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Abstract: Parasitic infestations represent one of the main challenges to freshwater and marine fish in all areas of the world. The infections are
commonly found on the skin and gills of fish and can cause dangerous problems, as mortality, in heavily parasitized infections. This study was
conducted to detect of ectoparasite types in fishes, 200 of Coptodon zillii from Euphrates and 120 Cyprinus carpio from Razzaza Lake, was
used for this studying aquatic environment. The samples were obtained from the market by purchasing fish caught using gill nets in different
periods in 2022-2023. After the macroscopic examination of the fish brought to the laboratory alive, native preparations prepared from the skin,
gills and eyes were examined under a light microscope. The results of the both infected fishes revealed the presence of several clinical signs.
The prevalence was 65.6%, in Coptodon zillii was 60% and Cyprinus carpio was 100%. Indeed, we observed the appearance of necrotic areas,
ulcerations and hemorrhage on the gills. On other body parts, we found protozoan and monogenean parasites. The identification of ectoparasite
was obtained in fins, skin, and gills and no infection in the eyes. Coptodon zillii were infected with 4 types of ectoparasites, Trichodina spp.,
Ichthyophthirius multifiliis spp., Dactylogyrus spp., and Gyrodactylus spp. Cyprinus carpio was infected by 2 types of parasites, I. multifiliis
and Gyrodactylus spp. significant of results at P<0.05 of fish type with weight and long but not significant for genders in both types. In future
studies should be focusing on modern tools to the identification of parasite species in different environments.

Keywords: Ectoparasites, Euphrates river, Iraq, Razzaza Lake.

Irak'taki Firat Nehri ve Razzaza Golii'ndeki Tath ve Tuzlu Su Baliklarinda Ektoparazit
Enfestasyonlarimin Karsilastirilmasi

Ozet: Parazit istilalar1, diinyanin her yerinde tatl su ve deniz baliklar1 icin ana zorluklardan birini temsil etmektedir. Enfeksiyonlar genellikle
baliklarin derisinde ve solungaglarinda bulunur ve parazitlerin yogun oldugu enfeksiyonlarda 6liim gibi tehlikeli sorunlara neden olabilir.
Baliklarda ektoparazit tiirlerinin tespiti amaciyla yiiriitiilen bu ¢alismada, su ortamindaki galigma i¢in Firat Nehri'nden 200 adet Coptodon zillii
ve Razzaza Goélii'nden 120 adet Cyprinus carpio kullamldi. Ornekler 2022-2023 yilinda farkli dénemlerde solungag aglar1 kullanilarak
yakalanmig baliklar piyasadan satin alinma yoluyla ve temin edildi. Canli olarak laboratuvara getirilen baliklarin, makroskobik incelemeleri
yapildiktan sonra deri, solungaclar ve gozlerden hazirlanan natif preparatlar 151k mikroskobunda incelendi. Her iki balikta da enfeksiyonla
iliskili ¢esitli klinik belirtilerin varlig1 ortaya konuldu. Prevalans %65,6, Coptodon zillii 'de %60 ve Cyprinus carpio'da %100 olarak tespit
edildi. Gergekten de solungaglarda nekrotik alanlarin, iilserasyonlarin ve kanamalarin ortaya ¢tktigin1 gézlemledik. Diger viicut kisimlarinda
tek hiicreli ve monojen parazitler bulduk. Ektoparazitlerin tanimlanmasi yiizgeclerde, deride ve solungaglarda yapildi ve gozlerde enfeksiyon
goriilmedi. Coptodon zillii 'yi enfekte eden 4 tip ektoparazit vardi: Trichodina spp., Ichthyophthirius multifiliis spp., Dactylogyrus spp. ve
Gyrodactylus spp. Cyprinus carpio, I. multifiliis ve Gyrodactylus spp. olmak iizere 2 tiir parazitle enfekte oldu. Balik tipinin agirlig1 ve uzunlugu
acisindan P<0.05'teki sonuglar anlamlidir ancak her iki tiirde de cinsiyetler igin anlamli degildir. Gelecek caligsmalarda farkli ortamlardaki
parazit tiirlerinin tanimlanmasina yonelik modern araglara odaklanilmalidur.

Anahtar Kelimeler: Ektoparazitler, Firat nehri, Irak, Razzaza golii

1. Introduction

Fish inhabit the majority of aquatic habitats globally. Fish are
the most species-rich group of vertebrates on Earth and
inhabit the majority of aquatic habitats globally. They are one
of the key sources of proteins for human consumption and

fisheries through aquaculture represent an important part of
food security (1). Diseases in fish, especially those caused by
parasites, can cause a decrease in the quality of fish and health
problems in humans (2). Ectoparasites are widely recognized
as valuable indicators of environmental quality due to their
monoxenic life cycle characterized by rapid reproduction

X firas.o@uokerbala.edu.iq



mailto:firas.o@uokerbala.edu.iq
https://doi.org/10.58833/bozokvetsci.1376907
http://orcid.org/0000-0003-2927-9220
https://orcid.org/0000-0002-3438-6453
https://orcid.org/0000-0002-7627-4812
https://orcid.org/0000-0003-4172-581X

Jawad et al.

Bozok Vet Sci (2023) 4, (2): 45-50

rates, enabling them to promptly respond to changes in
aquatic biota (3).

Ectoparasite infection in fish is generally considered to be
less detrimental compared to losses resulting from infections
caused by other pathogens, such as viruses and bacteria.
However, it is important to note that ectoparasite infection
may contribute to secondary assaults, which in turn may lead
to the development of viral and bacterial illnesses (4).
Ichthyophthirius multifiliis Fouquet, 1876 is an important
parasitic ciliate that infects gills, skin and fins of freshwater
fish causing the so-called “white spot disease”.l. multifiliis
was found to infect more than 190 freshwater fish and
distributed in 26 countries. However, the epizootic
occurrence of Ichthyophthiriasis in high plateau, Tibet, China
by (5) which infecting an indigenous and endangered fish,
Schizothorax macropogon, by reducing the breathing
capacity and promoting secondary bacterial or viral infections
(6), as an important feature, I. multifiliis is characterized by
low host specificity and broad geographical distribution (7).
Ichthyophthiriasis in common carp (Cyprinus carpio) from
Tigris River has heavy infection was (35%) and mortality
reached more than (40%) of 10000 farmed fishes in Baghdad
city, Irag. The wet smear discovered high number of I.
multifiliis in skin and gills (8).

Trichodinids are probably the most commonly encountered
protozoan parasites on fishes in marine and freshwater
environments. They are typically found on the gills, skin and
fins of fish with more than 200 species described from
trichodinid species. Trichodinids are best known as
ectoparasites of skin, fin and gill of the fish with most of the
species reported from freshwater environments (9). To date,
about 400 Trichodina species have been found on various
aquatic animals worldwide in a range of habitats including
freshwater, brackish water, and marine environments (10). In
Iraq, the first gyrodactylid species was known principally
from early work by in which they reported Gyrodactylus
elegans on the gills of Cyprinus carbio and Planiliza abu
(reported as Liza abu) (11). The parasite Gyrodactylus has the
ability to pose a hazard to its host by inducing damage to the
epithelial cells via the process of attachment. The primary
source of injury arises from the introduction of marginal
hooks and median hooks into the epidermis, in addition to the
feeding behaviors shown by the worm. Furthermore, it is
possible for the host to develop secondary bacterial infections
as a result of these activities (12). The Dactylogyridae family
consists of highly specialized monogenean ectoparasites that
exhibit a strong preference for certain hosts (13).
Monogenean parasites Dactylogyrus are ectoparasites living
on the gills, present the largest group of fish parasites and
major importance in the pathology of fishes (14). This
research aims to identify and confirmed infection on
ectoparasites parasitizing C. zillii and C. carpio fishes from
Euphrates, and Razzaza Lake, Iraq.
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2. Materials and Methods
2.1. Study Area and Sampling

The majority of the Euphrates basin is situated within the
territories of Tiirkiye, Syria, and Iraq. To begin with, it is
noteworthy that the Euphrates River receives contributions
from three distinct tributaries, namely the Khabur, the Balikh,
and the Sajur Upon its entry into Iraqg, the Euphrates River
flows towards the southern region of the country, ultimately
leading to the Gulf. The Euphrates River spans a distance of
about 3,000 kilometers, extending from the Murat River's
source to its confluence with the Tigris River. This location
may be identified between the geographical coordinates of
31° to 18° north latitude and 47° to 26° east longitude.

