligi,
BEU: Beden uzunlugu, BK: Boyun kalinligi, BAU: Bas uzunlugu, IC: On incik gevresi, CC: Carpal eklem cevre uzunlugu, TC: Tarsal eklem ¢evre uzunlugu. KS: Kosu stiresi

edildigi anlasilmaktadir. Sagr ylksekligine yasin etkisi
Van yerli atlarinda ¥, Anadolu, Karacabey, Mahmudiye
Tarim isletmelerinde yetistirilen Arap atlarinda "® elde edi-
len, arastirma bulgularina benzer olarak 6nemli (P<0.05)
bulunurken, Ankara ve izmir hipodromlarinda yapilan
calismada Arap (3-4 yas) ve ingiliz (3-5 yas) atlarinda ise
onemsiz (P>0.05) bulunmustur '3, Alarslan’in 28 belirttigi
gibi 10 yas ve lizeri atlarda yasin ilerlemesine bagh olarak
sagr yuksekliginde dislis gozlenmistir.

Sagri uzunlugu icin tesbit edilen 47.51+0.25 cm deger
ispanyol Arap atlari " icin bildirilen degere benzer, Man-
galarga Marchador atlarinda " bildirilenden ise distktir.
Cirit atlarinda sagrn uzunlugu farkli skor gruplarinda ista-
tistik olarak onemli (P<0.05) farkhlik géstermistir. En uzun
sagrih atlarin birinci ve ikinci skor grubunda bulundugu
belirlenmistir. Sagrinin uzun olmasi Uzerindeki kaslarin
uzun olmasini ve hayvanin daha hizli kosmasini saglar "%,
Cirit oyunlarinda uzun sagrili atlar tercih edil-mektedir.

GOgus derinligi icin bulunan ortalama deger (67.01+£0.25
cm) bazi yerli 262 ve ispanyol Andolisian 2 atlarinda bildi-
rilen degerlerden yuksek olarak bulunurken; Sultansuyu
ve Mahmudiye Tarim isletmelerinde yetistirilen Arap atla-
rinada ¥ bildirilen degerlere benzer, Anadolu, Karacabey
Tarim isletmesi Arap atlari ¥, Misir'daki Arap aygirlan  ve
Noriker atlarinda 2 bildirilen degerlerden ise diisiik oldugu
tespit edilmistir. Skor gruplar incelendiginde gogus derin-
liginin, en iyi atlarin bulundugu birinci skor grubunda
daha yuksek oldugu tespit edilmistir. Akciger ve kalbin
gelisme derecesi, gogis boslugunun blyikligu ile iliskili
oldugu icin gogsiin gelisme derecesi 6nemlidir 7", Cirit
atlarinin seciminde gogus derinligi gelismis atlar tercih
edilebilir. Go6gus derinligine yasin etkisi Van yerli atlarinda 28
elde edilen sonuca benzerlik gostererek 6nemsiz (P>0.05)
bulunurken, Kars yerli 29 (P<0.05) ve farkli tarim isletme-
lerinde yetistirilen Arap atlarinda '8, istatistiksel olarak
onemli (P<0.01) oldugu belirtilmistir.

Galismada 157.53+0.58 c¢m olarak tesbit edilen g&gus
cevresi Olclsi, bazi yerli atlarda 262 bildirilen degerlerden
daha yiksek, Anadolu, Karacabey, Mahmudiye 8 ve
Sultansuyu U718 Tarim isletmelerinde yetistirilen Arap
atlarinda, Misir'da yetistirilen " 've yasi blyilik olan Arap
aygirlarinda ', Noriker 2%, Van yerli @7, Murgese ¥ ve
Bardigrano atlarinda ??bildirilen degerden ise daha diisiik
bulunmustur. Gogus cevresi bakimindan bu calismadaki
skor, yas ve VKS gruplarinda istatistik farklik énemsizdir
(P>0.05). Arap atlarinda (3-4 yasl) ", Kars yoresi yerli
atlarda 29 ve Sultansuyu Tarim isletmesi Arap atlarda 1"
yasin etkisinin énemli (P<0.05) oldugu bildirilmistir. Gogus
cevresinin genisligi, icindeki organlarin gelisme durumu
ve blyikligi hayvanlarin saghgi ve verimleri Ulzerine
onemli derecede etkilidir 7.,

Ortalama 6n gogis genisligi degeri (38.41+0.21); Kars
yerli atlarina 2 benzer tespit edilirken; ispanyol Arap 1" ve
Turk Rahvan atlarindan "yiiksek olarak bulunmus, Misir
Arap aygirlarindan ¥, Noriker 2% Mangalarga Marchador 2"
ve Van yerli atlarindan ?” disik bulunmustur. Cirit atla-
rinda 6n gogus genisligi incelendiginde yas gruplarindaki
fark istatistiksel olarak &nemli (P<0.05) bulunmustur. On ve
Uzeri yastaki atlarda 6n gogus genisliginin daha yuksek
oldugu tespit edilmistir.

Beden uzunlugu igin ortalama deger (148.78+0.59 cm),
Misirda yetistirilen Arap aygirlarina , ispanyol Arap at-
larina " benzerlik gosterirken, yerli atlar 262 icin bildirilen
degerlerden daha ytksek bulunmustur. Diger yandan bu
calismada beden uzunlugu icin bildirilen degerin iran Arap
atlari 19, izmir Sirinyer ve Ankara 75. Yl hipodromundaki
Arap aygirlart '3, farkh tarim isletmelerinde yetistirilen
Arap atlan '8, ingiliz aygirlar ®, Noriker 2%, Mangalarga
Marchador 2", ispanyol Andolisian ?2 ve Finn atlar ¥
icin bildirilen degerden ise dusik oldugu saptanmistir.
Beden uzunlugu ortalamalari arasindaki farklliklar yas,
irk, bolge ve isletme farkliliklarindan kaynaklanabilir. Cirit
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atlarinda skor gruplar arasinda beden uzunlugu baki-
mindan fark gézlenememesine (P>0.05) ragmen cirit atla-
rinin beden uzunlunun yerli atlar hari¢ bircok Arap ati
ve farkli at irklarindan distik olmasi, cirit ati seciminde
beden uzunlugu fazla olan atlarin tercih edilmedigini
goOstermektedir. Cirit atlarinda beden uzunlugunun cidago
yuksekligine orani ortalama 0.96 bulunmustur bu deger
farkli tarim isletmelerinde yetistirilen Arap atlar 8 icin
bildirilen degerlerden (1.01-1.04) disiktir. Bu durum cirit
atlarinda cidago ytuksekligi fazla, beden uzunlugu daha
az olan Arap atlarinin tercih edildigini gostermektedir.
incelenen beden uzunlugu degerleri icin skor, yas ve VKS
gruplarinda istatistiksel olarak farklilik belirlenmemistir
(P>0.05). Yasin beden uzunlugu lzerine etkisi, bu aras-
tirma bulgularina paralel olarak; Van yerli atlari ©®, Arap
ve ingiliz atlarinda !"¥ istatistiksel olarak énemsiz (P>0.05)
bulunurken, Altindere 27 ve Sultansuyu "> tarim islet-
melerinde yetistrilen atlarda énemli (P<0.05) farkl tarim
isletmelerinde yetistirilen Arap atlarinda '® cok énemli
(P<0.01) bulunmustur. Safkan Arap atlarinin 4 yasinda
blytumelerini tamamladiklari belirtilmistir . Yasin etki-
sinin dnemsiz ¢ikmasi arastirmada yer alan atlarin 4 yas
Uzeri olmasindan kaynaklanabilir.

Atlarda boyun kalinhgi ortalama 82.17+0.62 cm'dir.
Boyun kalinligi yas gruplarinda istatistiksel olarak farkli
bulunmustur (P<0.05). Boyun kalinligi 10 ve Uzeri yas-
taki atlarda en yiksek degeri almistir. Boyun kalinhgi
incelendiginde skor ve VKS gruplarinda istatistiksel farlihk
saptanmamistir (P>0.05). Boyunun kendisi kuru, kaslari iyi
gelismis ve yaglanmamis olmalidir, bu boyun sekli bitiin
verim yonleri icin elverisli sayilmaktadir B,

Bas uzunlugu (54.75+0.20 cm) icin ortalama degerin;
ispanyol Arap atlari ['¥, Kars yéresindeki yerli atlarinda bil-
dirilen degerlere 29 benzer; iran Arap atlar ©, Noriker atla-
ri 2%, Mangalarga Marchador atlar 2, Uzunyayla atlar ve
Turk Rahvan atinda 2% bildirilen degerden ise disiik oldugu
tespit edilmistir. Basin yapisi hayvanlarin irki, verim ve
hizmet yoniine gore degisir. Cirit atlarinda bas uzunlu-
gunun, skor gruplarinda istatistiksel olarak farkli oldugu
tespit edilmistir (P<0.05). Bag uzunlugunun, 1. skor grubun-
da en yiiksek degere sahip oldugu belirlenmistir. Kars yore-
sindeki degisik yas ve cinsiyetteki Turk yerli atlarda yapilan
calismada bas uzunlugu Uzerine yasin etkisinin istatistiksel
olarak 6nemli (P<0.05) oldugu belirlenmistir 52, Ancak bu
calismada, farkh yastaki atlarin bas uzunluklar arasinda
istatistiksel olarak fark bulunmamistir (P>0.05). Basin yapisi
yaris atlarinda genelde asil yani kiicik, zarif yapili ve kuru;
agir atlarda ise iri, kaba ve etlidir 7.,

Bu calismada on incik cevresi icin tespit edilen deger
(19.40£0.14 cm); Safkan Arap ati icin bildirilen bazi deger-
lere benzer 151718 'baz degerlerden 7 ise yiksektir. Bu
durum cirit atlarinda 6n incik gevresi bakimindan degisik-
ligin olmadigini gostermektedir. Diger yandan, bu calismada
on incik gevresi ici bulunan deger, yerli atlar icin bildirilen
degerlerden yuksek iken 2529, bazi yabanci at irklari 19202224

icin bildirilen degerlerden ise disiktir. On incigin kisa
ve genis olmasi dayanikliigi artiracagindan aranilan
ozelliktir 9. Yas gruplarinda 6n incik cevresi incelendiginde
istatistiksel farklilik 6nemli bulunmus olup (P<0.05), 10 ve
Uzeri yastaki atlarin en kalin incige sahip oldugu saptan-
mistir. Bu arastirma bulgularina paralel olarak; Cifteler ™"
ve Sultansuyu "7 Tanim isletmesinde yetistirilen Tiirk Arap
atlarinda yasin etkisinin 6nemli (P<0.05) oldugunu bil-
dirilmistir. Diger yandan bu arastirma bulgularindan farkli
olarak Kars yoresi yerli atlarda yapilan calismada 6n incik
cevresi Uzerine yasin etkisinin 6nemsiz (P>0.05) oldugu
belirlenmistir 26,

Kosu Siireleri: Atlarin 51 metrelik mesafeyi ortalama
4.83+0.048 sn'de kostugu tespit edilmistir. En ¢ok tercih
edilen atlarin bulundugu 1.skor grubundaki atlarin kosu
sureleri 3. skor grubundakilere benzer, 2. skor grubunda-
kilerden ise diistiktir. Atlarin kosu hizi, atin yasi, egitmeni,
binicisi, hava sartlar, hipodromun durumu, tasinan agirlik
ve atin saglik durumu gibi bircok cevresel faktore bagli
olabilir B, Kosu sureleri arasinda varyasyonun dusuk ol-
masi nedeniyle hayvan sayisinin veya kosu mesafesinin
artinlmasi isabetli olacaktir. At yarislarinda yaris hizinin
miisabakada ya da sezonda elde ettigi basariyi ifade
ettigi belirtiimektedir ®2. Cirit oyunlarinda atlarin kisa
surede hizlanarak rakip cirit oyuncusundan kagmasi veya
yakalamasi icin kosu hizi Gnemlidir. Pilarski ve ark.F” yasin,
atlarin hizi izerine etkisinin oldugunu belirtmis ancak bu
calismada farkli yas gruplarinda kosu streleri bakimindan
farkhlk istatistiksel olarak Gnemsiz (P>0.05) ¢cikmistir.

Viicut kondisyon skoru 3 olan atlarin hizi, VKS 4 olan
atlardan yiksek ¢ikmistir (P>0.01). Avustralya sistemine
gore de VKS 3 olan atlarin performanslar yiiksektir 27, Cirit
atlarinin dengeli bir sekilde beslenerek cirit sezonu 6ncesi
ve sonrasl VKS'nun 4 yerine 3'te tutulmasi daha ylksek
performans saglayabilir.

Fenotipik Korelasyonlar: Cirit atlarindan alinan vicut
Olclleri arasindaki fenotipik korelasyon degerlerinden
cidago yuksekligi ile sagri yuksekligi, beden uzunlugu ve
boyun uzunlugu arasinda istatistiksel olarak 6nemli veya
cok onemli pozitif iliski bulunmustur. Benzer sekilde
Antalyali " yapmis oldugu ¢alismada cidago yuksekligi
ile sagri yuksekligi (0.59) arasinda ¢ok onemli iliskinin
oldugunu bildirmistir.

Cidago yuksekligi ile gogus derinligi (0.302), gogus
genisligi (0.077) ve g6gus cevresi (0.171) arasinda istatistik
olarak bir iliski bulunmamasina ragmen Bayram ve ark.?”!
ile Kirmizibayrak ve ark.”®’ s6z konusu vicut olcileri ile
cidago yuksekligi arasinda 6nemli ve ¢cok énemli derece-
lerde iliskilerin bulundugunu saptamislardir. Cidago yiik-
sekligi ile incik cevresi (0.212) arasinda belirlenen kore-
lasyon istatistik olarak 6nemli bulunmazken, Antalyali ',
Bayram ve ark.?”, Suantama ve ark.? ve Sadek ve ark.”
onemli ve cok onemli derecede korelasyonlar tespit et-
mislerdir.
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Yapilan ¢alismada sagri yiiksekligi ile beden uzunlugu
(0.620) arasinda istatistiksel olarak ¢cok dnemli (P<0.01)
dizeyde pozitif korelasyon bulunmustur. Kirmizibayrak
ve ark.” ile Suontama ve ark.”®! bu calismaya benzer ola-
rak bu iliskiyi istatistiksel olarak cok dnemli bulmusglardir.
Sagr yuksekligi ile gogus genisligi (0.101) arasindaki iliski
Bayram ve ark/nin ?” bulgularina benzer olarak istatistiksel
olarak 6nemsiz bulunmustur.

Antalyali " ile Sadek ve ark.” bu ¢alismaya benzer ola-
rak beden uzunlugu ile gogis cevresi arasindaki korelas-
yonu istatistiksel olarak dnemli bulmuslardir.

incik cevresi ile g6giis derinligi (0.458) arasinda cok
onemli (P<0.01), boyun kalinligi (0.346) ve goégus cevresi
(0.324) arasinda 6nemli (P<0,01) pozitif bir korelasyon ol-
dugu belirlenmistir. Antalyal " incik cevresi ile gogis ¢ev-
resi (0.075) arasindaki iliskiyi istatistiksel olarak dnemsiz
bulmustur. Bayram ve ark.”” incik cevresinin gogus derinligi
(0.11) ve gogus cevresi (0.28) arasindaki iliskiyi 6nemli ve
¢ok 6nemli oldugunu belirtmislerdir. Suontama ve ark.
incik cevresi ve gogus cevresi (0.58) arasindaki korelasyonu
istatistiksel olarak cok énemli diizeyde bulmustur. incik
cevresi ile carpal eklem cevre uzunluklar arasindaki yliksek
dereceli pozitif iliski (0.74) cirit ati seciminde incik cevresi
Olclist yaninda carpal eklem cevre 6lclisiiniin de dikkate
alinabilecegini gostermektedir.

Sonug olarak cirit atlari seciminde yiiksek cidago ve
sagrili, beden uzunlugu daha kisa olan Arap atlar tercih
edilmektedir. Cirit oyunlarinda performansi iyi olan atlarda,
gogus derinligi ve sagri uzunlugu daha fazladir. Cirit ati
seciminde bu olciler dikkate alinmalidir. Cirit oyunlarinda
atlarin VKS'sinin 3 olmasi, performanslarini olumlu etkile-
yebilir. Cirit atlarinda viicut Olcileri arasindaki fenotipik
korelasyonlar, bu karakterlerin biri bakimindan Gstin
degerli bireylerin secilmesi ile secilen bireylerde ikinci karak-
terin ne durumda olacagi hakkinda fikir vermesi agisindan
onemlidir.
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Summary

The aim of this study was to determine the potential nutritive value of pistachio hulls obtained from six different varieties using chemical
composition and in vitro gas production technique. In vitro gas productions of pistachio hulls were determined at 0, 3, 6, 12, 24, 48, 72 and 96
h incubation times and their gas production kinetics were described. There is considerable variation among pistachio hulls obtained from six
different varieties in terms of chemical composition and in vitro gas production, metabolisable energy (ME) and organic matter digestibility
(OMD). Dry matter (DM) contents of pistachio hulls ranged 26.45 to 29.25%. Ash content of pistachio hulls ranged from 8.50 to 19.86%. The crude
protein (CP) contents of pistachio hulls ranged 7.27 to 14.99%. The hulls from Kirmizi, Ohadi and Keten Gémlegi (KG) had significantly higher
CP contents than the others. The NDF and ADF contents of pistachio hulls ranged from 18.25 to 22.49% and 14.32 to 18.29% respectively. The
pistachio hulls from Ohadi and Uzun had significantly higher NDF and ADF contents than the others. The CT contents of pistachio hulls ranged
from 2.03 to 2.63%. The hulls from Beyaz Ben (BB) had significantly higher CT content than that of KG. The gas production rate ranged from 0.071
t0 0.107%. The gas production rate of pistachio hulls from Sultani and KG were significantly higher than the others. The potential gas production
of pistachio hulls ranged from 65.92 to 73.46 mL. The potential gas production of pistachio hulls from BB and Ohadi were significantly higher
than the others. The ME and OMD contents of pistachio hulls ranged from 9.76 to 11.05 MJ/kg DM and 69.00 to 74.50% respectively. The ME
contents of pistachio hulls from BB and Ohadi were significantly higher than those of Kirmizi, Uzun and KG whereas the OMD contents of
pistachio hulls from Ohadi were significantly higher than those of pistachio hulls for Kirmizi, Sultani, Uzun and KG. In conclusion, chemical
characterization with CP, OMD and ME suggests that the pistachio hulls had moderate level of CP concentration and was quite digestible
therefore it can be said that pistachio hulls will provide feedstuffs of an acceptable quality for ruminant animals.

Keywords: Chemical composition, Condensed tannin, Digestibility, Nutritive value, In vitro gas production, Pistachio hulls

Varyetenin Antep Fistigi Dis Kabugunun Potansiyel
Besleme Degerine Etkisi

Ozet

Bu calismanin amaci, farkli varyetelerden elde edilen Antep fistiginin dis kabugunun potansiyel besleme degerini kimyasal kompozisyonu
ve in vitro gaz Uretim teknigini kullanarak belirlemektir. in vitro gaz élciimleri fermentasyonun baslamasindan sonra 3, 6, 12, 24, 48, 72 ve
96 saatlerinde yapilmistir. Farkli varyetelerden elde edilen Antep fistigi kabugunun kompozisyonlari, in vitro gaz Uretimi, metabolik enerji
iceriklerinde ve organik madde sindirim dereceleri arasinda dnemli varyasyonlar vardir. Antep fistigi kabuklarin kuru madde icerigi %26.45
- %29.25 arasinda degismistir. KUl icerigi ise %8.50 - %19.86 arasinda degismistir. Antep fistigi kabuklarin ham protein icerigi %7.27 - %14.99
arasinda degismistir. Kirmizi, Ohadi ve keten gomlegi varyeteleri en yiksek protein icerigine sahip olmustur. Antep fistigi kabuklarin NDF ve
ADF icerikleri sirasiyla %718.25 - %22.49 ve %14.32 - %18.29 arasinda degismistir. Ohadi ve Uzun varyeteleri en yiksek NDF ve ADF icerigine
sahip olmustur. Antep fistigi kabuklarin kondense tanen icerikleri %2.03 - %2.63 arasinda degismis olup Beyaz Ben varyetesi en yliksek tanen
icerigine sahip olmustur. Antep fistigi kabuklarin gaz tiretim hizi %0.071 ile %0.107 arasinda degismis olup en yiksek gaz tretim hizina Sultani
ve Keten Gomlegi varyeteleri sahip olmuslardir. Antep fistigi kabuklarin potansiyel gaz tiretim miktarlari 65.92 ile 73.46 ml arasinda degismis
olup en yuksek gaz Uretim miktarina Beyaz Ben ve Ohadi varyeteleri sahip olmustur. Antep fistigi kabuklarin metabolik enerji ve organik
madde sindirim dereceleri sirasiyla 9.76 ile 11.05 MJ/kg KM, %69.00 - %74.50 arasinda degismistir. Beyaz Ben ve Ohadi varyetelerinden elde
edilen kabuklarin metabolik enerji icerikleri Kirmizi, Sultani, Uzun ve Keten Gomlegi varyetelerinden elde edilen kabuklarin metabolik enerjisi
iceriginden yiiksek olmasina ragmen Ohadi varyetesinden elde edilen Kirmizi, Sultani, Uzun ve Keten Gomlegi varyetelerinden elde edilen
kabuklarinin OMD degerinden yiiksek bulunmustur. Sonug olarak, kimyasal olarak ham protein, OMD ve ME bakimindan yapilan karekterizasyon
Antep fistigi kabuklarinin orta seviyede ham protein icerdigi ve oldukga sindirilebilir oldugundan dolayi ruminantlar icin kabul edilebilir kalitede
yem saglayacagi soylenebilir.

Anahtar sézciikler: Kimyasal kompozisyon, Kondense tanen, Sindirim derecesi, Besleme degeri, in vitro gaz iiretimi,
Fistik dis kabugu
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INTRODUCTION

After processing of fruits, vegetables, crops and nuts,
considerable amount agricultural byproduct become
available and used to meet the energy and protein
requirements of livestock animal in most parts of the world
especially during the dry season when food shortage occurs ™.
There is about 2.212.229 hectares of pistachio garden in
Turkey and annual dry pistachio production is 128000
tones . Pistachio fruit is well known for its oleaginous and
edible seed. The hull of pistachio is constituted by epicarp
and mesocarp which adheres tightly the hard inner shell
until the pistachio nut is ripe Bl De-hulling of pistachio after
harvest produces considerable amount hulls which are
dried or ensiled for storage. Several researches showed that
dried or ensiled pistachio by product can be used ruminant
diets to some extent . Although there is considerable
amount pistachio hull production in Turkey there is no
information about chemical composition, digestibility, and
metabolic energy contents of pistachio hulls obtained from
different varieties. Chemical composition, in combination
with in vitro gas production, OMD and ME content
were widely used to determine the potential nutritive
value of feedstuffs which are previously limited or un-
investigated “1%.The aim of this study was to determine
the potential nutritive value of pistachio hulls obtained
from six different varieties using chemical composition
and in vitro gas production technique.

MATERIAL and METHODS

This experiment was conducted in the laboratory of
Department of Animal Science, Faculty of Agriculture,
University of Kahramanmaras Sutcu Imam, Kahramanmaras,
Turkey. Studies performed using in vitro experimental
model was approved by the Animal Experimentation Ethics
Committee of University of Kahramanmaras Sutcu Imam,
Faculty of Agriculture (Protocol No: 2013/01). Pistachio hulls
obtained from six different varieties (Beyaz Ben, Kirmizi,
Ohadi, Sultani, Uzun and Keten Gomlegi) were shade
dried and taken to laboratory and milled in a hammer mill
through a 1 mm sieve for subsequent analysis.

Dry matter (DM) contents of pistachio hulls was
determined by drying the samples at 105°C overnight
and ash by igniting the samples in muffle furnace at
525°C for 8 h. Nitrogen (N) contents of pistachio hulls
was measured by the Kjeldahl method " Crude protein
contents of pistachio hulls were calculated as N X 6.25.
Neutral detergent fiber (NDF) contents of pistachio hulls
was determined by the method van Soest and Wine ' and
ADF contents of pistachio hulls were determined by the
method of van Soest . Condensed tannin contents of
pistachio hulls were determined by butanol-HCI method
as described by Makkar et al™. All chemical analysis is
carried out in duplicate.

Pistachio hulls milled through a 1 mm sieve were
incubated in vitro rumen fluid in calibrated glass syringes
following the procedures of Menke et al.!'®,

Rumen fluid was obtained from one year old and
approximately 50 kg of three fistulated Awassi ram after
one week adjustment period of a diet. Fistulated Awassi
ram fed twice daily with a diet containing alfalfa hay (60%)
and concentrate (40%). Rumen fluid was collected before
morning feeding and squeezed through four layers of
cheesecloth. The rumen fluid was flushed with CO,. The
rumen fluid was added to buffered mineral solution in the
ratio of 1:2 respectively. Approximately 0.200 gram dry
weight of Pistachio hulls samples was weighed in triplicate
into calibrated glass syringes of 100 ml. The syringes
were prewarmed at 39°C before the injection of 30 ml
rumen fluid-buffer mixture into each syringe followed by
incubation in a water bath at 39°C. Gas production was
recorded at 3, 6, 12, 24, 48, 72 and 96 h after incubation
and corrected for blank incubation. Cumulative gas
production data of Pistachio hulls were fitted to non-linear
exponential model as: Y = A (1 — exp™) I,

Where Yis gas production at time't; A is the potential
gas production (ml/200 mg DM), c is the gas production
rate constant (h™") and tis the incubation time (h).

ME (MJ/kg DM) values of pistachio hulls were estimated
using equation of Menke et al." as follows:

ME (MJ/kg DM) = 2.20 + 0.136 GP + 0.057 CP,

where, GP = 24 h net gas production (ml/0.200 g); CP =
Crude protein (%).

Organic matter digestibility (%) values of pistachio
hulls were calculated using equation of Menke et al.' as
follows:

OMD (%) = 14.88 + 0.889GP + 0.45CP +0.0651 XA

where XA: ash content (%).

One-way analysis of variance (ANOVA) was carried
out to determine the effect of variety on the chemical
composition, gas production kinetics, ME and OMD of
pistachio hulls. Significance between individual means
was identified using the Tukey’s multiple range tests 7.
Mean differences were considered significant at P<0.05.

RESULTS

The effect of variety on the chemical composition
of pistachio hulls is presented in Table 1. The variety has
significant effect on the chemical composition of pistachio
hulls. The DM contents of pistachio hulls ranged from
26.45 to 29.25%. The CP contents of pistachio hulls ranged
7.27 to 14.99%. The hulls from Kirmizi, Ohadi and KG had
significantly higher CP contents than the others. The NDF
and ADF contents ranged from 18.25 to 22.49% and 14.32
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to 18.29% respectively. The hulls from Ohadi and Uzun
had significantly higher NDF and ADF contents than the
others. The ash contents of pistachio hulls were ranged
8.50 to 19.86%. The hulls from Uzun had significantly
higher ash content than that of Sultani. The CT contents
of hulls ranged from 2.03 to 2.63%. The hulls from BB had
significantly higher CT content than that of KG.

The effect of variety on gas production of pistachio
hulls at different time intervals is presented in Fig. 1. At 3,
6 and 12 hours incubation the gas production for Kirmizi
and Uzun were significantly lower than the others. At
24,48 and 72 h incubation times, the gas production for
Kirmizi, Uzun and KG were significantly higher than the
others. At 72 h incubation times the gas productions for
BB and Ohadi were significantly higher than the others.

The effect of variety on gas production kinetics, ME,
OMD of pistachio hulls is presented in Table 2. The variety
had a significant effect on gas production kinetics, ME,
OMD of pistachio hulls. The gas production rate ranged
from 0.071 to 0.107%. The gas production rate of pistachio
hulls from Sultani and KG were significantly higher than
the others. The potential gas production of pistachio hulls
ranged from 65.92 to 73.46 ml. The potential gas production
of pistachio hulls from BB and Ohadi were significantly
higher than the others.

The ME and OMD contents of pistachio hulls ranged
from 9.76 to 11.05 MJ/kg DM and 69.00 to 74.50%
respectively. The ME contents of pistachio hulls from BB
and Ohadi were significantly higher than those of Kirmizi,
Uzun and KG whereas the OMD contents of pistachio

Table 1. The effect of variety on the chemical composition of pistachio hulls (on a dry matter basis)

Tablo 1. Cesidin Antep fistigi dis kabugunun kimyasal kompozisyonuna etkisi (kuru madde bazinda)

Co';:::)isei:iton BB K . verey . SEM Sig.
Irmizi Ohadi Sultani Uzun KG

DM 26.45¢ 26.73¢ 29.25° 28.54%* 28.98* 26.85° 0.549 **

Ash 16.66°° 18.62 11.38% 8.50° 19.86° 15.4420 3.070 *

cP 11.06¢ 14.99* 13.30° 7.27¢ 10.77¢ 14.49° 0.357 *xE

NDF 18.25P 19.03° 22.13° 18.51° 22.49° 18.84° 0.225 b

ADF 15.15P 14.32° 18.29° 15.38° 18.02° 14.47° 0.479 bl

cT 2.63° 2.34%® 2.37%® 2,07 2.55% 2.03° 0.183 **
ab< Row means with common superscripts do not differ (P<0.05), SEM - standard error mean, Sig. - significance level, DM - Dry matter %, CP - Crude protein,
NDF - Neutral detergent fiber, ADF - Acid detergent fiber, CT - Condensed tannin, BB - Beyaz Ben, KG - Keten Gmlegi, *P<0.05, **P<0.01, *** P<0.001

Fig 1. The effect of variety on gas production of pistachio hulls
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Table 2. The effect of variety on the gas production kinetics, metabolisable energy and organic matter digestibility of pistachio hulls

Tablo 2. Cesidin Antep fistigi dis kabugunun gaz tiretim par/ametrelerine, metobolik enerji ve sindirim derecesine etkisi

Variety

Parameters
BB Kirmizi Ohadi
d 0.077° 0.074° 0.081°
A 73.11° 66.01¢ 73.46°
ME 10.74° 10.11< 11.05°
OMD 72.65% 69.00¢ 74.50°

SEM Sig.

Sultani Uzun KG
0.0982 0.071° 0.1072 0.005 wxE
70.96° 67.39¢ 65.92¢ 0.538 HEE
10.70% 9.76¢ 10.34b¢ 0.108 wxE
71.60° 71.60° 70.26" 0.711 HxE

ab< Row means with common superscripts do not differ (P<0.05), SEM - standard error mean, Sig. - significance level, ¢ - gas production rate (%), A - potential
gas production (mL), ME - Metabolisable energy (MJ /kg DM), OMD - Organic matter digestibility %, *** P<0.001

hulls from Ohadi were significantly higher than those of
pistachio hulls for Kirmizi, Sultani, Uzun and KG.

DISCUSSION

There are significant variations among varieties in
terms of chemical compositions of pistachio hulls. The NDF,
ADF and CP contents obtained in the current study were
considerably lower than those reported by Gholizadeh et
al® who reported that NDF and ADF, CP contents were 25,
20 and 16.6% respectively. On the other hand, except for
Uzun and Sultani, ash contents of pistachio hulls obtained
in the current study were considerably higher than those
reported by Gholizadeh et al. ® who reported that
ash content was 12.7%. The differences between two
studies are possibly associated differences in variety,
growing conditions, kernel maturity and de-hulling process
applied.

Except for Sultani, the crude protein contents of
pistachio hulls are comparable with those proposed as
the minimum requirements for lactation (12% of DM)
and growth (11.3% of DM) in ruminants "'®. Therefore
pistachio hulls investigated in the current experiment
have the potential for ruminant animals to meet the
protein requirements during the critical periods when
there is a shortage of high quality forages. However, Kumar
and Singh " suggested that CP in diet may be restricted
due to high levels of condensed tannin (50 g/kg DM)
owing to excessive formation of tannin-protein complexes,
e.g. with endogenous protein, which pass through the
animal largely undigested. On the other hand Barry 2
suggested that CT which is lower than 2-3% may have
beneficial effects to ruminants due to reduction in protein
degradation as a result of the formation of protein-
tannin complexes in the rumen. However, in the current
experiment, the condensed tannin levels of pistachio
hulls were lower than those considered detrimental to
ruminant animals.

There are significant variation among pistachio varieties
in terms of in vitro gas production and estimated parameters
such as OMD and ME contents of hulls. The variation in gas
production and estimated parameters among pistachio

varieties can be attributed to compositional differences
of pistachio hulls, especially cell wall, CP contents and
some other anti-nutritive factors such as CT. Babayemi
et al.?" indicated that there are many factors that may
determine the amount of gas to be produced during
the fermentation, depending on the nature and level
of cell content, the presence of secondary metabolites
in feedstuffs. Blummel and Orskov 2 suggested that in
vitro gas production is associated with volatile fatty acid
(VFA) production following fermentation of substrate so
the more fermentation of a substrate the greater the gas
production, although the fermentation end products do
correlate more closely with gas production.

Organic matter digestibility of pistachio hulls obtained
in the current study were considerably higher than those
reported by Noghabi and Rauzbehan ! who reported
that OMD of pistachio hulls ranged from 52.6 to 65.6% and
polyethylene glycol (PEG) supplementation significantly
increased in vitro OMD of pistachio hulls.

Although there is considerable amount pistachio hull
production in Turkey, there is no information about the
biomass production of pistachio hulls as a feed source for
ruminant animals. It would be more useful if further studies
should be focused on the biomass production potential of
pistachio hulls in Turkey.