The study material consisted of a total of 320 fish, including
200 C. zillii from the Euphrates and 120 C. carpio from
Razzaza Lake using the gill net collection technique. Fish
specimens were gathered over the period spanning from
December 2022 to the conclusion of April 2023. Fish were
immediately transported alive to the laboratory and then
subjected to examination, Figure 1 .

TURKEY S

SAUDI ARABIA

A KDWY

)
—

Figure 1. A map of Iraq has the sites of the study. The pointer
site of study.

After the macroscopic examination of the fish samples was
carried out in the laboratory, the wet part of the fins, skin, gills
and eyes were used for microscopic examination. (6). Each
organ was separated using a scissor and put it in Petridis with
distal water. Then examine each organ and confirmed
infection if found. Then take scrap from different sites of skin.
The eyes were examined after separation from fish and
opened by a small scissor and checked under the microscope.
The calculation of infection prevalence was proved by (4).
The evaluation of ectoparasites may be conducted using a
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light compound microscope with a magnification range of 4-
10X.

Prevalence (%) = (number of infected fish/total number of
examined fish) x100 (12).

3. Results

3.1. Parasite Diversity and Prevalence

After examining 320 individual fish, several parasites were
identified. We identified Ichthyophthirius spp., Trichodina
spp., Dactylogyrus spp., Gyrodactylus spp. The infected
number of C. zillii was 120 of 200, and C. carpio was 120 of
120. C. zillii in the Euphrates River were infected with four
parasites  Ichthyophthirius  spp.,  Trichodina  spp.,
Dactylogyrus spp., Gyrodactylus spp. in comparison with C.
carpio in Razzaza Lake were infected only I. multifiliis and
Gyrodactylus spp.

Figure 3. Trichodina spp. in C. zillii skin X100

The seroprevalence rate of 65.6%. The prevalence in
Common carp was 100%, while in C. zillii was 30%. The
study of the many infected fishes yielded findings indicating
the manifestation of multiple clinical symptoms in both
species. The total 200 of C. zillii from the Euphrates river and
120 C. carpio from Razzaza Lake. The number of parasites
in C. zillii are (Ichthyophthirius spp. (70) and Trichodina
spp., (10) in skin); while Dactylogyrus spp., (30)
Gyrodactylus spp. (10) in gills. C. carpio was confirmed only
two parasites (Ichthyophthirius spp. (90), and Gyrodactylus
spp., (10) in skin); while Ichthyophthirius spp., (10)
Gyrodactylus spp. (10) in fins and Ichthyophthirius spp. (10)
in gills. The presence of necrotic regions, ulcerations, and
haemorrhage on the gills was noted. Protozoan and
monogenean parasites were discovered in various areas of the
host's body. Fig 1, 2,3,4 and 5.

Figure 4. Dactylogyrus spp. in C. zillii gills X40.

e Al ¢
M et

Figure 5. Gyrodactylus spp. in Cyprinus carpio fins X40.

3.2. Clinical signs

Figure 2. Tomont stage of I. multifiliis in C. carpio skin X40 Accordingly, the infected fish had symptoms of anorexia,

lethargy, and respiratory distress. Moribund fish revealed
hemorrhagic patches on the external body surfaces, ascites,
redness below the opercula, and at the bases fins. Dermal
ulcers were noticed on the external body surfaces of some
fish.
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Table 1. Prevalence type of hosts with type of infections

Prevalence%

No Single infection% Dual triple infection% Total
Type of host
infection %
infection%
C. zillii 200 30(15%) 0(0%) 90(45%) 60
C. carpio 120 30(25%) 40(33%) 50(42%) 100

Table 2. The relation among weight, length, and fish type.

Fish type Mean Std. Deviation P value
Coptodon zillii 75.2 15.2

Weight 0.000%*
Cyprinus carpio 17.4 3.0

Length Coptodon zillii 15.9 0.8 0.000%*
Cyprinus carpio 62.0 11.8

Factors have been significant signed at the level P<0.05.

Table 3. The relation among weight, length, and fish gender C. Zillii.

Gender/type 1(C. zillii) Mean Std. Deviation P value
Weight male 72.0 12.7
0.105
female 84.7 195
Length male 15.8 0.9
female 16.2 0.6 0.415

Non-significant signed at the level P>0.05.

Table 4. The relation among weight, length, and fish gender C. carpio.

Gender/type2(C. carpio) Mean Std. Deviation P value
male 19.3 1.6

Weight 0.056
female 16.0 3.1

Length  male 64.0 14.9 0.635
female 60.5 10.0

Non-significant signed at the level P>0.05.
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Table 5. Distribution of parasites in fish types with site of infection.

Type Ichthyophthir ~ Trichodina Site of Dactylogyrus Gyrodactylus Site of
of fish ius spp. spp. infection spp., sp infection
C. zillii 70 10 skin 30 10 gills
C. carpio 90 - skin - 10 skin
10 - fins 10 fins
10 - gills - - -

3.3. Statistical Analysis

The SPSS (version 24.0.0) program using Chi square was
used to calculate the prevalence, mean intensity of the
parasites. The total number of fish examined were examined
the prevalence of infected fish, the mean intensity, the
number of parasites per fish and the total number of infected
fish, within each sample.

4. Discussion and Conclusion

Fish parasites serve as valuable biological indicators for
assessing environmental quality due to their ability to respond
to changes in water parameters and the presence of
contaminants, leading to fluctuations in their population (3).
Tilapia, a kind of fish, has been widely distributed worldwide.
Currently, tilapia is being actively cultivated in more than 124
nations (15). Among numerous species of fishes, carps belong
to the Cyprinidae family which is the biggest family of
freshwater fishes, spreading widely around the world (16).

The current study demonstrates the ectoparasites in both types
at different environments with a seroprevalence rate of
65.6%. The prevalence in Common carp was 100%, while in
C. zillii was 60%. There are many studies have been
conducted on ectoparasites globally. The study data with the
closest proximity to other studies showed a seroprevalence of
(C. carp) was 35.67% in Macedonia (9), and 100% from
Indonesia (4). The worldwide reports show variability based
on characteristics such as host type, environmental
conditions, specimen size, biological and non-biological
influences, host size, length, and weight.

Currently, in accordance with previously documented
information, the Euphrates River in Al-Musaib city, located
in the Babylon province of central Irag, has been found to
have ectoparasites and endoparasites in T. zillii (Gervais,
1848). There are five parasites identified in the text, including
three ciliated protozoans (I. multifiliis, Trichodina
cottidarum, and Trichodina domerguei), glochidia of the
freshwater mussel Unio pictorum, and nematode larvae of
Contracaecum spp. found in fish gills (17). Other study in the
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Razzaza Lake, Karbala Province, lIraq, were reported
Contracaecum L3 (only in all fish) in Planiliza abu (18).