In conclusion, chemical characterization with CP, OMD
and ME suggests that the pistachio hulls moderately
high CP concentration and was quite digestible therefore
pistachio hulls provide feedstuffs of an acceptable quality
for ruminant animals.
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Ozet

Uygun olmayan kosullarda Uretilen sucuklarda gida kaynakli patojenlerden Listeria monocytogenes, koagiilaz (+) Staphylococcus aureus
ve koliformlar gelisebilmekte ve bu rlnler insan sagdligi agisindan risk arz edebilmektedir. Bu ¢alismada, Mersin ve Adana illerine bagli
yaylalarda geleneksel yontemlerle dretilen (kirsalda satisi ve servisi yapilan) 60 sucuk drnegi L. monocytogenes, koagllaz (+) S. aureus
ve koliformlar agisindan incelenmistir. Tirk Gida Kodeksine gére sucukta hi¢ bulunmamasi gereken L. monocytogenes 7 6rnekte tespit
edilmistir. Ayrica 10 6rnekte koagllaz (+) S. aureus ve 18 drnekte koliform grubu mikroorganizmaya rastlanmistir. Kirsal alanda sucuk satis
ve servis noktalarindaki denetimlerin arttirilmasi ve tretim yapan kisilerin hijyen konusunda egitimi sorunun ¢éziimiine katki saglayacaktir.

Anahtar sozciikler: Et (iriinleri, Sucuk, Mikrobiyel kalite, Gida kaynakl patojenler

An Investigation on the Microbiological Quality of
Sucuk Produced by Traditional Methods

Summary

Foodborne pathogens like Listeria monocytogenes, coagulase(+) Staphylococcus aureus and coliforms may grow in sucuk produced
under unsuitable conditions and possess risks for human health. In this study, 60 sucuk samples produced by traditional methods in plateaus
of Mersin and Adana provinces were investigated in terms of L. monocytogenes, coagulase (+) S. aureus and coliforms. L. monocytogenes,
which must not to be present in sausages according to Turkish Food Codex, was detected in 7 samples. In addition, 10 of samples were
found to be contaminated with coagulase (+) S. aureus and 18 of samples with coliforms. Increasing controls of sausage sale and service
points in rural areas, and training of producers on hygiene will contribute to the solution of the problem.

Keywords: Meat products, Turkish dry fermented sausage (sucuk), Microbial quality, Foodborne pathogens

GiRiS

Sucugun bilesimi (yag, baharat ve diger katki madde-
lerinin miktar ve cesitleri) pazar isteklerine gore degis-
mektedir. Geleneksel sucuk Uretimi iklim kosullarina bagh
olarak 6zellikle sicakhidin, hava akiminin ve rutubetin
uygun oldugu sonbaharda yapilr. Sucuk hamuru kiliflara
doldurulduktan sonra askilara alinarak olgunlasmaya
birakilir. Bu yontemde sucuklar 20-30 giinde olgunlasir ™.
Fermente sucuklarda kalite niteliklerinin gelistirilip art-
tirllmasinda bazi mikroorganizmalarin enzimatik ve
teknolojik etkileri blytk édnem tasir. Bu mikroorganiz-
malarin baslicalari laktobasil, mikrokok ve stafilokok
grubunda yer alan bakteri tirleridir. Bunlardan laktobasiller
dogrudan olusturduklari laktik asit ile fermente sucuklarda

pH'nin didsmesi, aroma olusumu ve dolayli olarak renk
olusumunda; mikrokok/stafilokoklar ise nitrati indirge-
yerek renk ve aroma olusumunda rol oynarlar 2. Gele-
neksel yontemlerle yapilan fermente Tirk sucugu, olgun-
lasmada 6nemli rol oynayan faydali bakterilerin yani sira
istenmeyen bazi mikroorganizmalar da barindirabilir. Bu
calismada incelenen bakterilerden biri olan S. aureus’un,
dinyada bakteriyel gida zehirlenmelerinden sorumlu
tutulan bakteriyel ajanlar arasinda ilk sirada yer aldigi
belirtiimektedir &,

Koliform grubu bakteriler 37°C'de 48 saat icinde
laktozdan asit ve gaz olusturabilen bakterilerdir. Koliform

& lletisim (Correspondence)
+90 505 6382387
>< halilyalcin@yahoo.com
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grubu bakteriler gidalarda hijyen indikatori olarak deger-
lendirilir. Listeria cinsinin 8 tUru vardir. Bu tirler Listeria
monocytogenes, L. innocua, L. seeligeri, L. welshimeri, L.
ivanovii, L. marthii, L. rocourtiae ve L. grayi'dir. Listeria
turleri icerisinde insan listeriozisi ile genel olarak Listeria
monocytogenes seyrek olarak da L. seeligeri ve L. ivanovii
iliskilendirilmektedir ™. Listeria ubikiter bir bakteri oldugun-
dan insanlara gecisinde gidalar basta olmak (izere bircok
muhtemel yol vardir. insan listeriozunun asil kaynagini L.
monocytogenes ile kontamine hayvansal gidalar olustur-
maktadir B. Sucuk hamurunun baslangi¢c pH'sinin yiiksek
olmasi L. monocytogenes gelismesi icin uygun ortam sagla-
maktadir. Olgunlagmanin ileri giinlerinde degisik faktorlerin
(6rn. bakteriyosin) kombine etkisi ile sayr azalmaktadr.

Gidalarda L. monocyogenes belirlenmesinde sifir tolerans
politikasi gecerlidir. Bu ytzden L. monocyogenes analiz-
lerinde 25 gr'da var/yok testi uygulanmaktadir. Turk Gida
Kodeksi Mikrobiyolojik Kriterler Yonetmeligine gore ¥
fermente sucukta L. monocytogenes bulunmamalidir. Ayni
yonetmenlikte S. aureus ve koliform icin herhangi bir kriter
mevcut degildir. Tirk Standartlari Enstitlisi'niin 2002
yilinda yayimladigi TS 1070 Tirk sucugu standardina gore;
incelenen her bes 6rnekte S. aureus icin bir érnekte 5x10°
kob/g dort 6rnekte 10% kob/g' ve koliform grubu bakterile-
rin 10 kob/g’t gegmemesi gerektigi 6ngorilmektedir. Kok
ve ark.” Aydin ilinde satisa sunulan fermente sucuklarin
%14'tinde Listeria spp. ve %4’iinde L. monocytogenes tespit
etmislerdir. Ayrica degisik oranlarda koagiilaz (+) S. aureus
ve koliform grubu bakteri belirlediklerini bildirmislerdir.
Oksiiztepe ve ark. Elazig'da yaptiklan calismada sucuk
orneklerinin %9'unda Listeria spp. ve %10'unda koagiilaz
(+) S. aureus tespit etmislerdir .. Koluman ve ark.® ince-
ledikleri 50 kiyma 6rneginde %70 oraninda S. aureus,
Guven ve ark.” ise 80 kiyma 6rnedinin %46.25'inde bu
bakteriyi tespit ettiklerini bildirmislerdir.

Son yillarda fast food kulturinin ve islenmis et Uriin-
lerindeki rekabetin artmasi ile geleneksel Turk sucugu daha
cok sehirden uzak noktalarda ve kirsalda yemek hizmeti
veren isletmelerde bulunur hale gelmistir. Ulkemizde halkin
damak tadina hitabeden ve sevilerek tiiketilen bir Griin
olan fermente sucukta halk sagligi acisindan muhtemel
risklerinin belirlenmesi, bilimsel ve yasal bir gerekliliktir. Ham
maddesinin et olmasi dolayisiyla sucugun, hammadde ve
Uretim asamasindan tlketiciye ulasincaya kadar gecen her
donemde olusabilecek mikrobiyolojik riskler halk saglhgi
acgisindan 6nem tagimaktadir. Bu calisma, kirsal piyasadan
temin edilen fermente sucuklarin L. monocytogenes,

koagiilaz (+) S. aureus ve koliformlar agisindan mikrobiyolojik
kalitesini ortaya koymak amaciyla yapilmistir.

MATERYAL ve METOT

Galismamizda 60 adet fermente sucuk kullanild.
Ornekler Adana, Tarsus, Mersin yaylalarindan Eyliil-Ekim-
Kasim 2011 zaman diliminde toplandi. Aseptik sartlarda
steril numune posetlerine alinarak soguk zincirle labora-
tuara getirilen 6rnekler hemen analize alindi.

L. monocytogenes aranmasi "% ve S. aureus sayimi igin '
FDA/BAM yontemleri kullanildi. Koliform grubu bakterilerin
sayimi icin Halkman'in belirttigi metot kullanildi ',

BULGULAR

Calismamizda kullanilan 60 adet fermente sucuk
orneginin 7'sinde L. monocytogenes, 10'unda koagulaz (+)
S. aureus ve 18inde koliform grubu mikroorganizma tespit
edilmistir. Kati vasatta tipik L. monocytogenes kolonisi
tespit edilen 6rneklerdeki sonuglar, ayni 6rneklerin vidas
sonuglari ile uyumlu bulundu. Fermente sucuklarin mikro-
biyolojik analizleri sonucu elde edilen pozitif 6rnekler
Tablo 1'de, fermente sucuk orneklerinde mikroorganizma
sayllarinin yiizde dagilimi ise Tablo 2'de verilmistir.

TARTISMA ve SONUC

’

Ozellikle et ve et Uriinleri ile insanlara bulasan Listeria
lar insanlarda ciddi infeksiyonlara yol acabilmektedir. Bu
calismada analize alinan orneklerin %11.6'sinda L.
monocytogenes tespit edilmistir. Sancak ve ark. ¥, fer-
mente Tirk sucuklarinda yaptiklari ¢alismada, 6rnek-
lerin %15'inde L. monocytogenes tespit ettiklerini bildir-
misleridir. Ayni calismada salam 6rneklerinin %10’unun,
sosis Orneklerinin ise %25'inin L. monocytogenes ile konta-

Tablo 1. Fermente sucuk 6rneklerinin mikrobiyolojik sonuglari (n=60)

Table 1. The results of microbiological of samples fermented sausage (n=60)

. . (+) Toplam Ornek
ELbieafdaniens Ornek Sayisi % Sayisi
L. monocytogenes 7 11.6 60
Koagiilaz(+) 10 166 60
Staphylococcus aureus
Koliform 18 30.0 60

Tablo 2. Fermente sucuk drneklerindeki mikroorganizma sayilarinin yiizdesi (kob/g, n=60)

Table 2. The fermented sausages samples of microorganism count percent (cfu/g, n=60)

<0.1x10 0.1x10" - 9.9x10' 1.0x10? - 9.9x10? 1.0x10° - 9.9x103 >1.0x10*
Mikroorganizma
n % n % n % n % n %
Koagtilaz(+) Staphylococcus aureus 50 834 1 1.66 5 8 4 6.4 - -
Koliform 42 70 1 1.66 9 15 13.33 - -
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mine oldugu bildirilmistir. Calismamizda tespit ettigimiz
%11.6 L. monocytogenes orani Sancak ve ark."® tarafindan
tespit edilen %15'lik ve Bozkurt ' tarafindan 25 sucuk
orneginde bildirilen %31.58’lik oranlardan dusuktar.
Kok ve ark.® Aydin‘da, Oksiiztepe ve ark.” Elazig'da
yaptiklari calismalarda fermente sucuklarin %4'tGinde L.
monocytogenes bulundugunu bildirmislerdir. Arastirma-
cilanin tespit ettikleri oran, bu calismada belirlenen orandan
oldukca distktir. Bu farkliliklar 6rneklerde kullanilan sorbat,
nitrat ve starter gibi katki maddelerinin varligindan ve farkli
oranlarda bulunmasinin yani sira ambalaj farkliliklarindan
da kaynaklanabilir. Sucuk Uretiminde kullanilan tuz,
sodyum nitrit gibi maddelerin antilisterial etkilerinin yani
sira, olgunlasma sirasinda floraya hakim olan laktobasillerin
pH'y1 disliirmesi ve yine bu bakterilerin Gretmis oldugu
bakteriosinlerin antagonistik etkisinden dolayr sucukta L.
monocytogenes sayisi azalabilir. Colak ve ark.' istanbul
piyasasindan elde ettikleri 300 sucuk 6rneginin 35‘inde
(%11.6) L. monocytogenes tespit etmislerdir. Bu veriler
calismamizda elde ettigimiz verilerle oransal bakimdan
tam uyum icerisindedir.

pH 4.2'nin Uzerindeki fermente et Uriinlerinde bulunma
ihtimali yuksek olan S. aureus inceledigimiz 6rneklerden
10'unda (%16.6) tespit edilmistir. Kok ve ark.® inceledikleri
drneklerin %12'sinde, Oksiiztepe ve ark.”’ %10'unda Sancak
ve ark.'® %16'sinda (koagilaz (+) S. aureus tespit ettikle-
rinin bildirmislerdir. Bulgularimiz Sancak ve ark.'® bil-
dirdigi bulgular ile uyum icerisindedir. Erdogrul ve ark.”
fermente sucuklarda bildirdigi %6.6 S. aureus oranindan
ise oldukca fazladir. Tespit oranlarinin farkli olmasinda
incelenen Ornek sayisi degiskenliginin etkili oldugu disi-
nilmektedir. Ozmotolerant bir bakteri olan S. aureus ile
sucuk yapimi sirasinda az sayida kontaminasyon olsa
dahi fermentasyon siirecindeki disik a, dizeylerinde
gelisip toksik etki gosterebilir. Uygun kosullarda olgun-
lastinlmayan ve starter kiltiir icermeyen sucuklarda stafilo-
koklarin geliserek enterotoksin olusturabilecekleri belirtil-
mistir B, Stafilokokal gida zehirlenmelerinin 6niine gec-
mek icin Uretim, personel ve alet ekipman hijyeni 6nem
arzetmektedir. Kirsalda Uretilen sucuklarda koruyucu ve
starter kultir kullaniimadigi distntlmektedir.

Bu calismada kullanilan 6rneklerde hijyen indikatori
olarak bilinen koliform bakterilerine %30 oraninda rast-
lanmistir (Tablo 7). Bu durum ham maddenin kontamine
olmasindan, Gretim hijyenine dikkat edilmemesinden,
alet ekipmanin kontamine olmasindan ve yetersiz olgun-
lastirmadan kaynaklanabilir. Koliform grubu bakteriler
Grlndn raf 6mrind azaltan onemli bir faktordir. Kok ve
ark.®™ sucuk orneklerinde ortalama koliform bakteri sayisi
1.62 log kob/g olarak bumuslardir. Erdogrul ve ark.'”
inceledikleri sucuk 6rneklerinde ortalama koliform bakteri
sayisinl 244/g, olarak bildirmistir. Bu calismada koliform
saylisi Ureme olan 6rneklerde 9.0x10' - 6.0x10° kob/g arasinda
bulunmustur. Calismalar arasindaki farkliliklar Gretim yerle-
rindeki hijyen, ham maddenin bakteriyel yikd, personel

ve alet-ekipman hijyeninden kaynaklanabilir. Ozellikle
koagiilaz (+) S. aureus ve koliform sayisinda tespit edilen
miktarlar bu parametrelerin sucukla ilgili mikrobiyolojik
kriterler ydnetmeligine girmesi gerektigini ortaya koymak-
tadir. Toplam 42 6rnekte koliform grubu bakteriye rastlan-
madi. Bunun sebebi olgunlasma sirasinda su aktivitesi-
nin azalmasi, pH'nin dismesi, rekabetci flora ve bakteri-
yosinlerin varligi olabilir.

Sonug olarak elde edilen veriler sucuk orneklerinde L.
monocytogenes, koagiilaz (+) S. aureus ve koliform grubu
bakterilerin varligini ortaya koymustur. Bu durum Griiniin
raf dGmrindn kisalmasina neden olmasinin yaninda halk
saghgi acisindan da blyik 6nem arz etmektedir. Sucugun
uygun olmayan kosullarda Uretilmesi ve degisik ozel-
liklerdeki ham maddeler kullanilmasindan kaynaklanan
mikrobiyel riskleri bertaraf etmek icin kirsal alandaki satis ve
servis noktalarinda denetimlerin artirlmasi gerekir. Gele-
neksel sucuk Uretimi yapan kisilerin ham madde ve Uretim
hijyeni yani sira muhafaza ve satis kosullar konularinda
egitilmesi Urlnlerin halk saghgi riski olusturma ihtimalini
dusurecektir.

KAYNAKLAR

1. Arslan A: Et Muayenesi ve Et Uriinleri Teknolojisi. 5.330-344, Medipres
Matbaacilik, Malatya, 2002.

2. Dinger B, Ozdemir H, Mutluer B, Yagh O, Erol i, Akgiin S: Tiirk fermente
sucuguna 6zgu starter kiltur bakterilerinin izolasyon, identifikasyon
ve Uretimleri. Ankara Univ Vet Fak Derg, 42, 285-293, 1995.

3. Erol i: Gida Hijyeni ve Mikrobiyolojisi. 5.126-144, Pozitif Matbaacilik,
Ankara, 2007.

4. den Bakker HC, Cummings CA, Ferreira V, Vatta P, Orsi RH,
Degoricija L, Barker M, Petrauskene O, Furtado MR, Wiedmann M:
Comparative genomics of the bacterial genus Listeria: Genome evolution
is characterized by limited gene acquisition and limited gene loss. BMC
Genomics, 11, 688-708, 2010.

5. Anonim: Turk Gida Kodeksi Mikrobiyolojik Kriterler Yonetmeligi. Resmi
Gazete, 29.12.2011-28157, 2011.

6. Kok F, Ozbey G, Muz A: Aydin ilinde satisa sunulan fermente sucuklarin
mikrobiyolojik kalitelerinin incelenmesi. Firat Univ Sag Bil Derg, 21 (6):
249-252,2007.

7. Oksiiztepe G, Giiran HS, incili GK, Giil SB: Elazigda tiiketime sunulan
fermente sucuklarin mikrobiyolojik ve kimyasal kalitesi. Firat Univ Sag Bil
Derg, 25 (3): 107-114, 2011.

8. Koluman A, Unlii T, Dikici A, Tezel A, Akgelik EN, Burkan ZT: Presence
of Staphylococcus aureus and staphylococcal enterotoxins in different
foods. Kafkas Univ Vet Fak Derg, 17 (Suppl-A): S55-560, 2011.

9. Giiven A, Giilmez M, Kamber U: Kars ilinde tiiketime sunulan kiymalarda
bazi patojen mikroorganizmalarin arastirlmasi ve kiymalarin mikrobiyolojik
kalitesinin belirlenmesi. Kafkas Univ Vet Fak Derg, 3 (1): 57-65, 1997.

10. FDA/BAM: Bacteriological Analytical Manual Chapter 10 (January
2003) Detection and Enumeration of Listeria monocytogenes in Foods,
2003.

11. FDA/BAM: Staphylococcus aureus. January Bacteriological Analytical
Manual, Chapter 12 Staphylococcus aureus. 2001.

12. Halkman AK: Gida Mikrobiyolojisi Uygulamalari. s. 193, 141, 262,
Basak Matbaacilik, Ankara, 2005.

13. Sancak YC, isleyici 6, SAGUN E: Vanda tiiketime sunulan bazi et
Urlnlerinde Listeria monocytogenes varlidi. YYU Vet Fak Derg, 18 (1): 93-99,
2007.



708

Geleneksel Yontemle Uretilen ...

14. Bozkurt ENN: Et ve et Urlnlerinden Listeria monocytogenes'in
izolasyonu. Doktora Tezi Yuiziinci Yil Univ. Saglk Bil. Enst., 2003.

15. Colak H, Hampikyan H, Ulusoy B, Bingo EB: Presence of Listeria
monocytogenes in Turkish style fermented sausage (sucuk). Food Control,
18,30-32,2007.

16. Sancak YC, Kayaardi S, Sagun E, isleyici O, Sancak H: Van'da

tiketime sunulan fermente tirk sucuklarinin fiziksel, kimyasal, mikro-
biyolojik ve organoleptik niteliklerinin incelenmesi, YYU Vet Fak Derg, 7,
67-73,1996.

17. Erdogrul G, Ergiin O: Kahramanmaras piyasasinda tiiketilen sucuklarin
bazi fiziksel, kimyasal, duyusal ve mikrobiyolojik dzellikleri. istanbul Univ
Vet Fak Derg, 31 (1): 55-65, 2005.



5

KARABAG, ALKAN
MENDES




6
Classification Tree Method for ...




Kafkas Univ Vet Fak Derg

JournAL Home-PacE: http://vetdergi.kafkas.edu.tr SHORT

19 (4):709-712, 2013 ONLINE Susmission: http://vetdergikafkas.org COMMUNICATION

DOI: 10.9775/kvfd.2013.8753

Comparison of Three Methods for Routine Detection of
Staphylococcus aureus Isolated from Bovine Mastitis

Nikolina RUSENOVA '~  Wondwossen GEBREYES 2 Mariana KOLEVA 3 Jurii MITEV 4
Toncho PENEV 4  Nasko VASILEV 3 Tchonka MITEVA 4

! Department of Veterinary Microbiology, Infectious and Parasitic Diseases, Faculty of Veterinary Medicine, Trakia
University, Stara Zagora - BULGARIA

2 Department of Preventive Medicine, College of Veterinary Medicine, Ohio State University, Columbus - USA

3 Department of Obstetrics, Reproduction and Reproductive Disorders, Faculty of Veterinary Medicine, Trakia
University, Stara Zagora - BULGARIA

4 Department of Applied Ecology and Animal Hygiene, Faculty of Agriculture, Trakia University, Stara Zagora - BULGARIA

Makale Kodu (Article Code): KVFD-2013-8753

Summary

The present study aimed to compare three identification methods that are routinely used for the detection of Staphylococcus aureus as
bovine mastitis agent. The evaluated methods were as followed: conventional biochemical method, commercial identification system BioLog
(Gen Il MicroPlate) and amplification of species-specific gene (nuc) by polymerase chain reaction (PCR). A total of 73 staphylococcal isolates
were collected from 453 individual milk samples from dairy cows with subclinical and clinical mastitis from different farms in Bulgaria. This
isolates were determined as 60 coagulase-positive, 3 catalase-negative and 10 coagulase-negative by conventional methods. BioLog system
identified 72 isolates as S. aureus subsp. aureus and one coagulase-positive isolate as S. schleiferi subsp. coagulans. PCR amplification of nuc
gene further confirmed S. aureus subsp. aureus isolates identified by the BioLog system. The primary identification of S. aureus on the basis of
coagulase level led to erroneous determination of 14 (19.2%) of the isolates. Based on the findings, BioLog system and PCR appear to be more
reliable detection systems for S. aureus from milk. In conclusion, the present study showed that a routine approach using a combination of
phenotypic and molecular detection systems could improve S. aureus detection in milk.

Keywords: Staphylococcus aureus, Bovine mastitis, Identification, BioLog, nuc gene, PCR

Bovin Mastitislerde Staphylococcus aureus’un Rutin
Tespitinde U¢ Metodun Karsilastiriimasi

Ozet

Bu calisma Bovin mastitis etkeni olarak Staphylococcus aureus’un belirlenmesinde rutin olarak kullanilan g tespit ydontemini karsilastirmayi
amaclamaktadir. Denenen yontemler sunlardir; konvensiyonel biyokimyasal metot, ticari tespit sistem BioLog (Gen Ill MicroPlate) ve polimeraz
zincir reaksiyonu (PZR) ile amplifiye edilmis tiir spesifik gen (nuc). Bulgaristan'daki farkli giftliklerde subklinik ve klinik mastitisli stitct ineklerden
alinan 453 adet 6rnekten toplam 73 staphilococal izolat elde edildi. Konvensiyonel metotlarla bu izolatlarin 60't koagulaz pozitif, 3'U katalaz
negatif ve 10'u koagulaz negatif olarak belirlendi. BioLog sistemi ile 72 izolat S. aureus subsp. aureus olarak tespit edilirken bir adet koagulaz
pozitif izolat S. schleiferi subsp. coagulans olarak belirlendi. PZR ile nuc geninin amplifikasyonu kullanilarak BioLog sistemi ile S. aureus subsp.
aureus olarak tespit edilen izolatlar teyit edildi. Koagulaz seviyesine dayanarak S. aureus’un primer identifikasyonu 14 (%19,2) hatal tespite
neden oldu. Bu bulgulara dayanarak BioLog sistem ve PZR, S. aureus’un siitten tespitinde daha giivenilir yontemler olarak belirlendi. Sonug
olarak, bu calisma ile rutin olarak fenotipik ve molekiiler tespit yontemlerinin beraber kullanilmasinin sitten S. aureus’un tespitinde basariyi
artiracagi ortaya konuldu.

Anahtar sozciikler: Staphylococcus aureus, Bovin mastitis, Tespit,, BioLog, nuc geni, PZR

INTRODUCTION

Bovine mastitis is among the leading issues that cause  world, resulting in reduced milk production, reduction
serious economic losses in dairy industry throughout the  of the quality of milk through contamination and due to
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treatment-associated hazards ™. Of all mastitis causative
agents, S. aureus is most commonly isolated @, while the
coagulase-negative staphylococci (CoNS) are also common
but not considered as significant mastitis pathogens &,
Therefore, the identification of the staphylococci by their
ability to produce coagulase is deemed the main criterion
for differentiation of those with pathogenic potential
from others. On the other hand, some coagulase-positive
staphylococci (CoPS) other than S. aureus such as S.
intermedius and S. hyicus could cause intramammary
infections in cows . In that respect, the differentiation of
the staphylococcal mastitis causative agents is important
not only for the therapeutic approach and the remedial
schemes, but also for the ability of some of them to
produce a wide range of virulent factors®.

Several conventional phenotypic and molecular
methods have been used as routine approaches for the
identification of staphylococci. The conventional culture
methods require isolation of the bacteria on suitable media
and subsequent identification with numerous biochemical
tests. Commercial identification systems recognizing S.
aureus are available such as BD Phoenix ®, BBL Crystal and
Api Staph system ! and Vitek2 ®. Over the last few years,
molecular techniques have become more popular and are
currently used as detecting systems of mastitis pathogens
in many diagnostic laboratories .

The present study aimed to compare three methods
for routine identification of S. aureus, isolated from dairy
cows, the first based upon the conventional identification
and coagulase activity; the second using an identification
system (BioLog) and the third - a molecular approach using
PCR amplifying the species-specific gene, nuc, as a reference
method.

MATERIAL and METHODS

Isolation and Primary Identification of S. aureus

A total of 453 individual milk samples were collected
from cows with subclinical and clinical mastitis from
different farms in Bulgaria. The indication for sampling
from the subclinical mastitis animals was the positive
result for increased somatic cell count after screening with
Mastitis test NK (Biovet, Czech Republic). The milk sampling
was done according to the guidelines of bacteriological
examination. The samples (10 pL) were inoculated on
trypticase soy agar (TSA, Fluka, India) supplemented with
5% defibrinated sheep blood (TSBA) and incubated at
37°C for 24-48 h under aerobic conditions. The primary
identification of staphylococcal isolates was made by Gram
staining, catalase and oxidase activity, colony morphology
and pigmentation, hemolysis, growth and mannitol
fermentation on Chapman agar (NCIPD, Bulgaria). Further,
the pathogenic potential of the isolates was tested by
tube coagulase test with rabbit plasma (NCIPD, Bulgaria).

A weak coagulase activity was recorded as positive
reaction.

Identification of the Isolates with BioLog System

The suspicious for S. aureus isolates were checked with
identification system BioLog Gen Il microplates following
precisely the manufacturer’s instructions (Biolog, Hayward,
USA). In brief, protocol A was used for identifying of S.
aureus. The isolates were cultured on TSBA and the inocula
were prepared in a special type of liquid medium, provided
by the company until achieving the desired cell density
determined by turbidimeter. The plates were filled with
100 mL of the readily prepared inocula and incubated at
33°C for 24 h under aerobic conditions. After incubation,
the plates were read by the computer system software
OmniLog.

Extraction of DNA and PCR Analysis

Bacterial colonies were suspended in 100 L bidistilled
water and boiled for 10 min to extract DNA. After
centrifugation at 12.000 g for 5 min at room temperature,
the supernatant that contains the nucleic acids was used
as DNA template for subsequent PCR analysis. DNA was
also isolated by universal commercially available kit -
prepGem (ZyGem, USA), according to the company’s
protocol. The concentration and purity of DNA extract was
determined by DNA/RNA spectrophotometer Gene Quant
1300 at A260 and A280. The DNA extracts were then stored
at - 20°C until the beginning of the experiments.

The PCR methodology used in the study was described
previously by Brakstad et al.'® with an expected amplicon
size of 270 bp. Positive and negative control strains were
included for each PCR experiment.

RESULTS

From collected 453 milk samples, 73 staphylococcal
strains were isolated. Gram-stained smears of the pure
cultures exhibited clusters of Gram-positive cocci. Catalase
testrevealed threeisolates with catalase-negative reaction.
The hemolytic activity of isolates was different, variations
were observed in the pigmentation of the colonies as
well. Ten of the beta-hemolytic isolates gave negative
results in coagulase tests in two independent trials. With
exception of one coagulase-positive isolate, all others
fermented mannitol of Chapman agar under aerobic
conditions (Table 1).

BioLog system determined catalase-negative and
coagulase-negative isolates as S. aureus subsp. aureus with
probability of 0.919 - 0.999. The typical coagulase-positive
isolates were confirmed as S. aureus subsp. aureus. The
coagulase-positive non-hemolytic isolate with white
colonies and non-fermenting mannitol was identified as S.
schleiferi subsp. coagulans with probability of 0.970. Three
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Table 1. Comparison of the methods for detection of S. aureus isolated from bovine mastitis

Tablo 1. Bovin mastitislerden S. aureus’un tespiti amaciyla kullanilan metotlarin karsilastiriimasi

Criteria for Primary Identification
IS:I;/:“ Ic:):iac:::: Haemolysis Pigment Coagulase | Mannitol sloteg b g’::‘ce
Double Beta No
3/4.1 /= + creamy-white Ak + S. aureus +
10/13.7 +/- s greyish = + S. aureus +
32/43.8 +/- A yellow A + S.aureus +
6/8.2 +/= + greyish + + S. aureus +
14/19.2 +/- A greyish A + S. aureus +
7/9.6 +/- + yellow + + S. aureus +
1/1.4 +/- = white A - S. schleiferi coagulans -
Key: + = positive reaction; — = negative reaction

independent trials were performed to confirm the species
affiliation of the isolate.

The PCR protocol based on the nuc gene further
confirmed S. aureus subsp. aureus isolates identified by
BioLog system (Table 7). The two DNA isolation techniques
were of similar quality as template for PCR.

DISCUSSION

The primary conventional identification of CoPS is very
important and suggests about S. aureus, however, prior to
testing with rabbit plasma some tests as Gram staining,
catalase and oxidase activity that are particularly valuable
for the discrimination of the agent from streptococci
and micrococci have to be done as routine tests '". An
interesting and unique finding in this study was the
three isolates with catalase-negative reaction which was
preserved throughout subsequent subcultivations. The
isolates showed double hemolysis, which gave us the clue
and motivated us further to continue with the identification
process. The review of the literature revealed reports for
catalase-negative S. aureus, but they referred to isolates
of human origin "2, Piau et al.®! determined a catalase-
negative S. aureus strain with point mutations in the katA
gene as a possible mechanism for the loss of catalase
activity. To the best of our knowledge, this is the first
report of catalase-negative S. aureus from bovine origin in
particular from cases of subclinical mastitis, determined by
the primary routine identification.

According to Bannerman ¥ the detection of free
coagulase in the plasma tube coagulase test is the gold
standard for S. aureus identification. In this regard, another
interesting finding in this study was the isolation of 10
coagulase-negative strains from subclinical mastitis with
a wide range of beta hemolysis. Worldwide reports of
coagulase-negative variants of S. aureus in bovine mastitis
are still rare"®. Akineden et al.¥ determined two S. aureus

coagulase-negative strains, that would be interpreted as
CoNS naturally. The very weak beta hemolysin activity of
the isolates motivated the authors to further identify the
strains on a molecular level, that confirmed the species
affiliation of the isolates as S. aureus.

An important criterion for the presumptive primary
identification of S.aureus is also the hemolytic activity of
isolates in the initial cultures. In our study 41 (56.2%) of
isolates showed double hemolysis (alpha + beta hemolysins),
31 (42.5%) beta and 1 (1.4%) was non-hemolytic. The
isolates with double hemolysis coagulated rabbit plasma in
the test tube by the 4™ h, a quick (less than 4 h) coagulation
was also observed in some beta hemolytic isolates (8/31)
as well as in the non-hemolytic and the others required
overnight incubation. In our study we did not find S. aureus
isolates without hemolytic activity.

The staphylococcal isolates were subjected to further
analysis and identification by the BioLog system. The atypical
catalase-negative (n=3) and coagulase-negative (n=10)
isolates were determined as S. aureus subsp. aureus with a very
high probability (91.9-99.9%). Vitek 2 (bioMérieux, France)
Gram-positive identification card identified the catalase-
negative isolate as S. aureus with probability of 93 % ¥,
To et al."” compared two identification systems for the
identification of a catalase-negative S. aureus strain from
a patient with endocarditis and pericarditis of the mitral
valve. While Becton Dickinson Phoenix PID panel identified
the strain as S. aureus, Vitek system Gram-positive
identification test could not identify the bacterium. Our
coagulase-positive isolate without hemolytic activity
and mannitol fermenting ability was identified as S.
schleiferi subsp. coagulans. S. schleiferi subsp. coagulans
is considered pathogenic mainly in dogs as causative
agent of otitis externa "', In our case the bacterium was
isolated from clinical mastitis in pure culture. Working
with BioLog Gen Ill does not require any preliminary tests,
even Gram staining, which is important in selection of
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other identification systems. BioLog system recognizes
the biochemical profile of approximately 2500 bacterial
species, including many important veterinary pathogens
and those responsible for mastitis. In that respect, we do
not agree with Ahmadi et al.® who affirmed that most
commercial identification systems were not designed to
determine the important veterinary pathogens.

S. aureus isolates identified with BioLog were confirmed
by PCR amplification of the fragment of agent’s species-
specific nuc gene. The results of our research showed an
excellent correlation between the BioLog system and PCR
detection of S. aureus in bacterial colonies from bovine
mastitis. A protocol for the identification of S. aureus
in milk by PCR was proposed by Ahmadi et al.”. Real-
time PCR-based commercial reagent kit is now available
for investigation of bovine mastitis pathogens without
conventional culturing 8. Although the identification
system BioLog and the PCR protocol for detection of S.
aureus require a culture step, they proved to be very reliable
methods, especially in the developing countries, where
advanced molecular techniques are not yet applicable.