Co-infections are prevalent in nature and arise when hosts are
simultaneously or sequentially infected by several distinct
diseases, resulting in the presence of two or more active
infectious agents inside the same host. The sensitivity of fish
to various pathogens may be altered during mixed infections,
resulting in the occurrence of abrupt fish outbreaks (19).
Consequently, fish that are unwell are more susceptible to
contracting illnesses and spreading them to nearby species.
Nevertheless, the impact and function of parasitic co-
infections in cultivated tilapia have not been well examined
and need more research (20). Abnormal mortalities were
observed in farmed common carp (C. carpio) due to a
simultaneous co-infection of Dactylogyrus extensus and
Pseudomonas fluorescens. The monogenetic trematode D.
extensus was found only in the gills of 70 C. carpio were
collected from a private farm located in Kafrelsheikh
governorate, Egypt, in wet mounts from the gills of all the
examined fish samples 100% (13). Single infections in C.
zillii and C. carpio were found to be 15% and 25% in the
present research, dual infections to be 0% and 33%, and triple
infections to be 45% and 42%.

In the present study, the presence of necrotic regions,
ulcerations, and haemorrhage on the gills was noted.
Protozoan and monogenean parasites were discovered on
various areas of the host's body. The number of parasites in
C. zillii are (Ichthyophthirius spp. (70) and Trichodina spp.,
(10) in skin); while Dactylogyrus spp., (30) Gyrodactylus
spp. (10) in gills. C. carpio was confirmed only two parasites
(Ichthyophthirius spp. (90), and Gyrodactylus spp., (10) in
skin); while Ichthyophthirius spp., (10) Gyrodactylus spp.
(10) in fins and Ichthyophthirius spp. (10) in gills. Abnormal
mortalities were observed in farmed common carp (C. carpio)
due to a simultaneous infection of D. extensus and P.
fluorescens. The dying fish exhibited symptoms of reduced
appetite, difficulty breathing, skin sores, and septicemia (13).
Another study recorded (200) of fish C. zillii are collected
from the Sarragy River in the Abu Alkhasiib region in Basra
province, Iraq through two seasons of dissection and ablation
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the gills for studied the histopathological change that
appeared on it, that included change of the form of some
secondary lamellae, adherence in other secondary lamella,
cellular hyperplasia, hypertrophy, swelling in the epithelial
layer of secondary lamellae, epithelial lifting, and hyperplasia
in cartilage skeletal of primary filaments (21). Accordingly,
the infected fish had symptoms of anorexia, lethargy, and
respiratory distress. Moribund fish revealed hemorrhagic
patches on the external body surfaces, ascites, redness below
the opercula, and at the base fins. Dermal ulcers were noticed
on the external body surfaces of some fish. The relationships
between parasites, gut microbiota, and host by (22) who
conducted research on ectoparasites Dactylogyrus lamellatus
on the gills of the grass caused a change in the gut microbiota,
as well as histological alterations and immunological
responses. Carp ectoparasite-microbiota-host interactions
suggest that fish ectoparasites likely possess distant
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microorganisms of their hosts.

In conclusion, the study referred to distributing the
ectoparasites in two environments. The difference was
recorded between the two types of fish. A visual inspection
should be made of the fish industry before sale in markets.
Checking all fish species about internal and ectoparasites.
Many of studies should be made to evaluate the ranges of
parasitic infections in other fish species.
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Peromelia and Cyclopia in a Simmental Calf
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Abstract: The absence of distal extremities is defined as peromelia, while the presence of a single eyeball in a single orbit on the median line
or the presence of two incompletely fused eyeballs is defined as cyclopia. While cyclopia is common in calves, peromelia is rare. In the present
report, it was determined that a male Simmental calf born with a case of dystocia had a typical case of cyclopia. However, the abnormalities
were not limited to the eyeball arhinia, hypoplastic maxillary bone, upward curved jaw and peromelia were also observed. In the literature
review, no case report was found in which cyclopia and peromelia were observed together, making this case distinct from others. Congenital
anomalies are caused by a combination of genetic and environmental factors. The main cause of cyclopia in sheep is reported to be the Verratum
plant. It is unlikely that this plant was responsible for the calf anomaly in the presented case. It is thought that the emergence of this situation
is related to the formation of pregnancy as a result of the use of the bull in the farm for a long time in mating and related inbreeding.

Keywords: Anomaly, calf, cyclopia, peromelia.

Simmental Bir Buzagida Cyclopia ve Promelia Olgusu

Ozet: Distal ekstremitelerin yoklugu peromeli, tek géz kiiresinin median ¢izgi iizerinde tek yériingede bulunmasi veya iki géz kiiresinin tam
olarak kaynagsmamis olmasi siklopi olarak tanimlanir. Buzagilarda siklopi sik goriiliirken, peromelia nadirdir. Sunulan raporda distosi olgusu
ile diinyaya gelen erkek bir Simental buzagmnmn tipik bir siklopi olgusuna sahip oldugu belirlendi. Ancak degisiklikler goz kiiresi ile sinirlt
kalmay1p arhinia, hipoplastik maksiller kemik, yukar1 dogru kivrik ¢ene ve peromeli gozlendi Literatiir taramasinda siklopi ve peromelinin
birlikte goriildiigi bir olgu sunumuna rastlanilmamasi bu olguyu digerlerinden farkli kilmaktadir. Dogustan anomaliler, genetik ve cevresel
faktorlerin birlesiminden kaynaklanir. Koyunlarda siklopinin baslica nedeninin Verratum bitkisi oldugu bildirilmektedir. Sunulan vakadaki
baldir anomalisinden bu bitkinin sorumlu olmasi olas1 degildir. Bu durumun ortaya ¢ikmasinda isletmedeki boganin uzun siire ¢iftlestirmede

kullanimi sonucu gebelik olusumu ve buna bagl akrabali yetistirme ile ilgili oldugu diisiiniilmektedir.

Anahtar Kelimeler: Anomali, buzagi, cyclopia, peromelia.

1.Introduction

When the previously published case reports on congenital
anomalies in calves are examined, it is becomes evident that
the probability of anomalies is quite high. Since the
development of tissues and organs is interconnected, it is
possible to observed more than one anomaly in an animal (1).
It has been reported that most of the anomalies observed in
cattle breeding may be caused by genetic factors,
environmental factors such as infection, toxins and drugs, or
a combination of these factors (1, 2). Congenital anomalies in
one or more systems are characterized by structural and
functional anomalies of these systems (2).

The anomaly called cyclopia, synophthalmia or cebocephalus
is the presence of a single eyeball in the median line, or the
presence of two incompletely fused eyeballs within a single
orbit (3, 4). It is characterized by the absence of a nose and a
maxillary defect (3). Cyclopia has been observed in animals
such as cows, buffaloes, sheep, goats, and mares (4, 5). It is

known that grazing of sheep in places where there are
veratrum plants increases their susceptibility to cyclopia (4,
6). Cyclopia in calves has been observed in many cow breeds
such as Holstein (7), Swiss brown (8), and Friesian (9).

Peromelia is defined as the absence of the distal parts of the
limb (10). There is very limited information in the literature
about peromelia in calves (11, 12). The purpose of this case
report was to emphasize that peromelia can occur together
with cyclopy.

2. Case History

The presented case was encountered in the calf of a
Simmental breed heifer raised in the family farm business in
Yozgat. It should be added that it was learned from the
anamnesis, It was recorded that the heifer became pregnant
through natural mating with the bull raised in the same farm.
The information was received from the breeder that there
were no clinical problem during the pregnancy, the heifer did

X kocakgokhan60@gmail.com
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not get sick and no antibiotic, vaccine or treatments were
administered. The heifer was examined due to a as a result of
the complaint that the birth symptoms started but the delivery
had not occurred. It was determined that birth canal was open,
entered the canal in the longitudinal anterior position, but the
calf's head was bent downwards. It was understood that the
baby who was pushed backwards did not have legs and had
anomalies. After applying the lubricant and correcting the
position, the calf was removed from the uterus and vagina by
applying extraction force.