The comparison of the methods for routine detection
of S. aureus showed that the conventional identification
on coagulase activity level alone would result in false
determination of 14/73 (19.2%) S. aureus isolates - 3
catalase-negative and 10 coagulase-negative, and also
of one coagulase-positive identified as S. schleiferi subsp.
coagulans. Special attention is required when working
with atypical S. aureus strains in udder health laboratories,
where the identification systems and PCR based methods
are not currently used as diagnostic approaches. In
conclusion, this study has shown that a routine approach
using a combination of phenotypic and molecular
detection systems could improve S. aureus detection in milk.
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Ozet

Bu raporda 1.5 yasinda, erkek bir dag ceylaninda saptanan generalize reaktif amiloidozis tanimlandi. Makroskobik incelemede karin
boslugundaki serozalarda hiperemi ve rumende ise kenarlari kanamali 7 cm ¢apinda Ulser belirlendi. Her iki bébregin ylzeyinde 1-2 mm
blyukliglinde boz-beyaz renkte odaklar gézlendi. Mikroskobik incelemelerde bobreklerde glomerulus, tubulus ve akitici kanal bazal
membranlari ve damar duvarlarinda, dalakta folikiillerde, karacigerde Disse araliginda ve ince barsaklarda lamina propriyada pembe renkte,
homojen ve amorf yapida birikimler gézlendi. Bu birikimlerin Kongo kirmizisi ile tugla kirmizisi renkte boyandiklari, potasyum permanganat ile
muamele edildikten sonra Kongo kirmizisi ile boyanmadiklari gériilerek AA-amiloidoz (sekonder amiloidozis) oldugu kanisina varildi. %10’luk
formaldehitte bulunan stok doku parcalarinin Lugol ve siilfirik asitle muamele edilmeleri sonucunda amiloid birikimlerinin koyu mavi renkte
olduklari gézlendi. Rumende Ulserasyonla birlikte generalize amiloidoz saptanan bu olguda, amiloid birikimlerinin makroskobik olarak sadece
taze dokularda degil formaldehit soltisyonunda tespit edildikten sonra da gosterilebilecegine dikkat ¢ekilmistir.

Anahtar sozciikler: Generalize amiloidozis, Ceylan, Patoloji

Generalized Reactive Amyloidosis in a Gazelle (Gazella gazelia)

Summary

This report was described generalized amyloidosis in a male gazelle, 1.5 years old. In necropsy, hyperaemia on all the serosal surfaces in
abdomen, a hemorrhagic ulcer, 7 cm in diameter, on mucosa of rumen, and whitish colored foci, 1-2 mm diameter, on the surfaces of both
kidneys were present. Microscopically, there were homogenous pink depositions in the glomeruli, intertubular interstitium, tubular basement
membranes and walls of blood vessel in kidney, lymphoid follicles in spleen, space of Disse in liver and lamina propria of the small intestine.
These deposits were seen brick-red color stained with Congo red on tissue sections, but these were not stained with Congo red after treated
with potassium permanganate. For this reason, AA (secondary) amyloidosis was evaluated. When stock tissue samples stored in 10% formalin
were treated with Lugol and acid sulphuric, amyloid depositions were seen as dark blue. Generalized reactive amyloidosis with ulceration in
the rumen was diagnosed. Amyloid deposits in the tissues are not only fresh tissue but also tissue stored formalin can be determined as a
macroscopic.

Keywords: Generalized amyloidosis, Gazelle, Pathology
GiRiS

Amiloid hiicre disinda toplanan, ¢6zlinmeyen ve proteo-  kinali kekliklerde %', deniz aslani %, yunus ' ve balina-
litik enzimlerle eritilemeyen anormal fibriler bir proteindir.  larda " bildirilmistir.
Amiloid protein yapisina goére AL (Amyloid Light Chain)
protein ve AA (Amyloid Associated) protein olarak ikiye
ayrilir M. Dagilimina gore sistemik ve lokal, patogenezine
gore primer ve sekonder olarak siniflandirilmaktadir ©.

Bu makalede, hayvanat bahgesinde 6len bir dag
ceylaninda, organlardaki amiloid birikiminin patolojik
yontemlerle tanimlanmasi ve amiloidozun tiplendirilmesi
amaclandi.

Amiloidoz yabani hayvanlardan Sibirya kaplanlarinda,
vizonlarda (mink), siyah bacakli kediler ve siyah bacakl OLGUNUN TANIMI
gelinciklerde 1, citalarda ), Dorcas ceylaninda ™, Arap ceyla-
ninda ¥, dag ceylaninda ), Rocky dagi blylk boynuzlu Olgunun materyalini, Karatay Belediyesi Hayvanat
koyunlarinda ), tavsanlarda ®, aslanlarda ¥, kugularda ve  Bahcesinde &len ve nekropsi istegiyle Selcuk Universitesi
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Veteriner Fakdltesi Patoloji Anabilim Dali'na getirilen 1.5
yash erkek bir ceylan olusturdu.

Ceylanin nekropsisinde; karin boslugundaki tim seroza-
larda hiperemi, rumende 7 cm ¢apinda ve kenarlar kanamali
Ulser ile bobreklerde kapsula altinda toplu igne bagi buyuk-
liglinde boz-beyaz renkte odaklar gézlendi.

Nekropside alinan parcalar %10’luk formolde tespit
edildikten sonra bilinen yontemlerle takibi yapilarak parafin
bloklar elde edildi. Bu bloklardan 5 mikron kalinliginda
kesitler alinarak Hematoksilen-Eozin (HE) ve Kongo Kirmizi
(KK) ile boyandi ™1, Amiloidin tipini belirlemek amaciyla
kesitler nce potasyum permanganat ile muamele edildik-
ten sonra KKile boyanarak "*1sik mikroskobunda incelendi.

Mikroskobik incelemelerde rumende, ¢evresinde genis
nekrozlar iceren, llserasyonlu yangisal granulasyon dokusu
tespit edildi (Sekil 4 C-D). Bobreklerde glomerular kapillar
damar duvarinda belirgin, medullada ise tubulus ve akitici
kanal bazal membranlar ve interstisyumda damar duvar-
larinda pembe renkte, homojen ve amorf yapida birikimler
gozlendi (Sekil 2 A-C). Benzer birikimlere dalakta sentral arter
duvari ve folikillerin tamaminda (Sekil 3 A-B), karacigerde
Disse araliginda fokal olarak (Sekil 3 D-E), akcigerlerde damar

Sekil 2. Bobrekte amiloid birikimleri. A,D-
Glomerulus (ok), B- Tubulus limenlerinde
hiyalin silindiri (okbasi) ve epitellerde
hiyalin damlaciklari (ok), C,E,F- intertubuler
interstisyumda amiloid birikimleri (oklar).
Hematoksilen-Eozin (HE), Kongo Kirmizisi (KK)

Fig 2. Amiloid deposits in kidney. A,D-
glomeruli (arrow), B- Hyaline cylinder in
tubule lumens (arrowhead) and hyaline
droplets in tubule epithelium (arrow), C,E,F-
Amyloid deposits in intertubular interstitium.
Hematoxylin-eosin (HE), Congo Red (KK)

duvarlarinda (Sekil 4 A), ince barsaklarda ise lamina propri-
yada rastlandi (Sekil 4 B). Bu organlarin KK ile boyanan
kesitlerinde amiloid birikimlerinin tugla kirmizisi renginde
boyandiklari dikkati cekti (Sekil 2 D-F, Sekil 3 B,E). Diger organ
kesitlerinde ise KK ile boyamalarda herhangi bir boyanma
tespit edilmedi. Alinan kesitlerin potasyum permanganat
ile muamele edildikten sonra KK ile boyanmadiklari (Sekil 3
C,F) ve bu birikimlerinin reaktif (sekonder) amiloidoziste
tanimlanan AA-protein yapisinda oldugu kanisina varildi.

Histopatolojik incelemeler sonucunda amiloid belirle-
nen dokularin %10’'luk formolde saklanan parcalarina
Lugol ve sdlfirik asit damlatildiginda amiloidli kisimlarin
koyu mavi renk aldiklari dikkati ¢ekti (Sekil 1 A-C).

TARTISMA ve SONUC

Yaban hayvanlarinda genellikle sekonder amiloidoza
iliskin vaka raporlari bildirilmektedir 2. Dorcas ceylanlarin-
da amiloidozun genellikle kronik enfeksiyonlar sonucunda
gelistigi ¥, ancak genetik predispozisyonun da 6nemli olabi-
lecegi bildirilmistir 2. Bir dag ceylani © ve bir Arap ceyla-
nindaki ®! amiloidozun sebebinin ise idiyopatik oldugu 6ne
strtilmustir. Ceribasi ve ark."” bir iran ceylaninda fibrino-

Sekil 1. Amiloid birikimleri, Lugol- siilfirik
asit boyama. A- Bobrek (ok), B- Dalak (oklar),
C- Karaciger (oklar)

Fig 1. Amyloid deposits, Lugol-sulfuric acid

staining. A- Kidney (arrow), B- Spleen (arrows),
C- Liver (arrows)

BOBREK

7%

b
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Sekil 4. A- Akcigerde interstisyumda amiloid
birikimi (ok), HE, B- Bagirsaklarda lamina
propriyada amiloid birikimi (ok), KK, C,D-
Rumende epitelde nekroz, HE

Fig 4. A- Amyloid deposition in the lung
interstitium (arrow), HE, B- Amyloid deposits
in the lamina propria in intestine (arrow),
Congo Red, C,D- Epithelial necrosis in rumen,
HE

hemoajik pankreatitisle komplike generalize amiloidoz
olgusunu tanimlamiglardir. Sunulan calismada, rumende
genis Ulserle karakterize kronik yanginin organlardaki amiloid
birikiminin nedeni olabilecegi distintlmastar.

Amiloidoz slipheli dokularin nekropsi sonrasi Lugol ve
stlfirik asit ile muamele edildiginde amiloid birikimlerinin
mavi renkte gortldigi bildirilmektedir ™. Sunulan bu
olguda amiloid birikimiyle ilgili organlarda makroskobik
bir bulgu gézlenmemesi nedeniyle nekropsiden sonra bu
uygulamaya gerek duyulmamistir. Histopatolojik olarak
amiloid birikimlerinin saptanmasi (izerine formaldehit solis-
yonu icerisinde stok olarak bekletilen karaciger, dalak ve
bobrek dokularinin kesit yuzlerine Lugol ve siilfirik asit
damlatilmasi sonucu benzer sekilde mavi renkte amiloid
birikimleri gozlenmistir. Amiloidozlu dokularin uzun sire
formolde birakilmasi sonucu amiloidin boyanma 6zelliginin
azalabilecegi, ancak kisa sireli tespitlerde iodinle yeniden

Sekil 3. Dalakta (A,B) ve karacigerde (D,E)
- amiloid birikimleri. Sekonder amiloidozda
- dalak (C) ve karacigerdeki (F) birikimlerin
boya almamasi. Potasyum Permanganat
metodu [potasyum permanganat (PP) +
: Kongo Kirmizisi (KK)]

Fig 3. Amyloid deposits in spleen (A,B)
and liver (D,E) Deposits in spleen (C) and
liver (F) were not stained with potassium
permanganate methode (PP + KK) on
secondary amyloidosis

li / L e

boyanmanin mimkiln olabilecegi bildirilmistir '8, Bu
sonucla, formaldehit tespitinin amiloid birikiminin Lugol
ve slfirik asit muamelesiyle makroskopik teshisini etkile-
medigi, nekropsi sonrasi sadece taze dokularda degil
formaldehitte tespit edilen dokularda da makroskobik
olarak amiloidozun teshis edilebilecegini gostermektedir.

Amiloidoza bagli 6limlerin genellikle bobrek yetmez-
ligi sonucu oldugu 6ne siiriilmekte olup; Papendick ve
ark.B'amiloidozlu ¢italarin %74'iinde, Colegrove ve ark.'?
ise Kaliforniya denizaslanlarinin ¢cogunda amiloidoza
bagli renal yetmezlik olustugunu bildirilmisledir. Bu calis-
mada, her iki bobrekte korteks ve medulladaki amiloid
birikimlerinin renal yetmezlige neden olabilecegini du-
sindirmektedir.

Bu calismada bir dag ceylaninda generalize reaktif
amiloidoz (AA-amiloidoz) olgusu makroskobik ve mikroko-
bik bulgularla tanimlanmis, amiloid birikimlerinin rumende
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Ulserli kronik yangiyla iliskili olabilecegi degerlendirilmis
ve amiloid birikimlerinin makroskobik olarak formol tespi-
tinden sonra da gosterilebilecegine dikkat ¢ekilmistir.
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Ozet

Bu makalede, Giemsa boyama ve Polimeraz Zincir Reaksiyonu (PZR) yontemleri ile parazitolojik olarak Babesia canis canis tanisi
konulan 3 kopekte klinik, biyokimyasal ve hematolojik bulgularinin sunulmasi amacglanmistir. Olgu | ve IlI'de siddetli ikterus, anemi,
hemoglobinemi, hemoglobiniri, trombositopeni, tasipne, tasikardi ve miyozitis ile karacigerde hasar gelistigi tespit edildi. Olgu I'de
bu bulgulara ek olarak kolesistitis, Olgu IlI'de ise renal hasarin olustugu saptandi. Olgu lll'te hafif anemi ve ikterus tablosuyla birlikte
karacigerde hasar ve miyozitis sekillendigi belirlendi. Tedavi sonucunda Olgu Il ve lll'de iyilesme saglanirken Olgu | 6ldu. Sonug olarak,
kopeklerde B. canis canis klinik ve parazitolojik olarak Tirkiye'de ilk kez bildirilmektedir.

Anahtar sozciikler: Babesia canis canis, Babesiosis, Polimeraz Zincir Reaksiyonu, PZR, Kbpek, Kars, Tiirkiye

Clinical and Parasitological Detection of Babesia canis canis
in Dogs: First Report from Turkey

Summary

This study was aimed to describe clinical, biochemical and haemathological findings in three dogs with Babesia canis canis
diagnosed by Giemsa staining and Polymerase Chain Reaction (PCR) methods. In Case | and Il severe icterus, anemia, haemoglobinemia,
haemoglobinuria, thrombocytopenia, tachypnea, tachycardia, liver damage and myositis were determined. In addition in Case |
cholecystitis and in Case Il renal damage were developed. In Case Ill mild anemia and icterus along with liver damage and myositis
were developed and clinical signs were mild. Following treatment Case Il and Il completely recovered while Case | died. In conclusion,
B. canis canis has been determined clinically and parasitologically for first time in Turkey.

Keywords: Babesia canis canis, Babesiosis, Polymerase Chain Reaction, PCR, Dog, Kars, Turkey

GiRiS

Kanin babesiosis kenelerin naklettigi protozoal parazit
olan Babesia turleri tarafindan olusturulan bir enfeksi-
yondur. Kopek Babesia tirleri piroprasmik formlarinin
morfolojilerine gore, bliylk (5 x 2.5 um) ve kiiclik (2 x 1.5
pum) olarak iki grupta siniflandirilmaktadir. Blyuk tiirler
B. canis canis, B. canis vogeli, B. canis rossi ve Babesia sp.
(Coco), kiciik tiirler ise B. gibsoni, B. conradae ve B. microti-
like (Theileria annae)'dan olusmaktadir '3l Son yillarda B. c.
canis, B. c. rossi ve B. c. vogeli'nin, her ne kadar morfolojik
olarak ¢ok benzeseler de, klinik belirtilerinin degiskenlik
goOstermesi, ayri yayilis alanlarina ve farkli vektorlere

sahip olmalari nedeniyle, tek baslarina birer tiir (B. canis,
B. vogeli, B. rossi) olarak kabul edilmeleri egilimi agirlik
kazanmistir 2#¢. Perakut, akut, kronik ve subklinik seyir
gosteren kanin babesiosis'de klinik belirtiler tir, vektor,
irk, yas ve immun duruma gore degisebilmektedir U361,
B. c. canis orta derecede patojenik zellik gosterirken, B.
canis vogeli daha hafif hastalik tablosuna neden olur. B.
c. canis ve B. gibsoni ilerleyici hemolitik anemi yaparken,
B. canis rossi dissemine intravaskiler koagulopati (DIC)
ile birlikte sok, sistemik yangi ve organ bozukluguna yol
acmaktadir 281, Bilgilerimize gore Turkiye'de B. ¢. canis'in

& lletisim (Correspondence)
+90 464 2426807/5237
><  erhangokce36@hotmail.com



718

Kopeklerde Babesia canis canisin ...

neden oldugu babesiosis vakasi bildirilmemistir 312131, Bu
raporda, B. ¢. canis'in neden oldugu bebesiosis’in teshis,
klinik, biyokimyasal ve hematolojik bulgularinin sunulmasi
amaglanmistir.

OLGULARIN TANIMI

Olgu materyalini Kafkas Universitesi Veteriner Fakiiltesi
ic Hastaliklari Anabilim Dali kliniklerine istahsizlik, dur-
gunluk ve sarilik sikayetleriyle getirilen farkl yas, cinsiyet
ve irkta 3 kopek olusturdu. Kopeklerden tedavi 6ncesi ve
tedaviden 15 glin sonra kan alinarak hemogram degerleri
ve biyokimyasal parametrelere bakildi. Hemogram deger-
leri MS4e marka hemogram cihazinda, serumda biyokim-
yasal parametreler ise otoanalizorde (Kodak Vitros DT60II)
olciildii. idrar analizinde Cybow 10 M idrar stripi kullanildi.

OoLGUI

iki yasinda, disi sokak képeginin incelendigi birinci
olguda hastada 4 gilin 6nce baslayan ve giderek siddetini
arttiran bir istahsizlik oldugu 6grenildi. Hastada ayrica
ayakta durmakta zorlanma, cevreye karsi ilgisinin olmamasi
ile birlikte idrarinin kirmizi renkte oldugu tespit edildi.
Hayvanin lzerinde ¢ok sayida kene ile birlikte, klinik olarak
apati, siddetli ikterus, yiiksek ates (41.3°C), hemoglobinuri,
solunum ve nabiz sayisinin artis belirlendi. Hemogramda
ise eritrosit (RBC), hemoglobin (Hb), hematokrit (HCT) de-
gerlerinde ve trombosit sayisinda siddetli diislis saptandi.
Biyokimyasal analizlerde alkalen fosfataz (ALP), gamma
gamma glutamiltransferaz (GGT), alanin aminotransferaz
(ALT), aspartat aminotransferaz (AST), kreatin kinaz (CK),

laktat dehidrogenaz (LDH), total bilirubin ve direkt bilirubin
degerlerinin yiikseldigi tespit edildi (Tablo 1). idrar mua-
yenesinde bilirubintriye rastlandi. Bu bulgulara gore
olguda siddetli anemi, trombositopeni ve myozitis sekil-
lendiginin belirlenmesinin yaninda hastada kolangio-
hepatitis gelistigi belirlendi.

oLGull

ikinci Olguyu 4 gindiir halsizlik, istahsizlik, durgunluk
sikayetleri olan 3 yasinda erkek husky olusturdu. Has-
tada ayrica depresyon, sallantili ylrlyus, cevreye karsi
ilgisizlik, ikterus, solunum ve nabiz sayisinda artis, ylksek
ates (40.5°C), hemoglobinuri belirlendi. Hayvanin deri-
sinde farklh bolgelerde 8 adet keneye rastlandi. Hastanin
RBC, Hb, HCT ve trombosit degerlerinde belirgin disus
oldugu saptandi. Serum biyokimyasinda ALP, CK, (re,
kreatinin, total bilirubin ve direkt bilirubin degerlerinin
yuksek oldugu belirlendi (Tablo 1). Elde edilen verilere gore
hayvanda siddetli anemi, trombositopeni ve miyozitis
sekillendigi belirlendi. idrar analizinde ise bilirubinuri ve
proteinri tespit edildi. Ayrica mevcut verilere gore hastada
renal ve hepatik hasarin gelismis olabilecegi distndldi.

oLGu Il

istahsizlik, durgunluk sikayetleriyle getirilen 5 yasinda
erkek kangal irki kdpegin incelendigi lll. Olguda inguinal
bolgede 3 adet keneye rastlanirken, hastanin cevreye
karsi ilgisinin azaldigi, mukozalarinda hafif ikterusla birlik-
te solgunluk ve yiiksek atesi (40.6°C) oldugu belirlendi.
Hematolojik muayenede RBC, Hb, HCT degerlerinde hafif

Tablo 1. Olgularda tedavi 6ncesi ve sonrasi bazi hematolojik ve biyokimyasal parametrelerindeki degisiklikler

Table 1. Changes in some haematological and biochemical parameters in cases before and after treatment

Parametreler ngt:—:::zﬂ OI.?;; I OI.?g 1} Olgz [} 0I$g n Olgg nm
WBC (x10°/uL) 5.5-16.9 6.01 533 10.53 13.15 9.05
RBC (x10°/pL) 5.5-8.5 1.79 337 7.73 4.18 6.13
Hematolojik HGB (g/dL) 12-18 4.4 8.7 11.9 10.9 159
HCT (%) 37-55 12.3 23.1 36.4 31.6 46.9
PLT (x10°/pL) 175-500 1 6 248 341 259
ALP (U/L) 20-150 840 424 142 214 82
GGT (U/L) 1-10 20 5 3 3 3
ALT (U/L) 10-88 250 56 53 47 38
AST (U/L) 10-88 188 61 52 63 42
CK (U/L) 20-200 236 277 152 684 87
Biyokimyasal I:DH (U/L) 50-495 977 750 103 3779 128
Ure (mg/dL) 25-55 525 107.1 50.2 41.9 42.2
Kreatinin (mg/dL) 0.5-1.5 1.2 2.8 0.9 0.86 0.9
Total Protein (g/dL) 5.4-7.7 5.6 43 7.4 52 5.4
Albumin (g/dL) 2.3-3.8 2.2 1.8 35 2.7 238
Total Bilirubin (mg/dL) 0.1-0.6 16.1 124 0.12 0.19 0.1
Direkt Bilirubin (mg/dL) 0-0.3 >7 6.5 0.1 0.05 0.04
TO: Tedavi éncesi, TS: Tedavi sonrasi *Olgu | eks oldugu icin TS degerler bulunmamaktadir
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diists saptandi. Biyokimyasal analizlerde ise ALP, CK ve LDH
degerlerininyuksekoldugu belirlendi(Tablo 1).Hematolojik
ve biyokimyasal analizler sonucunda kopekte hepatik
hasar gelismis olabilecegi dustintildi. Bunun disinda miyo-
zitis ve hafif anemi sekillendigi anlasildi.

Her U¢ hayvanin Ustiinden toplanan kenelerin
Dermacentor reticulatus oldugu anlasiimis, yapilan siirme
perifer kan frotilerinin Giemsa boyama sonuclarinda,
mikroskopta eritrositler icinde biyik yapida, cift veya
coklu piroplazmik formdaki Babesia etkenleri gorilmustir
(Sekil 1).

Klinik belirtiler ve parazitolojik laboratuar muayenesi
(Giemsa boyama) sonucunda babesiosis teshisi konulan
olgular tedaviye alindi. Tedavide her lic képege 6 mg/kg IM
yolla tek doz imidokarb (imicarp®, TeknoVet) uyguland.
Destekleyici tedavi amaciyla B kompleks ve C vitaminleri
ve intravenoz yolla laktatli ringer + dekstroz verildi. Olgu
1 tedavi baslandiktan bir glin sonra 6ldi. Hasta sahibinin
istememesi nedeniyle nekropsi yapilamadi. iki ve G¢lincii
olgularda ise tedavi baslandiktan 15 giin sonra hastalarin
iyilestigi, hematolojik ve biyokimyasal degerlerin normale
dondiugu belirlendi (Tablo 1).

Sekil 1. Giemsa ile boyanmis stirme kan preparatinda gorilen tipik blyuk
Babesia etkenleri

Fig 1. Typical large Babesia agents detected in blood smear with Giemsa
stain

incelenen olgularda etkenlerin tiir diizeyinde dogru-
lamasi, B. canis canis'e 6zgu primerler kullanilarak PZR
testi ile yapildi. Hayvanlardan EDTA'l tiiplere alinan kan
orneklerinden ticari kit (High Pure Nucleic Acid Isolation
Kit, Roche) kullanilarak Greticinin bildirdigi sekilde DNA
ekstraksiyonu yapildi. Polimeraz Zincir Reaksiyonu testin-
de Duarte ve ark!nin " belirledigi ve 18S rRNA gen bdlge-
sinden B. c¢. canis'e 6zgiin 746 bp'lik bolgeyi ¢ogaltan
Bab1 5-GTG AAC CTT ATC ACT TAA AGG-3' ve Bab3 (5'-
CTA CAC AGA GCA CAC AGC C-3) primerleri kullanildi.
Reaksiyon miktari 25 pl olarak belirlendi ve her reaksiyon
icin 18.25 pl steril su, 2.5 pl 10x PCR buffer (Invitrogen), 1
pl 50 mM MgCl,, 0.5 pl dNTP miks (Invitrogen), 20 pmol/
pl konsantrasyondaki her primerden 0.5 ul, 0.25 pl Taqg
DNA polymerase 5U/ul (Invintrogen) ve 1.5 ul DNA 6rnegi
kullanildi. Reaksiyon Biometra TGradient PCR cihazinda
toplam 35 dongi (94°C'de 30 sn, 56°C'de 30 sn, 72°C'de
45 sn) lzerinden yapildi. ilk déngliden 6nce 94°C'de 2
dk denaturasyon ve en son dongtiden sonra da 72°C'de
10 dk ekstensiyon basamaklari uygulandi. Reaksiyon
sonuclart %1.5 Agaroz jelde yuritulerek UV ile goriin-
tllendi. Tiire 6zgli PZR sonucunda, her 3 olguda da 6zglin
746 bp'lik bantlar olusurken, kontrol olarak kullanilan
B. c. rossi ve B. c. vogeli DNA'larindan benzer bant elde
edilmemistir (Sekil 2).

TARTISMA ve SONUC

Kopeklerde B. c. canis'in neden oldugu babesiosis 6zel-
llikle Orta Avrupa ve Rusya'da yaygin olarak goérilmekte
olup, son yillarda kuzeye dogru bir yayilis gostererek
Norve¢ ve Hollanda gibi llkelerde de rapor edilmeye
baslanmistir 276171 Etken D. reticulatus tarafindan nak-
ledilmekte olup, hastalik bu kenenin yayilis alanlari ile
iliskilidir 12, Ulkemizde, glinimiize kadar, genellikle
Rhipicephalus sanguineus tarafindan nakledilen B. c.
vogeli ve B. gibsoni varligi bildirilmistir 31213, Ote yandan,
calismamizda babesiosisli kdpeklerde B. c. canis'in tespiti
Turkiye icin ilk rapor olup, gerek etkenin gerekse de D.
reticulatus'un Glkemizde belli bélgelerde kalici popiilasyon
olusturduguna isaret eder niteliktedir.

Etkene ve komplikasyonlara gore degismekle birlikte
babesioisli kopeklerde genellikle anoreksi, depresyon, akut

Sekil 2. PZR sonuglar; M: 100bp DNA marker, 1- Olgu-l, 2-
Olgu-ll, 3- Olgu-lll, 4- B. canis canis kontrol DNA, 5- B. canis rossi
kontrol DNA, 6- B. canis vogeli kontrol DNA, 7- Negatif kontrol
(su)

Fig 2. PCR results; M: 100bp DNA marker, 1- Case-l, 2- Case-ll,
3- Case-lll, 4- B. canis canis control DNA, 5- B. canis rossi control
DNA, 6- B. canis vogeli control DNA, 7- Negative control (water)
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hemoliz, hemoglobinri, ikterus, tasipne, tasikardi, spleno-
megali degisen derecelerde hemolitik anemi ve trombo-
sitopeni gorilmektedir '3, Bu raporda klinik tablonun
agir seyrettigi olgularda (Olgu | ve Il) anoreksi, apati, yuk-
sek ates, ikterus, hemoglobinuri, siddetli anemi, trombo-
sitopeni, solunum ve nabiz sayisinda artis gorildi. Daha
hafif klinik tabloya sahip olan kdpekte ise (Olgu Ill) istah-
sizlik, mukozalarda hafif ikterusla birlikte solgunluk ve
atesin ylksek oldugu belirlendi.

Kanin babesiosis'te en sik karsilasilan hematolojik bul-
gulari HCT degerin dismesi, eritrositopeni ve hemo-
globinemidir 2919, Sunulan raporda da Il. Olguda hema-
tokrit degerde belirgin dusus, siddetli eritrositopeni ve
hemoglobinemi belirlenirken I. Olguda bu degerlerdeki
diististin daha hafif oldugu gorildi. Kanin babesiosis'de en
sik karsilasilan bozukluklardan biri olan trombositopeni-
nin ® Olgu | ve II'de siddetli oldugu belirlenirken Olgu
ll'te trombosit degerinin normal sinirlarda oldugu sap-
tandi. Son yillarda, B. c. canis'in kendi icinde farkl viru-
lansa sahip iki genetik grup icerdigi ve bunlarin farkli
hematolojik bulgulara, 6zellikle de farkli siddette trombo-
sitopeniye neden oldugu bildirilmistir '8, Bizim olgula-
rimizdaki farklihgin kesin olarak bundan kaynaklanip
kaynaklanmadiginin ortaya konmasi icin daha ayrintili
calismaya ihtiyag vardir. Yapilan bazi ¢calismalarda B. c. canis
enfeksiyonlarinda 16kopeni sekillendigi "' bildirilmis olsa
da, bu calismada her li¢ olguda da I6kosit sayisinin referans
degerler arasinda oldugu gorildu.

Babesiosis'te bobrek yetmezligi, hepatopati ve miyo-
zitis gibi ¢coklu organ bozuklari gelisebilmektedir P19,
Olgu I'de ALT ve AST enzim degerlerinin yiiksek olmasi, olgu
Il ve ll'te ALP enzim degerinin yliksek bulunmasi ti¢ olguda
da karacigerde olasi bir hasar gelistigine isaret etmek-
tedir. Olgu | de ALP ve GGT enzimlerinin ylksek bu-
lunmasi kopekte kolestazis'in hepatik hasara eslik ettigi
seklinde yorumlanabilir. B. c. canis enfeksiyonlarinda kole-
stazis sekillenmesi hakkinda bir bilgiye rastlanmamistir.
Bu nedenle bu bulgunun 6nemli oldugu kanisindayiz. Her
U¢ olguda da CK ve LDH enzimlerinin yiksek bulunmasi
miyozitis olustugunu gostermistir. Yine literattrlerle uyumlu
olarak B9 Olgu Il'de Ure ve kreatinin degerlerinin yiksek
olmasi ve idrarda proteine rastlanmasi renal hasar gelismis
olabilecegi gosteren veriler olarak degerlendirilebilir.

Sunulan raporda B. c. canis enfeksiyonunun énemli
biyokimyasal degisikliklerinden olan hiperbilirubinemi ve
hemoglobintrinin 72%, Olgu | ve Il'de siddetli gelistigi
tespit edildi. Bu olgularda hemoglobinuri ve bilirubindri
gelismesinin nedeni eritrositlerdeki asiri hemolize bagli
olarak dolasimda fazla miktarda Hb ve biltiriibin bulunmasi,
bu maddelerin renal esigi asmasindan kaynaklanabilir.

Bu calisma ile B. c. canis Tirkiye'den ilk kez rapor
edilmistir. Olgularin yerli hayvanlar olmasi ve bdélgede
de D. reticulatus populasyonunun varhgi (yayinlanmamis
bulgular), etkenin Kars gibi alpin iklime sahip yerlerde

yerlesik hal aldigina isaret etmektedir. Bu ¢calismada ayrica,
hastalarin klinik ve biyokimyasal bulgulari da izlenerek,
hastalik konusunda ayrintili veriler elde edilmistir.
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Summary

Alysiella filiformis is considered a common resident in the oral cavities of many animals. All reports of Alysiella indicate that it is
restricted to the oral cavity of warm-blooded vertebrates, where it apparently is nonpathogenic. However, increased losses of young
pigs occured in one farm in Serbia. Spumous content in bronchia and partly clotted blood in blood vesels o f the lungs were present.
Characteristic signs of oedema disease were present and E. coli serogroup 0139 was isolated. Furthermore, Alysiella filiformis was the
single agent isolated from the lungs of diseased pigs. This is the first isolation of Alysiella filiformis from pig lungs.

Keywords: Alysiella filiformis, Pig, Lungs

Olgu Sunumu: Domuz Akcigerlerinden Alysiella filiformis
izolasyonu

Ozet

Alysiella filiformis bircok hayvanin agiz bosluklari ortak bir sakini olarak kabul edilir. Literatire gore etkenin sicakkanli hayvanlarin
agiz boslugu ile sinirli ve patojenik olmadigr bildirilmistir. Sirbistan bir ciftlikte gen¢ domuz kayiplari arttisi goézlenmistir. Postmortem
incelemede akciger kan damarlari ve bronslarda kismen pihtilasmis kan ve kdplikli icerik gézlenmistir. Odem hastaliginin karakteristik
isaretler mevcut oldugunu ve E. coli serogrup 0139 izole edildi. Ayrica, Alysiella filiformis hastalikli domuz akcigerlerinden izole edilmis

tek bir ajan idi. Bu calismada hastalikl domuz akcigerlerden Alysiella filiformis izolasyonu ilk kez bildirilmistir.