It was determined that the dead calf was a male and weighed
approximately 15-20 kg. The calf died while still alive in the
womb at the time of birth. The sign of malformation in the
calf was the presence of incompletely fused exophthalmic
pupils in a single mid-orbital orbit. External ears appeared
normal. In the upper part of the orbit was a skin-covered
appendage. The maxilla was hypoplastic, the chin was curved
upward, and arhinia (absence of the nose) was observed. Cleft
lip and cleft palate were not observed. In addition, humerus
was found to be present in the anterior extremities and femur
in the posterior extremities, while radius, ulna, metacarpus
and phalanx bones were absent in the anterior extremities and
tibia, fibula, metatarsus and flank bones were absent in the
posterior extremities. The lower parts of the legs were in
contact with the ground were covered with skin. A diagnosis
of peromelia was made (Fig 1).

Figure 1. A case of peromelia (A) and cyclopia (B) in a
Simmental calf.A case of cyclopia and peromelia in a
Simmental calf

3. Discussion

Cyclopia is characterized by the lack of separation between
the right and left hemispheres of the brain and the inability to
properly divide the eye orbits into two cavities (13). It is
generally found in the form of two incompletely fused pupils
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in an orbit in the center (7, 14). In some cases of cyclopia,
there may be no eyeball present in the median orbit (8). In
many cyclopia cases, there is a proboscis-shaped piece of skin
in the dorsal aspect of the orbit (15). In the presented case, it
was observed that there was a skin opening in the center of
the head and the two eyeballs were located close to each
other. Arhinia and peromelia were formed. It is known that it
is open to speculation as the factors that cause the emergence
of multiple anomalies in calves are quite high (1). Peromelia
in calves has been reported to be extremely rare (2). In the
occurrence of congenital anomalies; in female and
insemination genetic defects due to close inbreeding between
the male animal used has been reported to be an important
cause (16). The spesific cause of more than one
developmental anomalies in this calf could not be determined.
It is unlikely that teratogenic plant alkaloids are responsible
for this calf's disfigurement. However, it is thought that the
formation of pregnancies with the bull, which has been in the
farm for a long time, and the consequent inbreeding caused
this.

In conclusion, in the case presented, a newborn calf with
cyclopia a case of peromelia was described. This case is
thought to occur due to inbreeding.
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Ozet: Son yiizyilda teknolojik gelismelerin artmast ile insanlar gidalardan daha fazla yararlanabilmeyi amaclamus ve yedikleri gidalara daha
fazla dikkat eden toplumlar olugsmaya baglamigtir. Saglikli bir hayat i¢in normal beslenmenin yani sira ekstra yararlar saglayan gidalara yonelim
baglamugtir. Bu yonelim sonucu da fonksiyonel gida kavrami ortaya ¢ikmig ve 6nemi gitgide artmaya baglamistir. Bu ¢alismada fonksiyonel
gida teriminin nasil ortaya ¢ikt1g1 ve fonksiyonel gida 6zelligi tasiyan bazi gidalarin 6zellikleri ile saglik agisindan etkileri yer almaktadir.

Anahtar Kelimeler: Fonksiyonel gida, besin, saglik, beslenme.

Functional Foods and Their Importance in Nutrition

Abstract: With the increase in technological developments in the last century, people aimed to benefit more from food and societies that pay
more attention to the foods they eat began to form. For a healthy life, in addition to normal nutrition, the tendency to foods that provide extra
benefits has begun. As a result of this orientation, the concept of functional food has emerged and its importance has begun to increase. In this
study, how the term functional food emerged and the properties of some foods with functional food characteristics and their effects on health

are included.

Keywords: Functional food, health, nutrition, food.

1. Giris

Son ylizyilda yagam kalitesinin yiikselmesine bagli olarak
tiiketicilerin bilinglendigi ve saglikli gidalara yoneldikleri
bilinmektedir. Giiniimiizde gidalar yalnizca agligi gidermek
ve giinlik besin 0gesi ihtiyaglarin1 karsilamak igin
tiiketilmemektedir. Bu durumda fonksiyonel gidalara 6nemli
roller diismektedir. Saglik ve bakim masraflar ile yasam
kalitesinden beklentilerin artig1 fonksiyonel gidalara olan
talebin artmasinda etkili olmustur (1). Yapilan bir ¢calismada
(2); fonksiyonel gidalar1 tiikketen ve neden tiikettikleri sorulan
kisilerin viicutta yararli bakterileri arttirmaya, zayiflamaya ve
ozellikle cocuklarin biiyiime ve geligmesine yardime1
olduklar1 i¢in tiikettikleri sonucu ¢ikmuistir.

1.1. Tarihgesi

Tibbin babast olarak kabul edilen Hippocrates’in dile
getirdigi “Besinler ilaciniz, ilaciniz besininiz olsun” sdzii
glinimiizde saglikli ve bilingli tiiketicilerin ideolojisi
olmustur. Daha sonralart ise Metchnikoff'un “Uzun Omiir
Teorisi” ozellikle balkan kdoyliileri tarafindan &zimsenerek

uzun siireli genglik ve saglikli bir yaglhilik ile iliskilendirilip
diyetlerinde kiiltiirli siitleri kullanmiglardir (3).

Tarihte fonksiyonel gidalara iligkin ilk arastirmalarin 1980’li
yillarda Japonya’da yapildigi bildirilmektedir. Sonrasinda ise
1984 yilinda baglayan ¢alismalar1 takiben “fonksiyonel gida
forumu” kurulmasiyla devam etmistir. Japon Saglik
Bakanlig1 “Saglik igin Spesifik Gida” terimini FOSHU (Food
for Spesific Health Use) olarak adlandirmistir. Bugiin bazi
akademik mecralar fonksiyonel gida yerine FOSHU ismini
kullanmay1 tercih etmektedir (4). FOSHU adi altinda
fonksiyonel gidalara yonelik bir onay sistemi kurulmustur.
Bu tip gidalarin onay sisteminden gegmesi i¢in gidanin saglik
iizerine olumlu etkilerinin olmasi ve bilimsel olarak deneysel
nesnel verilere dayanmas: gerekmektedir (5). Japonya’da
Yakult ad1 ile ilk fonksiyonel gida 1935 yilinda {iretilmistir
(6). Bir iiriinlin FOSHU lisansina sahip olabilmesi igin
saghigin korunmasina yardimci olmasi, gida ve ilgili
bilesenlerinin saglik iizerindeki etkileri beslenme bilimi
acisindan  saglam  temellere dayandirilma, giivenle
tiketilebilecegi kanitlanmis olma, giinlik beslenmede yer
alan bir gida olma gibi kriterleri saglamasi gerektigi
belirlenmistir (4, 7, 8).
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Fonksiyonel gida tiiketiminin diinya genelindeki tiiketim
durumuna bakildiginda Japonya, Cin ve Amerika’ dan sonra
Avrupa iilkeleri (Fransa, Almanya ve Italya) yer almaktadir

9).

Tiirkiye’de en ¢ok tercih edilen fonksiyonel gidalarin baginda
siit ve siit iiriinleri gelmektedir. Ozellikle de yogurt ve peynir
probiyotik, prebiyotik kaynagi besinlerdendir. Probiyotik ve
prebiyotik iiriinler fonksiyonel gida pazarinda oldukga fazla
bir yere sahiptir (10).

1.2. Tanimlan

Avrupa Komisyonu’nun (EC) Avrupa’daki Fonksiyonel Gida
Bilimi Ortak Eylem Projesi (FuFoSE), fonksiyonel gidalar
‘Besleyici 6zelligine ilaveten insan viicudu igin bir veya daha
fazla isleve sahip olan ya da fiziksel kosullar iyilestirmek
ve/veya hastaliklarin gelisme riskini azaltmak i¢in kullanilan
gida’ olarak tarif etmektedir. Fonksiyonel gidalar yiyecek
formunda olmali hap ve kapsiil seklinde olmamalidir (11).
Tiirkiye’de fonksiyonel gidalar terimi ilk kez 2004 yilinda
kabul edilen ‘5179 sayili Gidalarin Uretimi, Tiiketimi ve
Denetlenmesine Dair Kanun Hiikmiinde Kararnamenin
Degistirilerek Kabulii Hakkinda Kanun” ile birgcok metinde
yer almaya baglamistir (12).