Anahtar sozciikler: Alysiella filiformis, Domuz, Akcigerler

INTRODUCTION

Alysiella filiformis (A. filiformis) is considered a common
resident in the oral cavities of many animals. All reports
of Alysiella indicate that it is restricted to the oral cavity
of warm-blooded vertebrates, where it apparently is
nonpathogenic. A. filiformis is the solitary member of genus
Alysiella, family Neisseriaceae '?. Genus Alysiella comprises
organisms that exist in characteristic flat, ribbon-like
multicellular filaments. The cells within the filament are
paired, and in axenic culture the filament often breaks up
into groups of two or four cells. The width of an individual
cell is about 2.0-3.0mm, and the length of a cell is about
0.6 mm "2, A, filiformis has been isolated from the oral
cavity of different animals including guinea pigs ¥, sheep ¥,
and cows ¥, and in Turkey it was isolated from hot spring

water indicating its presence in the environment . This
paper presents a case of the isolation of Alysiella filiformis
from the lungs of pig with oedema disease.

CASE HISTORY

During May 2009, one swine farm with 1.000 pigs
situated in northwest of Serbia, reported increased losses
of young pigs. According to anamnestic data, live affected
pig showed a staggering gate, puffy eyelids giving a sleepy
appearance and an abnormal high pitched squeak. During
nine days, 14 pigs (weight around 15 kg) in very good
condition died, and dispnea was the only clinical symptom
present in diseased pigs. Post-mortem examinations showed
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Table 1. Biochemical characteristics of Alysiella filiformis isolate

Tablo 1. Alysiella filiformis biyokimyasal 6zellikleri izole

Medium Reaction Medium Reaction
Catalase positive Inositol acid not produced
Oxidase positive Xylose acid not produced
Glucose acid produced Arabinose | acid not produced
Maltose acid produced Mannitol acid not produced
Trehalose acid produced Gelatin negative

Sucrose acid produced H,S not produced
Fructose acid produced MR negative

Lactose acid not produced | VP negative
Cellobiose | acid not produced | Indole negative
Raffinose acid not produced | Urease negative
Rhamnose | acid not produced | Aesculin not hydrolyzed
Mannose acid not produced | Nitrate not reduced
Dulcitol acid not produced | Nitrite not reduced
Salicin acid not produced iiitr?aT:n’s no growth

Fig 1. Colonies of A. filiformis on blood agar

Sekil 1. Kan agar A. filiformis kolonileri

G

Fig 2. Ribbon-shaped filaments of A. filiformis (Gram stain, x1.000)
Sekil 2. A. filiformis serit seklindeki filamentler (Gram boyama, x1.000)

oedema of the greater curvature of the stomach wall,
coiled colon and eyelids. Spumous content in bronchia
and partly clotted blood in blood vesels of the lungs were
present.

Samples of small intestines were inoculated on nutritient
agar (HiMedia) containing 5% sheep blood and MacConkey
agar (HiMedia), and incubated aerobically at 37°C for
24 h. Lung samples were also inoculated on 5% sheep
blood agar and incubated aerobically at 37°C for 24 h. The
cultural, biochemical and morphological characteristics
of grown cultures were examined. Bacterial isolates
were identified using standard methods for phenotypic
characterization as previously described 278, After 24 h
of incubation, E. coli was grown on sheep blood agar and
MacConkey agar from the small intestine samples. Using
antisera (E. coli O antisera, HiMedia), isolate was identified
to belong to serogroup 0139. From lung samples, no
growth was seen on MacConkey agar, but large numbers
of smooth, convex, 3-haemolytic, white-grayish colonies,
about 1.5mm diameter, were present in pure culture on
sheep blood agar.

After subcultivation on MacConkey agar at 37°C and
25°C, as well as on sheep blood agar at 25°C, culture was
sterile, but bacterial growth occurred after subcultivation
on sheep blood agar at 37°C. Gram staining of isolate
revealed gram-negative cells, 0.6 x 2-3 pm, arranged side
by side in pairs to form flat, ribbon-shaped filaments, with
variable lenght.

Isolate was further tested by biochemical tests
(bioMerieux, HiMedia).

On the basis of the cell morphology, cultural and
biochemical characteristics, isolate was identified as
Alysiella filiformis.

DISCUSSION

In difference from the other representatives of this
family, cells of genera Simonsiella and Alysiella may exibit
a characteristic multicellular micromorphology. Moreover,
the unusual morphology of the Alysiella filaments serves
to differentiate the genus from all other procaryotic
organisms. Alysiella filaments differ from Simonsiella in
consisting of continuous pairs of cells instead of being
segmented into units of eight cells, and the terminal cells
are not rounded, but square 2. In this case, A. filiformis
was isolated from lung tissue in pure culture, with ribbon-
shaped filaments of with variable lenght, similar to other
authors 2, The biochemical properties of bacteria isolated
from lung tissue in this study are very similar to those
described in other studies 7,

The origin and significance of the presence of A.
filiformis in the lung tissue is not clear. A. filiformis has been
described as a comensal in oral cavity of animals ), but
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there is no report of its presence in other tissues or organs.
Also, there is no known pathology as a consequence of
presen ce of this bacterium. Because of this fact, it is hard to
determine the role bacterium in described macroscopic
lesions present in lung tissue of diseased pig. In the
present case, suspicion of possible role of A. filiformis in
lung pathology was based on fact that it was isolated from
lung tissue in pure culture, with abundant growth and
presence of clearly visible zone of beta-haemolysis around
colonies.

The reasons for the colonization of lung tissue with
A. filiformis, and its potential role in the etiology of
pathoanatomical changes in lung tissue remain unclear.
Further studies are needed to determine the pathogen
potential of this bacterium.

REFERENCES

1. Holt JG, Krieg NR, Sneath PHA, Staley JT, Williams ST: Group 15:
Nonphotosynthetic, nonfruiting gliding bacteria. In, William R Hensyl

(Ed): Bergey's Manual of Determinative Bacteriology. 9" ed., pp.489-491,
Williams & Wilkins, Baltimore, Maryland, 1994.

2. Tonjum T, Family | Neisseriaceae: The Proteobacteria. Part C: The
Alpha-, Beta-, Delta-, and Epsilonproteobacteria. In, Brenner DJ, Krieg NR,
Staley JT, Garrity GM (Eds): Bergey’s Manual of Systematic Bacteriology.
Vol. 2, 2" ed., pp. 775-801, Springer, New York, USA, 2005.

3. Berger U: Reinz(ichtung von Simonsiella spp. Z Hyg, 149, 336-340, 1963.

4. Steed PDM: Simonsiellaceae fam. nov. with characterization of
Simonsiella crassa and Alysiella filiformis. J Gen Microbiol, 29, 615-624,
1962.

5. McCowan RP, Cheng KJ, Costerton JW: Colonization of a portion
of the bovine tongue by unusual filamentous bacteria. Appl Environ
Microbiol, 37, 1224-1229, 1979.

6. Sariozlii NY, Demirel R, Kivanc M: Microbial population of hot spring
waters in Eskisehir/Turkey. J Sci Technol, 2, 31-39, 2012.

7. Heiske A, Mutters R: Differentiation of selected members of the family
Neisseriaceae (Alysiella, Eikenella, Kingella, Simonsiella and CDC groups
EF-4 and M-5) by carbohydrate fingerprints and selected phenotypic
features. Zentralbl Bakteriol, 281, 67-79, 1994.

8. Hedlund BP, Kuhn DA: The genera Simonsiella and Alysiella. The
Proteobacteria. In, Dworkin M, Falkow S, Rosenberg E, Schleifer KH,
Stackebrandt E (Eds): The Prokaryotes A Handbook on the Biology
of Bacteria. pp.828-839, Springer, New York, USA, 2006.



Kafkas Univ Vet Fak Derg

JournAL Home-PacE: http://vetdergi.kafkas.edu.tr
ONLINE Susmission: http://vetdergikafkas.org

REVIEW

19 (4): 725-734, 2013
DOI: 10.9775/kvfd.2012.8415

Possible Natural Toxins in Organic Livestock Farming
Selim SEKKIN ' Cavit KUM !

! Department of Pharmacology and Toxicology, Faculty of Veterinary Medicine, Adnan Menderes University, TR-09016
Aydin - TURKIYE

Makale Kodu (Article Code): KVFD-2012-8415

Summary

Public concern about food quality has intensified in recent years. In the last decades, the amount of farmland managed under
certified organic practices has expanded dramatically and it is expected to increase in the future. There is a growing demand for
organic foods driven primarily by consumers’ perceptions of the quality and safety of these foods and to the positive environmental
impact of organic agriculture practices. This growth in demand is expected to continue in the future. Obviously many factors in
production systems have an impact on the health and welfare of the animals involved. Animals feed or forage may be the source
of disorders for farm animals also could lead to human illness. The types of feeds administered do not differ significantly in organic
farming and in this respect there are mostly quantitative differences observed. Pesticides, agricultural and industrial chemicals, heavy
metals, radionuclides as well as natural pollutants as mycotoxins may pollute animal feed. The aim of this review was to find out the
possible natural toxins of animals associated with organic farming.

Keywords: Organic farming, Feeding, Natural toxins, Pollutants

Organik Hayvancilikta Olasi Dogal Toksinler

Ozet

Son yillarda halkin gida kalitesi ile ilgili endiseleri artmistir. Son donemlerde sertifikali organik tretim uygulamalari yapilan alanlar
onemli 6lclide genislemis ve gelecekte daha da artacadi tahmin edilmektedir. Organik Griin eldesiyle ilgili uygulamalarin ¢evreye olan
olumlu etkileri, elde edilen Urlinlerin gida kalitesi ve guivenligi ile ilgili tlketicilerin algilar bu Grlinlere olan talebi giderek artirmaktadir.
Organik Urilinlere olan s6zkonusu talebin gelecekte de artacagi tahmin edilmektedir. Organik tiretim sistemindeki bircok uygulamanin
hayvan saghgi ve refahi izerine olan etkileri aciktir. Hayvan yemlerinin ciftlik hayvanlarinda bazi metabolik bozukluklarin kaynagi
olabilir, hatta insanlarda da hastaliklara yol agabilir. Organik hayvansal Gretimde hayvanlara verilen yem cesidinin niteliginde belirgin bir
fark yokken, genellikle miktarda nicelik farkliliklar gézlenmektdir. Pestisidler, tarimsal ve endustriyel kirleticiler, agir metaller, radyoetkin
bilesikler ile dogal kirleticilerden mikotoksinler de dahil olmak lizere bircok etken hayvan yemini kirletebilirler. Bu derlemenin amaci,
organik hayvancilikta olasi dogal toksinler hakkinda bilgi sunmaktir.

Anahtar sozciikler: Organik tarim, Beslenme, Dogal toksinler, Kirleticiler

INTRODUCTION

The industrial agriculture system consumes fossil fuel,
water, and topsoil at unsustainable rates ™. The expansion
of factory style animal agriculture creates environmental
and public health concerns, including pollution from the
high concentration of animal wastes and the extensive use
of antibiotics, which may compromise their effectiveness
in medical use. The type of agriculture that has become
conventional throughout the industrialized world is, in
historical terms, a new phenomenon 2. Humans have
practiced agriculture for more than 10000 years, but only
in the past 50 years or so have farmers become heavily

dependent on synthetic chemical fertilizers and pesticides
and fossil fuel-powered farm machinery. In the last decades,
however, industrial agriculture has increasingly separated
animals from the land .

Organic farming is the result of theory and practice
since the early years of the 20" century, involving various
alternative methods of agricultural production, mainly in
northern Europe 7. Organic livestock farming is based
on the principle of a close link between the animals and
the soil. The need for a link with the soil requires animals
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to have free access to outside areas for exercise, and also
implies that their feed should be not only organic, but
preferably produced on the farm. This sector of organic
farmingis, also, strictly regulated by rules of animal welfare
and veterinary care '3, Organic farming was developed
and driven by people searching for a sustainable way
of farming. They often sold their products directly to
consumers, bypassing the many marketing steps between
the farm and the consumer. Today the situation is very
different '8, Organic farming is likely to receive a major
boost in the European Union (EU) and most probably also
worldwide since consumers have lost some trust in food
derived from conventional production. However, this
growth in organic farming is also expected to continue
in the presumable future in Turkey . This is as a result
of recent crises and due to concerns apropos the use of
pesticides in farming and antibiotics in livestock feed 120231,

European Council Regulation (EEC) No 2092/91 on
organic production of agricultural products and suggestions
referring on agricultural products and foodstuffs was
adopted on 24 June 1991. In 1999, the Council adopted
Regulation (EC) No 1804/1999 of 19 July 1999, which lays
down Community rules for producing organic livestock
products; this completes the framework of Community
legislation, which now covers both crop and animal
products. Part B of Annex | to Regulation (EEC) No 2092/91,
as amended on 19 July 1999 by Regulation No 1804/1999,
lays down minimum rules for organic livestock production.
The Member States may adopt stricter rules, under Article
12 of Regulation (EEC) No 2092/91, concerning the animals
and animal products produced on their territory ['324,

As the nutritional quality of organic foods for humans
there seems to be no difference in nutritional quality
between an organic diet and conventional diet, though
the perception of consumers is that organically-produced
crops and animal products are of higher nutritional
quality and safety 528, The small number of papers
published is not surprising since the development of
organic farming and its philosophy .. Therefore, this
article is limited to review the possible natural toxins that
represent significant risks to organic livestock.

1. ORGANIC FARMING AND
ANIMAL FEEDING

To get insight into the different types of feeds used in
organic and conventional production systems information
was obtained from different sources on the internet.
This because the information in scientific articles was
too limited and fragmented '"?72], From the information
assessed it is clear that a major difference between organic
and conventional production of feeds is that in organic
production only limited crop production and other
products are permitted. A remark should be made the

natural source of the products is no guarantee for non-
toxicity for humans 2033,

International food safety standards and food hygiene
requirements are equally valid for conventionally and
organically produced food. The issue of other food quality
characteristics is less clear-cut. There is a widely-held
view that the food industry is best placed to make
decisions about the quality of their products based on
their understanding of market demands ©'#34, However,
compulsory and optional quality standards do exist to
ensure that essential product requirements are met and
to protect consumers against fraudulent practices 3>3¢,
Most problems that occur in conventional agriculture
may also be present in organic farming, such as erosion,
nitrogen leaching, ammonia volatilisation from animal
wastes, high levels of native soil cadmium, accumulation
of trace metals in soil, and subsoil compaction caused
by farm machinery 57411, Organic farming methods do not
offer solutions to many of these problems. In contrast to
conventional agriculture, organic farming without purchase
of feed may result in a nutrient depletion of soils. Through
the import of feeding stuff to farms, which means a net
input of nutrients, depletion is normally avoided. As the
feeding stuff may be produced elsewhere with inorganic
fertilizers, organic farming indirectly depends on the soil
fertility of conventional farming “>*31. However, regulations
about the conventionally grown feeding stuff to be used in
organic farming differ between countries 243444451,

For cattle the types of feeding of the animals do not
differ between organic and conventional systems. Feeding
of organic cattle should however be derived from organic
production systems ¥4, Also the percentage of mixed feeds
and raw feeds differ in organic cattle production. For
example 60% of the feeds should be raw feeds for organic
cows. For organic cows also no synthetic additives, anti-
biotics etc. are allowed. Rules for pigs and chickens are
similar 1'>2°49, In conclusion the major differences in the
quality of feeds between organic and conventional
products systems seems to originate from differences in
production of plants (such as limited use of crop production
products) and the lack of certain additives in the feeds.
The types of feeds administered do not differ significantly
and there are mostly quantitative differences observed
(more raw feeds) [1314:27,50511

2. ENVIRONMENTAL
CONTAMINANTS

One reason for the increase in organic agriculture
in many countries in Europe today is we need to solve
environmental problems. In such situations, we often tend
to accept appealing solutions. Furthermore, the intensive
propaganda by representatives of organic farming
movements has had a strong influence on public opinion,
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politicians, and scientists 38452531 A wide range of organic
and inorganic compounds may occur in feedstuffs, including
pesticides, industrial pollutants, radionuclides and heavy
metals. Pesticides that may contaminate feeds originate
from most of the major groups, including organochlorine,
organophosphate and pyrethroid compounds. Although
pesticides are potentially toxic to farm livestock, the primary
focus of concern centers on residues in animal products
intended for human consumption B%*%%, |t should be noted
that organic producers are not prohibited from using all
pesticides -certain pesticides from natural sources can be
used. Natural pesticides like the chemically synthesised
pesticides must be subject to safety evaluation. Natural
pesticides used in organic management are usually
restricted under certification schemes. International
guidelines for organically produced foods include lists of
substances that can be used for plant pest and disease
control if the need for such is recognised by the certification
body. In organic management, biological control is the
preferred method of pest management 133550,

Contaminants in animal feeds, such as pesticide
residues, agricultural and industrial chemicals, heavy metals
and radioactive nuclides, can result in safety hazards in
foods of animal origin. As EC regulations (EC No 1804/1999)
require that livestock, claimed to be produced organically,
is fed on organically produced feed stuffs, the potential
for contamination with pesticide residues and other
agricultural chemicals is greatly reduced compared to
conventional farming methods ¥3°%°, However, organic
agriculture does not reduce the levels of persistent
environmental pollutants in organically grown products.
These may therefore be present in organic feedstuffs and
hence in organic food of animal origin 3323561 Conversely,
excluding pesticides may result in increased concentrations
of secondary plant metabolites and of mycotoxins of field
fungi. Thus, to exclude pesticides does not necessarily mean
that crop products do not contain unwanted substances 544,