Bir Dbagka kaynakta fonksiyonel gidalar; “sagligin
iyilestirilmesi ya da bazi hastaliklara maruz kalma riskini
azaltmasi gibi bir ya da daha fazla fizyolojik fonksiyonlari
meydana getirerek yararlt etki saglayan gidalar” olarak
tanimlanmaktadir (13).

1.3. Fonksiyonel Gida Bilesenleri
1.3.1. Probiyotikler

Probiyotikler latince “pro” ve “bios” kelimelerinden olusur
ve “yasam i¢in” anlamina gelmektedir. 1950°1i yillarda W.
Kollath ilk kez probiyotik terimini olusturmustur. 1965
yilinda Lilly ve Stillwell (14) probiyotik tanimini hayvancilik
sektoriinde kullanilan antibiyotik kullanimini sinirlandirma
amaciyla hayvan yemlerinde takviye gida olarak yapmustir.
Fuller ise 1989 yilinda “Mikrobiyal dengeyi saglayarak
konakgi sagligini etkileyen canli
mikroorganizma iceren  beslenme  destegi”  olarak
probiyotikleri tanimlamustir (15). En giincel olarak ise Diinya
Saghk Orgiitii (WHO) ve Amerika Gida ve Tarim Orgiitii’ne
(FAO) gore ise tanimu sdyledir; probiyotik bakteri uygun
miktarlarda kullanildiklarinda saglik i¢in faydali etkileri olan
yasayan mikroorganizmalardir (16).

hayvanin olumlu

Probiyotik mikroorganizmalarin biiyiik bir kismi1 Besin ve
flag Dairesi tarafindan [Food and Drug Administration
(FDA)] “genel olarak giivenli kabul edilir’” GRAS (Generally
Regarded As Safe) statiisiinde etiketlenen Lactobacillus ve
Bifidobacterium tiirleri igerisinde bulunmaktadir (17). En ¢ok
tercih edilen mikroorganizmalardan olan bu
mikroorganizmalar bagirsak biyotasmnin  pH degerini
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diislirerek patojen bakterilerin ¢ogalmasimmi engeller ve
bagirsak sagligmin korunmasina yardimci olur. Ayrica
probiyotikler alerjik reaksiyonlarin oOnlenmesinde, laktoz
intoleransinin semptom ve bulgularinin azaltilmasinda, rota
viriis gibi viral kaynakli ve antibiyotik iliskili ishallerin
onlenmesinde, karsinojenisite ve mutajenisiteyle iligkili
risklerin  azaltilmasinda ve  inflamatuvar  bagirsak
hastaliklarinin 6nlenmesinde 6nemli etkilere sahiptir (18).
Giinliik beslenmede en sik tiiketilen probiyotik kaynaklar
arasinda ise fermente siit tirlinleri (kefir vb.) bulunmaktadir
(16).

1.3.2. Prebiyotikler

Ik kez 1995 yilinda prebiyotik tanimi1 Gibson ve Roberfroid
tarafindan ‘kolonda bir ya da sinirli sayida olmak iizere farkli
farklt bakterilerin ¢ogalma ya da aktivitesini artirarak
konak¢inin  sagligini yonde etkileyen ve
sindirilemeyen besin bilesenleri’ olarak tanimlanmistir (18).
Uluslararasi Probiyotikler ve Prebiyotikler Bilimsel Dernegi
yakin zamanda prebiyotiklerin tanimini ve kapsamini gdzden
gecirmistir ve prebiyotikleri: 'saglik yarari saglayan konake1
mikroorganizmalar tarafindan segici olarak kullanilan bir
substrat' olarak tanimlamistir (19). Prebiyotikler; kanser,
metabolik sendrom ve tip 2 diyabet gibi gesitli
rahatsizliklarda  alternatif  terapOtik  ajanlar  olarak
kullanilmaktadir (20). Laktuloz, galaktooligosakkaritler
(GOS), fruktooligosakkaritler (FOS), inulin ve hidrolizatlari,
maltooligosakkaridler  ve nisastadir  (21).
Prebiyotikler  gastroenterit kanser  riskinin
azaltilmasi, lipit diizenlenmesi ve
kalsiyum-magnezyum acisindan
oldukca o6nemli besin bilesenleridir (16, 21). Prebiyotikler
cesitli sebze ve meyvelerde de bulunurlar. Bunlardan bazilart
sogan, sarimsak, pirasa, bugday, muz, bezelye, hindiba ve yer
elmasidir (22).

olumlu

direncli
tedavisi,
metabolizmasinin

emilimin  arttirilmasi

1.3.3. Sinbiyotikler

Sinbiyotikler “konakg¢inin gastrointestinal sisteminde yararli
mikroorganizmalarin hayatta kalmasini ve kolonizasyonunu
saglayan kombine edilmis probiyotik ve prebiyotik tirtinler”
olarak tanimlanmaktadir (23). Sinbiyotik bir {iriiniin
tilketilmesi ile birlikte hem probiyotik hem de prebiyotiklerin
saglik iizerine verdigi etkiden faydalanilir ve bu iiriinler son
yillarda biiylik ilgi uyandirmistir (24, 25). Yapilan
aragtirmalarda sinbiyotik ilave edilmis bebek mamalar ile
beslenen bebeklerde bagirsak biyotasinin iyilestirildigi ve
atopik dermatiti olan bebeklerde astim tiirevi semptomlarin
onlendigi saptanmistir (26).

1.3.4. Diyet Lifleri

Diyet lifleri suda ¢6ziinmeyen ve suda ¢odziinen lif gruplar
olmak iizere ikiye ayrilir. Seliiloz ve lignin suda ¢dziinmeyen
diyet lifleri arasindayken pektin suda ¢ozlinen lif grubu
arasindadir. Bazi diyet lifleri kolona kadar biiyiik oranda
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sindirime ugramadan ulagsmakta ve buradaki cesitli
mikroorganizmalar tarafindan substrat olarak
kullanilmaktadir (27).

1.3.5. Esansiyel Yag Asitleri

Viicutta gesitli metabolik faaliyetlerin saglikli bir sekilde
yiiriitiilmesinde elzem olan bazi bilesenler bulunmaktadir.
Bunlardan birisi de viicutta endojen olarak sentezlenemeyen
ve muhakkak ekzojen kaynaklarla alinmasi gereken esansiyel
yag asitleridir. Diyetle alinan esansiyel yag asitleri, ince
bagirsaklardan emildikten sonra dolasima katilarak hedef
dokulara ulagmaktadir (28). Linoleik asit (omega 6) ve
linolenik asit (omega 3) esansiyel yag asitlerindendir (29).
Omega 3 yag asitleri somon, ton, uskumru, sardalya gibi
baliklarda, soya ve kanola yaginda fazla miktarda iken omega
6 yag asitleri soya, ayc¢icek, misir ve aspir yaginda bulunur
(28). Bu yag asitlerinin koroner arter hastaligi riski ve serum
trigliserit ~ diizeylerini  azaltigim1  bildiren  ¢aligmalar
bulunmaktadir. Ayrica gebelik déneminde sinir dokusu dahil
yeni doku olusumu ve beyin gelisimi i¢in bu yag asitleri
gereklidir (29).

1.3.6. Konjuge Linoleik Asit

KLA, esansiyel bir omega-6 yag asidi olan ve 18 karbon
atomu ile iki ¢ift bag iceren linoleik asidin konjuge olmus ¢cok
sayidaki pozisyonel ve geometrik izomerlerinin karigimi i¢in
kullanilan ortak bir terimdir. Hayvansal kaynakli fonksiyonel
bilesen olan konjuge linoleik asit siit iiriinlerinde ve gevis
getirme Ozelligi olan hayvanlarin etlerinde bol miktarda
bulunmaktadir.  Antikarsinojenik  ve  antiaterojeniktir.
Eikosanoid yapimimi diizenler ve immiin yanit {izerinde
olumlu etkiler yapar (30).

1.3.7. Karotenoidler

Karotenoidler hidrokarbon karoten ve lutein pigmentlerinin
genel adidir. Karotenoidler sebze ve meyvelerde bol miktarda
bulunan fitokimyasal bilesenlerdir. Sari, turuncu ve yesil
renkli sebze ve meyvelere renk olusumunda etkilidirler.
Karotenoidler arasinda o ve B karoten, retinol, ksantofiller,
lutein ve likopen karotenoidler yer alir (31). Karotenler,
antioksidan oOzellikleri sayesinde serbest radikallere karsi
viicudu korumaya etkilidir (32).

1.3.8. Fenolik Asitler ve Flavonoidler

Flavonoidler igerdikleri karbon halkasindaki degisikliklere
gore alti ana gruba ayrilir ve bunlar flavonlar, flavanoller,
flavanonlar, katekinler, antosiyanidinler ve isoflavonlardir.
Flavonol grubundan olan quercetin maddesi soganda fazla
miktarda bulunur. Aymi sekilde ¢ay da quercetin ve
kaempferolden bakimimdan zengin bir gida maddesidir.
Fenolik bilesikler sebze ve meyvelerde bulunurlar. Ceviz,
kahve, nar, lizim, bdgiirtlen, yer fistig1, cay, zeytinyagi ve
keten tohumu polifenollerin en zengin oldugu besinlerdir (30,
31). Fenolik asitin kolesterol diisiiriicii etkisine ek olarak bazi

kanser tiirlerine (meme ve kolon) karsi da etkili oldugu
bildirilmistir. Ayrica flavanoidlerin serbest radikallere,
viriislere, iilsere, hepatotoksinlere, trombosit kiimelesmesine
ve iltihaba karsti da koruyucu etkinliginin oldugu
gozlemlenmistir (33).

1.3.9. Fitodstrojenler

Bitkisel kaynakli bir bilesik olan fitoostrojenler 6strojenik
etkilere sahiptirler (34). Fitoostrojenler izoflavonlar,
kumestanlar, lignanlar ve stilbenler olmak iizere dort farkli
grupta siralanir. Bu bilesiklerin dstrojenik, antidstrojenik,
antinflamatuar, antianjiogenetik ve antiproliferatif dzellikleri
bulunmaktadir (22).

1.3.10. Fitosteroller ve Fitostanoller

Bitki sterolleri kolesteroller ile benzerlik gostermelerine
ragmen farkli olarak metil, etil grubu veya c¢ift bag
barindirmaktadir. En yaygin steroller sitosterol, kampesterol
ve stigmasteroldur (35). Bitkisel kaynakli steroller hayvansal
kaynakli kolesterole gore bagirsaktan daha az emilmektedir.
Bitki sterolleri ya da stanolleri viicutta kolesterol emilimini
azaltarak kandaki toplam kolesterol ve LDL Kkolesterol
diizeylerini diigiirme 6zelligine sahiptir (36). Ek olarak bitki
sterolleri ateroskleroz gelisiminde rol oynayan vaskiiler diiz
kas hiicresinin  hiperproliferasyonunu  bloke ederek
antiateroskleroz aktivitede rol oynamaktadir. Ilave olarak
bitki sterollerinin antioksidan, antiiilser ve antifungoral
ozelllikleri de mevcuttur (37).

1.3.11. Vitaminler ve Mineraller

Vitaminler sagligm korunmasinda ve yasamin idame
edilmesinde gorev yapan pek ¢ok biyokimyasal tepkimenin
gerceklesmesinde rol oynamaktadir (29). Yagda eriyen bir
vitamin olan A vitamini karacigerde retinole doniistiiriiliip
retinol baglayict protein araciligi ile dokulara taginir. Bu
vitamin esas olarak monosit, makrofaj ve dendritik hiicrelerin
sitokin iiretimini bloke eder ve hiicre farklilagsmasini
diizenlemeye yardimci olur (38). Yine yagda eriyen bir
vitamin olan D vitamini, bagirsaktan kalsiyum ve fosfat
emiliminden sorumlu bir vitamindir. D vitamininin iki biiyiik
formu wvardir. Bitkilerde bulunan D (ergokalsiferol),
ergosterolun ultraviyole B 1sinlamasiyla iiretilirken Ds
vitamini (kolkalsiferol) insan viicudunda sentezlenmektedir.
D vitamininin multipl skleroz, otoimmun bozukluklar,
enfeksiyonlar ve kanser hastalig1 riskini azaltt1g1 bildirilmistir
(39).

1.4. Fonksiyonel Gidalar
1.4.1. Hayvansal Kaynakh Bazi Fonksiyonel Besinler
1.4.1.1. Siit ve Siit Uriinleri

Siit, laktoalbumin, laktoferrin, osteopontin, laktoperoksidaz,
lizozim, glikomakropeptid, kolostrinin, gibi biyoaktif
protein; gangliozidler, oligosakkaritler, musin gibi biyoaktif
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stit sekeri ve biyoaktif siit lipitlerini igerir. Siit i¢erdigi bu
bilesenler sayesinde antioksidan, antikanserojen,
antiinflamatuvar ve antibakteriyel etkiler olmak iizere birgok
pozitif etkiye sahiptir (31).

1.4.1.2. Probiyotik Peynir

Peynir besleyici degeri yiiksek olan gida iiriinlerinden biridir.
Ulkemizde peynir cesitliliginin fazla olmasi, biitiin yas
gruplarina yonelik {iriinlerin bulunmasi nedeniyle alternatif
bir probiyotik gida olarak endiistride yerini almistir.
Probiyotik mikroorganizma eklenerek satisa sunulan triinler
arasinda siizme peynir, Crescenza peyniri, kasar peyniri, taze
peynir ve beyaz salamura peynirler sayilabilir (30).

1.4.1.3. Fonksiyonel Dondurma

Dondurma; siit ve siit tirtinleri, stabilizatorler, emiilsifiyerler,
tatlandiricilar, renk ve aroma verici maddelerden olusan ve
tiiketicilerin begenerek tiikettigi bir gidadir. Tiiketicilerin
fonksiyonel besinlere yonelmeleri gida endiistrisinde
dondurmaya fonksiyonel ozellikler katma fikrini ortaya
¢ikarmistir. Dondurma probiyotik, prebiyotik ve sinbiyotik
eklenerek, yag ve/veya seker igerigi azaltilarak, antioksidan
kapasitesi artirilarak, peynir alti suyu, diyet lifi, omega-3 ve
mineral maddeler agisindan zenginlestirilerek fonksiyonel bir
gida haline getirilmeye calisilmaktadir (40).

1.4.1.4. Su Uriinleri

Deniz iirlinleri omega 3 yag asidi, vitaminler, proteinler,
biyoaktif peptitler, mineral maddeler ve enzimleri gibi
fonksiyonel bilesenleri icerdigi i¢cin Onemli fonksiyonel
besinler arasinda yer alir. Balik yaglari gida ve eczacilik
endiistrisinde en sik kullanilan fonksiyonel iiriinlerden biridir
(41). Su iriinleri uzun yillardir tiiketilen gidalar olmasina
ragmen beslenmede ne kadar 6nemli bir rolde oldugu son
yillara kadar tiiketiciler tarafindan bilinmiyordu. Artik
glinimiizde baligin besin degeri ve saglik agisindan 6nemi
anlagilmis ve spesifik olarak igerdigi esansiyel yag asitleri
sayesinde migren, romatizma, tansiyon, diyabet ve kolesterol
hastaliklarina  karst  koruyucu  o6zelliklerinin  oldugu
saptanmustir (42).