3. POSSIBLE NATURAL TOXINS OF
ANIMAL FEEDS

Animal products are a primary source of proteins, amino
acids and fats, and when they are a major constituent of
diets they contribute a significant part of total calories. They
are, however, perishable products which require special
attention to prevent their deterioration and contamination
by various agents, biological as well as chemical. Some of
these contaminants can be transferred by the feed 226264,
Animal feeds are routinely subject to contamination from
diverse sources, including environmental pollution and
activities of insects and microbes. Animal feeds may also
contain endogen toxins arising principally from specific
primary and secondary substances produced by fodder
plants ©5¢71, Thus, feed toxins include compounds of both
plant and microbial origin. Although these toxins are often

considered separately, because of their different origins,
they share several common underlying features. Therefore,
particular compounds within both plant and microbial
toxins may exert antinutritional effects or lessen
reproductive performance in farm animals 3. Also,
the combined effects may be the result of additive or
synergistic interactions between the two groups of
compounds. The extent and impact of these interactions
in practical livestock feeding remain to be quantified. Feed
contaminants and toxins occur on a global scale but there
are distinct geographical differences in the relative impact
of individual compounds. The term “feed” is generally
used in its widest context to include compound blends
of straight ingredients as well as forages. With such a
broad perspective, it is necessary and more instructive to
introduce some focus 5459681,

3.1. Contamination from Natural Fertilisers

Variation in stocking rates of grazing ruminants can
change the structure and composition of pastures with
potential impacts on biodiversity and produce methane,
a greenhouse gas 7%, The search for reducing agricultural
surpluses led the EU to promote livestock production
extensification and a decrease in stocking rates on
grasslands. The value of species rich grasslands are also
reinforced by the increased interest of consumers in site-
specific and origin-labelled products, and the growing
scientific evidence of the role of local grassland flora on
various sensory characteristics of both cheese and meat
products, such as colour and flavour of cheese and meat,
respectively 547172, Animal manure and other organic waste
are the main fertilisers used in organic farming. These
natural fertilisers are also widely used in conventional
agriculture with chemically synthesised fertilisers. Micro-
biological contamination arising from the use of natural
fertilisers and measures needed to address it must focus on
both organic and conventional agriculture. Untreated or
improperly treated manure or biosolids used as fertilisers
or soil nutrient agents, whether in organic or nonorganic
agriculture, can lead to contamination of products water
sources “2537374 Animal and human faecal matters are
known to contain human pathogens. Properly treated
manure or biosolids are effective and safe fertilisers.
Growers need to follow good agricultural practices for
handling these natural fertilisers to minimise microbial
hazards. Researches indicates that pathogenic organisms
can survive up to 60 days under compost conditions.
The Codex General Principles of Food Hygiene provide the
basic rules for ensuring food safety for all foods. Organic
production, as with all other types of food production,
must follow the rules outlined in this international code
of practice. However, for some, drift and runoff from near
fields may result in microbial hazards. Growers may consider
scheduling application of manure on near fields to
maximise the time between manure application to
those fields and harvest of fresh market products 5355051531,
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3.2. Bacterial Contamination

There is considerable interest in the occurrence of
Escherichia coli (E. coli) in animal feeds following the
association of the O157:H7 type of these bacteria with
human illness 2. The US Centre for Disease Control (CDC)
identifies the main source of human infection with E. coli
as meat contaminated during slaughter. Virulent strains
of E. coli, such as E. coli 0157:H7 develop in the digestive
tract of cattle, which is mainly fed with starchy grain.
Replication of faecal E. coli, including the O157:H7 type
was demonstrated in various feeds under conditions likely
to occur on cattle farms in the summer months 284, Since
faecal contamination of feeds is widespread on farms, it is
an important route for exposure of cattle to E. coli and other
organisms. The potential for exposure to bacteria also
exists when poultry litters are fed to cattle. Cows mainly
fed with hay produce less than 1% of the E. coli found in the
faeces of grain-fed animals. It is one of the most important
goals of organic farming to keep the nutrient cycles
closed. Therefore, ruminants like cattle and sheep are fed
diets with a high proportion of grass, silage and hay. It can
be concluded that organic farming potentially reduces the
risk of E. coli infection 5>%7578l_| jsteria monocytogenes occur
in poor-quality silages and big-bale silage. When grass is
ensiled under anaerobic conditions, the low pH regime
ensures that Listeria spp. is excluded from the resulting
silage. However, in big-bale silage a degree of aerobic
fermentation may occur, raising pH levels and allowing the
growth of Listeria spp. These bacteria also survive at low
temperatures and in silages with high levels of dry matter.
Contamination of silage with Listeria spp. is important as it
causes abortion, meningitis, encephalitis and septicaemia
in animals and humans. The incidence of various forms of
listeriosis has been increasing in recent years 721,

3.3. Mycotoxins

There are consistent reports of worldwide contami-
nation of feeds with fungi and their spores. In the tropics,

Aspergillus is the predominant genus in dairy and other
feeds 2831 QOther species include Penicillium, Fusarium
and Alternaria, which are also important contaminants of
cereal grains. Fungal contamination is undesirable because
of the potential for mycotoxin production. However, spores
from mouldy hay, silage, brewers’ grain and sugar beet pulp
may be inhaled or consumed by animals with destructive
effects termed “mycosis” 5848 Most important myco-
toxins were resumed in Table 1 71,

Mycotoxins are metabolites produced by fungi of
various genera while they grow on agricultural products
before or after harvest or during transport or storage.
Mycotoxin contamination of forages and cereals often
occurs in the field following infection of plants with
particular pathogenic fungi or with symbiotic endophytes.
Contamination may also occur during processing and
storage of harvested products and feed whenever
environmental conditions are appropriate for spoilage
fungi &%, Mycotoxins are regularly found in animal feed
ingredients such as maize, sorghum grain, rice meal,
cottonseed meal, groundnuts and legumes, wheat, barley
and others. Most are relatively stable compounds and are
not destroyed by the processing of feed and may even be
concentrated in screenings. Some fungi such as Aspergillus
spp. and Penicillium spp. can invade grain after harvest
and produce mycotoxins, while others, such as Fusarium
spp., typically infest grains and produce mycotoxins before
harvest 89092 |In some circumstances Aspergillus ssp. can
grow and produce mycotoxins before the crop is harvested.
Both intrinsic and extrinsic factors influence fungal growth
and mycotoxin production. The intrinsic factors include
moisture content and acidity, whereas extrinsic factors also
include appropriate substrates (rice, corn, nuts, wheat, and
food and feeds originated from them) and production
period for 3-6 days 3>7°3%I, There is only limited information
available on the occurrence of mycotoxin residues in
animal products intended for human consumption.
It is known that milk cows can convert Aflatoxin B, into

Table 1. Common mycotoxins, commodity affected, and negative effects on health

Tablo 1. Siklikla karsilasilan mikotoksinler, etkilenen dirtinler ve sagliga olan olumsuz etkileri

Mycotoxin

Commodities

Fungal Source(s)

Effects of Ingestion

Aflatoxin B,, B,, G,, G,

Corn, peanuts, and many
other commodities

Aspergillus flavus
Aspergillus parasiticus

Aflatoxin B, identified as potent carcinogen by IARC*®
Adverse effects in various animals especially chickens

Deoxynivalenol

Fusarium graminearum

Human toxicoses in India, China, Japan, and Korea

X . Wheat, corn and barley Fusarium crookwellense . ; . i
Nivalenol (Vomitoxin) , Toxic to animals, especially pigs
Fusarium culmorum
Fusarium graminearum i . .
umg Identified as possible carcinogen by IARC. Affects
Zearalenone Corn, wheat Fusarium culmorum ) . . .
. reproductive system in laboratory animals and pigs
Fusarium crookwellense
Ochratoxin A Barley, wheat and many | Aspergillus ochraceus Suspected by IARC as human carcinogen Carcino-
other commodities Penicilium verrucosum genic in laboratory animals and pigs
: . Suspected by IARC as human carcinogen. Toxic to pigs
- Fusarium moniliforme and several . :
Fumonisin B, Corn and poultry. Cause of equine eucoencephalomalacia

less common species

(ELEM) a fatal disease of horses

a:International Agency for Research on Cancer
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Aflatoxin M,, which is found in milk. This has caused
considerable trade problems when Aflatoxin M, is found
in milk, and concern about the safety of such milk 3>57:%,

Mycotoxicoses are diseases caused by exposure to
foods or feeds contaminated with mycotoxins. Mycotoxins
show various biological effects in animals, such as liver and
kidney toxicity, central nervous system effects or estrogenic
effects. There are differences between animals on the
susceptibility towards different mycotoxins 6885971,
Poultry secrete mycotoxins relatively fast because of a
particular digesting system. The ingredients used for
animal feeding should be checked to ensure that
satisfactory quality standards are maintained and that
mycotoxins are not present at higher than acceptable
levels ©%%1 Further research is needed to study the
metabolism of mycotoxins by animals and the residues
of mycotoxins and their metabolites in animal tissues.
However, in many instances the problems of mycotoxins in
feeds have more direct effects that they can create illness
in animals and prevent efficient growth or feed use #9848,

Since fungicides are not allowed in organic production
and given that mycotoxins constitute a major health hazard,
their relative presence in foods produced organically or
conventionally has been the subject of many studies. From
these studies it cannot be concluded that organic farming
leads to an increased risk of mycotoxin contamination.
It is important to emphasise that good agricultural,
handling and storage practices are required in organic as
in conventional agriculture to minimise the risk of mould
growth and mycotoxin contamination 3%°7%8%9_Several
research teams in EU have carried out comparative surveys
of the frequency and levels of mycotoxins in conventional

and organic foods. The results are surprisingly consistent.
Averaged across 24 direct comparisons of mycotoxins
in conventional and organic foods in published studies,
mycotoxins were detected in conventional food about 50 per
cent more often than in corresponding organic food "'3'.
Mycotoxin levels in conventional food averaged a little
over twice as high as in the corresponding organic foods.
The probable explanations for the higher levels of myco-
toxins in the conventional wheat crops grown in EU is
the routine use of high levels of nitrogen fertilizer, and
fungicide applications to prevent diseases and losses B,

It has been suggested that organically produced food
has higher levels of mycotoxin contamination because
organic farming bans the use of fungicides. There is no
evidence to support this claim 3%, |In fact organic farmers
would contend that their crops are less prone to fungal
diseases because high doses of nitrogen increase the
growth rate of crops leading to a thinning of the plant
cell walls making the crop more vulnerable to fungal
attack ¥ Good animal feeding practices also require
that feed is stored in such a way to avoid contamination.
As organically raised livestock are fed greater proportions
of hay, grass and silage, there is reduced opportunity
for mycotoxin contaminated feed to lead to mycotoxin
contaminated milk 3582981,

3.4. Potential Plant Toxins

Many plant components have the potential to precipitate
adverse effects on the productivity of farm livestock. These
compounds are present in the foliage seeds of almost
every plant that is used in practical feeding ", Typical
concentrations of selected toxins were presented in Table 2 52,

Table 2. Plant toxins: sources and concentrations
Tablo 2. Bitkisel toksinler: kaynaklari ve konsantrasyonlari

Toxin Principal Source(s) Typical Concentrations
Jackbean 73 units/mg protein
Lectins Winged bean 40-320 units/mg
Lima beans 59 units/mg protein
Trypsin inhibitors Soybean 88 units/mg
Antigenic proteins Soybean =
Cyanogens Cassava root 186 mg HCN/kg
Condensed tannins GEER 6>9/kg
Lotus spp. 30-40 g/kg
Quinolizidine alkaloids Lupin 10-20 g/kg
Glusosinolates Rapeseed 100 mmol/kg
Gossypol Cottonseed 0.6-12 g/kg (free)
Saponins (steroidal) Brachiaria decumbens, Panicum spp. -
S-methyl cysteine sulphoxide Kale 40-60 g/kg
Mimosine Leucaena leucocephala 145 g/kg (seed)
25 g/kg (leaf)
Phyto-oestrogens Clover, lucerne, soybean -
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Plant toxins may be divided into heat-labile and heat
stable groups. Heat-labil group comprising lectins,
proteinase inhibitors and cyanogens, which are sensitive
to standard processing temperatures. Heat-stable group
includes many compounds such as antigenic proteins,
condensed tannins, quinolizidine alkaloids, glucosinolates,
gossypol, saponins, nonprotein amino acids (such as
S-methyl cysteine sulphoxide and mimosine), and phyto-
oestrogens 9214 The role of these substances as anti-
nutritional factors has been considered in detail by
D'Mello ®°. Contamination of animal feeds with weed
seeds is also a major problem worldwide. The impact of
weed seeds arises from the toxins they contain and from
their diluent effects on nutrient density of feeds. Examples
of weed seeds that are controlled by legislation in various
countries include those of Datura spp., common vetch,
castor-oil plant and Crotalaria spp.>>*>,

4. CONTROL OF FEEDBORNE
HAZARDS

Over many years feeding animals and preparing feed
ingredients has not received adequate quality and safety
attention. FAO organized in 1997 an Expert Consultation
on Animal Feeding and Food Safety to determine how
to better address the problems of feed ingredients and
contaminated feed . The primary purpose of this Expert
Consultation was to discuss current animal feed problems,
and to develop a draft Code of Practice for Good Animal
Feeding for consideration by the Codex Alimentarius
Commission, as advice to FAO member countries. This draft
Code covers good animal feeding practices, and adherence
to Good Manufacturing Practices (GMPs) in the procurement,
handling, manufacturing, storage and distribution of
commercially-produced feeds for food-producing animals.
Feed and feed ingredients should be obtained and preserved
in stable conditions to prevent hazardous effects due to
contamination or deterioration. When received, feeds
should be in good condition and meet generally accepted
quality standards. GMPs should be followed always ®*84,

Preventive management of mycotoxin contamination
of food and animal feed should be checked regularly
in organic farming. Strategies to prevent mycotoxin
contamination must be applied strictly. It is important
for producers to realise that good agricultural practices
(GAPs) represent the primary line of defence against
contamination of cereals with mycotoxins, followed by
the implementation of GMPs during the handling, storage,
processing, and distribution of cereals for human food
and animal feed %!, Many strategies to prevent mycotoxin
contamination of food and animal feed have been
developed. Various crop genotypes resistant to fungus
infection %1% pre-harvest control strategies %1%, field and
harvest management as well as post-harvest applications
including improving drying and storage conditions 11%113),

and the use of biological agents ''*''® have been shown
important in the prevention of mycotoxigenic mould growth
and mycotoxin formation. Preservation can be facilitated
by low temperature storage, ensiling, dehydration or the
addition of appropriate chemicals ®*. However, several
natural plant extract and spice oils of eugenol, cinnamon,
oregano, onions, lemongrass, turmeric and mint are known
to prevent both mould growth and mycotoxin formation
during post-harvest season '"21171191 Although activated
charcoal, hydrated sodium calcium aluminosilicate,
aluminosilicate, zeolite, and bentonite have shown good
potential for use in the animal feed to help overcome
aflatoxicosis. Recently, there has been an increasing
interest in the use of bacteria, yeast, and fungi to help
reduce the toxic effect of mycotoxins [1'#120121 Another
approach to the problem has been the use of mycotoxin-
binding agents in the diet that sequester the mycotoxin
in the gastrointestinal tract thus reducing their bio-
availability 45119122 The suitability of these applications
may be questionable regarding the organic farming
regulations. At the same time it should be noted that
chemical treatment is not allowed within the EU for
commodities destined for human consumption.

More information may be found in the first edition
of the “Prevention and Reduction of Food and Feed
Contamination” publication % that contains all the codes
of practice related to the prevention and reduction of
contaminants in foods and feeds adopted by the Codex
Alimentarius Commission until 2011.

CONCLUSION

There is a growing demand for organic foods driven
primarily by a consumer’s perceptions of the quality and
safety of these foods and to the positive environmental
impact of organic agriculture practices. This growth in
demand is expected to continue in the foreseeable future.
Animal feed, including herbage, may be contaminated with
organic and inorganic compounds. Main contamination
sources are available in all farming systems and must be taken
seriously. Mycotoxins holds many problems among the
natural toxins. Naturally occurring toxicant contamination
of feeds and foods with mycotoxins is inevitable and
unpredictable and poses a unique challenge to organic
farming as well as conventional farming. The best way
to reduce the mycotoxin content in food and feed is the
prevention of mycotoxin formation in the field, but this is
often not sufficient, consequently other effective methods
are required. A well maintained quality assurance system
has to be set up based on the occurrence, detection and
prevention. Good agricultural, handling, manufacturing
and storage practices are required in both organic and
conventional agriculture to minimize the risk of natural
toxins. Residues transferred to edible animal products
presents consumer health risks. Food safety is the shared
responsibility of governments, academia, the food and feed
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industry farmers and the consumer. In view of consumer
expectations, it is important that governments, industry
and consumer groups carefully examine issues related to
organic food quality and safety and make whatever inter-
ventions may be necessary to ensure an appropriate level
of consumer protection.
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