1.4.1.5. Fonksiyonel Etler

Hayvan rasyonlarina E vitamini, C vitamini, selenyum ve
soya proteini gibi maddeler eklenerek et ve et iirlinlerinin
fonksiyonelligi arttirilmaktadir (1). Et iriinlerinde en ¢ok
kullanilan laktik asit starter kiiltiirleri olan Lactobacillus
sakei, Lactobacillus curvatus, Lactobacillus plantarum,
Lactobacillus pentosus, Lactobacillus casei, Pediococcus
pentosaceus ve Pediococcus acidilactici’ dir. Bunlardan
Lactobacillus acidophilus ve Bifidobacterium lactis’in
kullanildig1 ¢alismada vakum veya %50 N2 + %50 CO;
oranlarinda olusturulan modifiye atmosfer paketleme
uygulanmis sucuklarda kullanimmin lipit oksidasyonu,
toplam aerobik bakteri ve Micrococcus/Staphylococcus
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miktarmi azaltifinin  gézlemlenmesi sonucunda bu iki
bakterinin de probiyotik kaynagi olarak kullanilabilecegi
bildirilmistir (43).

1.4.1.6. Fonksiyonel Yumurta

Dogal formda fonksiyonel bir gida olan yumurta A, D, E, K
ve B grubu vitaminleri ile demir, fosfor gibi mineraller
bakimindan oldukga zengindir. Insan saglig1 icin énemli bir
yer sahip olan yumurtanin omega 3 ile zenginlestirilmesi fikri
Freshlay Foods (Devon, Ingiltere) tarafindan ortaya
konulmustur. Ayrica yumurtalarin omega 3 yag asitleri,
selenyum minerali, D, E, B, ve folik asit vitaminleri ile
zenginlestirildigi de bilinmektedir. Belova firmasi tarafindan
tiretilen omega-3 ve E vitamini bakimindan zengin
yumurtalar 1997°de Belgika’da kullanilmaya baglanmis ve o
tarihten itibaren Ingiltere (1998’den itibaren), Hollanda
(1999°dan itibaren), Hindistan, Japonya ve Giiney Afrika’da
(2000’den itibaren) satisa sunulmustur. Su anda Avrupa’da
fonksiyonel yumurta iiretiminin bir yilda 50 milyondan fazla
oldugu diistintilmektedir (44).

1.4.1.7. Bal

Balin en iyi bilinen fonksiyonel 6zelligi antioksidan ve
antimikrobiyal 6zelligidir. Balda bulunan fenolik bilesikler,
amino asitler ve indirgeyici sekerli maddelerin antioksidan
ozelligi oldukca yiiksektir. Balin antimikrobiyal etkisi ise
enzimlerden kaynaklanmaktadir. Ayrica balda cesitli laktik
asit bakterilerine rastlanilmistir. Baldaki oligosakkaritler iyi
bilinen prebiyotiklerdir (45).

1.4.2. Bitkisel Kaynakli Baz1 Fonksiyonel Gidalar
1.4.2.1. Soya

Soya familya olarak “Leguminosae” familyasina aittir ve
soya proteini, omega 3 yag asitleri, diyet lifleri ve
izoflavonlar sayesinde Onemli fonksiyonel gidalardan bir
tanesidir (46). Soya %38-40 protein ve %18-20 yag oranina
sahip olmasindan dolay1 diger hububat ve baklagillerden daha
fazla protein ve yag icerigine sahiptir. Gida endiistrisinde
soya triinleri (soya, soya lifi, soya filizi) ve soyali protein
irlinleri (soya siitll, soya unu) yaygin olarak caligmalarda
kullanilmistir. Soya proteinleri viicutta kolesterol sentezini
azaltarak kardiyo wvaskiiler hastaliklar iizerinde koruyucu
ozellige sahiptir. Ayrica soyanin igerdigi besin Ogeleri
sayesinde bobrek hastaliklari, kemik sagliginin korunmasi ve
kansere kars1 koruyucu etkileri oldugu bildirilmistir (31).

1.4.2.2. Cay

Amino asitler (L-teanin), polifenoller (katesinler, teaflavin ve
izomerleri, tearubin) ve alkaloidler (kafein, teobromin,
teofilin) cayda bulunan ana bilesenlerdir. Cayda bulunan
teanin aminoasidinin kan basincini ve psikotik stresi azalttig1,
bagisiklik sistemini giiclendirdigi, serebral endotel hasar1 ve
felc riskini azalttigi bilinmektedir. Cayda bulunan
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polifenollerin ise alzheimer hastaligina kars1 koruyucu etkisi
oldugu, vaskuler oksidatif stresi ve endotel hasarini azaltarak
kardiyovaskuler hastaliklar {izerinde olumlu etkileri oldugu
ve metabolik sendrom tablosunda sagladigi
gosterilmistir (31).

iyilesme

1.4.2.3. Domates

Potasyum minerali ve A, B, C, E ve K vitaminleri bakimindan
domates oldukca zengin bir besindir (46). Ilave olarak
domates; karetonoidler ve polifenoller sayesinde 6nemli
fitokimyasallar1 igerir. Bu fitokimyasallar kardiyovaskuler
hastaliklar ve prostat kanseri gibi olusumlarin azalmasina
katkida bulundugu bildirilmistir (48).

1.4.2.4. Keten Tohumu

Keten tohumu a-linolenik asit ve iyi kalitede protein
icermesinin yani sira flavanoid, lignan ve fenolik asitler gibi
fitokimyasallarin da dogal kaynagidir. Keten tohumunun
toplam yag asidi igeriginin yaklagik %55°1 bir omega-3 tiirevi
olan a-linolenik asittir. Keten tohumunda bulunan proteinin
insulin salinimini artirarak kan glukozunun diizenlenmesinde
etkili oldugu diisiiniilmektedir. Lignan 6n maddesi olan
sekoisolarikiresinol diglukosid (SDG) keten tohumunda
yliksek miktarda bulunur. Bu lignanlarin timér olusumunu
azalttigr bilinmektedir. Ayrica lignanlar acil koenzim A
(CoA) kolestrol transferaz ve 7a-hidroksilaz enzimlerinin
diizenlenmesinde etkili olarak kolesterol metabolizmasinda
rol oynarlar. Dahasi bu lignanlar antioksidan, antibakteriyel,
antifungal ve antiviral etkiye sahiptir. Antioksidan,
antimikrobiyal ve antikanser 6zellikteki keten tohumunun bu
Ozelliklerini yapisinda bulunan fenolik asitlerden aldigi
saptanmistir (49).

1.4.2.5. Ceviz

Yurdumuzda tiim bolgelerde yetisen ceviz agacinin meyvesi
dzellikle kurutularak tiiketilmektedir (50). Igermis oldugu
biyolojik kalitesi yiiksek protein igerigi sayesinde vejetaryen
beslenmesinde 6nemli bir yere sahip olan cevize fonksiyonel
gida ozelligini kazandiran en Onemli bilesenlerden birisi
icerdigi yagdir. Cevizde bulunan yagin %72’si ¢oklu
doymamis yag asitleri, %181 tekli doymamis yag asidi ve
%10’u doymus yag asididir (51). Ceviz igerdigi E vitamini ve
diger antioksidanlar (polifenoller ve fitosteroller) sayesinde
fonksiyonel oOzellik gostermektedir. Antioksidan &zelligi
sayesinde bazi kanser tiirlerinde, kalp damar hastaliklarinda
ve yaslanmaya karsi ozellik  gosterdigi
bilinmektedir (52).

koruyucu

1.4.3. Mantarlar

Mantarlar son zamanlarda fonksiyonel bir gida kaynagi
olarak dikkatleri ¢ekmeye baslamigtir. Antioksidan,
antitimor, antiviral, bagisiklik arttirici, hipokolesterolemik
ve antimikrobiyal &zellikleri nedeniyle ilaglarin ve
nutrasotiklerin  kaynagi olarak bilinmektedir.  Mantarlar
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farmakolojik 6zelliklerine ilaveten besin degeri yiiksek olan
protein ve diisik olan yag/enerji miktariyla diyetlerde yer
almaktadir. Mantarlarda bulunan protein dokuz temel amino
asidin tamamini igermektedir. Bunlara ilave olarak terapdtik
gidalar arasinda sayildig1 icin hipertansiyon, diyabet,
hiperkolesterolemi ve kanser hastalarinin diyetlerinde de yer
almaktadir. Mantarlar ikincil metabolitler (asitler,
terpenoidler, polifenoller, seskiterpenler, alkaloidler,
laktonlar, steroller, metal kenetleme maddeleri, niikleotit
analoglar1 ve vitaminler), glikoproteinler, polisakkaritler ve
ozellikle de betaglukanlar olarak bilinen biyoaktif
bilesenlerin 6nemli kaynagidir (53, 54).

1.4.4. Fonksiyonel icecekler

Fonksiyonel gidalar kadar bir diger 6nemli fonksiyonel
iriinler ise i¢eceklerdir. Bunlardan bazilar1 A, C, E vitamini
ya da diger fonksiyonel bilesenler ile zenginlestirilmis
alkolsiiz i¢eceklerdir. Baz1 igecekler ise kolesterol diisiiriicii
(omega-3 ve soya), g6z sagligini koruyucu (lutein) ve kemik
sagligm1  koruyucu (kalsiyum ve inulun) fonksiyonel
bilesenlere sahiptir (1). Fonksiyonel i¢eceklere probiyotik ve
prebiyotik igecekler, fonksiyonel meyve ve sebze sulari,
fonksiyonel siit triinleri, sporcu igecekleri, fonksiyonel

caylar, fonksiyonel su 6rnek olarak verilebilmektedir (3).
1.5. Fonksiyonel Gidalarin Zararlari

Fonksiyonel gida pazari kiiresel gida giivenligi tehdidinden
fazlasiyla etkilenmektedir. Bu nedenle fonksiyonel gidalarin
faydalar1 yaninda zararlarin da olabilecegi endisesi
bulunmaktadir.  Bitkisel gidalarin  “dogal”  olarak
etiketlenmesi onun kesin olarak giivenilir ya da yan etkisinin
olmadig1 anlamma gelmemektedir. Bu gidalar biyolojik
olarak aktif olabilir ancak faydali etkilerinin yani sira toksik
etkileri, gida alerjisi ve gida intoleransi gibi hususlara dikkat
edilmelidir. Ornegin fonksiyonel gida bileseni olan beta
karoten fazla dozda alindiginda kusma, bas agrisi, kemiklerde
deformasyonlar gibi istenmeyen vyan etkilere sebep
olabilmektedir. Ayrica alkollii igeceklerden olan kirmizi
sarapta bulunan ve antioksidan bir bilesik olan resveratrol
fonksiyonel bileseninin olmasi sarabmn fonksiyonel gida
olarak taninmasi anlamina gelmemelidir (55).

2. Sonug

Son yillarda insanlar saglikli beslenme konusunda
bilinglenmekte ve gida endiistrisi de c¢esitli tiirde gidalar
tiretmek icin c¢aba harcamaktadir. Giliniimiizde kronik
hastaliklarda goriilen artis nedeniyle tiiketicilerin daha iyi bir
yasam siirdiirme istegi fonksiyonel gidalara olan talebi
arttirmistir. Fonksiyonel gidalarin tiiketime arz edilmeden
once saglik iizerine olumlu ve olumsuz etkilerinin bilinmesi
oldukga dnemlidir. Insan beslenmesinde fonksiyonel gidalart
“gelecegin gidalar1” olarak isimlendirmek miimkiindiir. Yeni
gastronomi trendleri bakimmdan degerlendirildiginde de
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fonksiyonel bir gida c¢esidi olan fermente yiyecek ve
iceceklerin popiilerliginin arttig1 gdzlemlenmektedir.

Tiiketicilerin fonksiyonel gidalarin artilar1 ve eksileri
konusunda egitilmeleri sayesinde kaliteli ve giivenilir gida
satin almalarinin yaninda iyi bir beslenme aligkanlig1 da
tiiketicilere saglanmis olacaktir.

Sonug olarak fonksiyonel gidalari, insan sagligini korumada
ve kronik hastaliklarin tedavisinde yardimci unsurlar olmak
icin tasarlanan gida maddesi olarak tanimlamak miimkiindiir.
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Abstract: Theileriosis is a type of blood protozoan infection caused by the transmission of Theileria spp. species in tropical and subtropical
regions by ticks belonging to the Ixodidae family. The disease progresses with high mortality and morbidity especially in ruminants. While
deaths are observed in the first few days in peracute cases, it is reported that deaths are observed within the first weeks in acute cases. Fever,
lymphadenopathy, respiratory distress, increase in heart rate, decrease in milk yield, weight loss, abortion and death are observed in patients.
Buparvaquone, an antiprotozoal drug of the hydroxynaphthoquinone group, is the single most effective drug used in the treatment of the disease.
Although it is recommended to use 2.5 mg/kg intramuscularly against Theileriosis infection in cattle, it can be used in the same dosage regimen
2-3 days later if deemed necessary by the physician. It is not recommended to use the drug together with vaccines, as local reactions may occur
in the area where it is applied. The drug is generally considered safe. Since the disease is transmitted by ticks, it is recommended to add an
ectoparasitic agent to the treatment protocol. In this review, it has been tried to give information about the use of buparvaquone in the treatment
of Theileriosis.

Keywords: Buparvaguone, theileriosis, animal species

Buparvaquone

Ozet: Theileriosis tropikal ve subtropikal bolgelerde Theileria spp. tiirlerinin Ixodidae ailesi ait kenelerle nakledilmesi sonucu gelisen bir tiir
kan protozoonu enfeksiyonudur. Hastalik 6zellikle ruminantlarda yiiksek mortalite ve morbitide ile seyretmektedir. Perakut vakalarda ilk birkag
giin i¢inde Sliimler gozlenirken, akut vakalarda ilk haftalar iginde 6liimler gézlendigi bildirilmektedir. Hastalarda ates, lenfadenopati, solunum
giicligii, kalp atim sayisinda artig, siit veriminde azalma, canli agirlik kaybi, abort ve dliimler gozlenmektedir. Hidroksinaftokinon grubu
antiprotozoal ila¢ olan buparvakuon hastaligin tedavisinde kullanilan en etkili tek ilagtir. Sigirlarda, Theileriosis enfeksiyonuna kars1 ilacin 2.5
mg/kg dozunda kas i¢i kullanimi 6nerilmekle birlikte hekim tarafindan gerekli goriildiigli durumda ise 2-3 giin sonra ayni dozaj rejiminde
kullanilabilir. Uygulandig1 bolgede lokal reaksiyonlar olusabileceginden ilacin asilarla birlikte kullanilmas1 nerilmemektedir. Ilag genel
anlamda giivenli kabul edilmektedir. Hastaligin kenelerle nakil edilmesi nedeni ile tedavi protokoliine bir ektoparaziter ajan eklenmesi tavsiye
edilmektedir. Bu derlemede Theileriosis tedavisinde buparvakuon kullanimi hakkinda bilgiler verilmeye caligiimigtir.

Anahtar Kelimeler: Buparvakuon, theileriosis, hayvan tiirleri

administered at a single application site in a maximum
volume of 10 milliliters (mL). Additionally, its use in
conjunction with vaccines is not recommended (1). In cases

1.Introduction

Buparvaquone is a hydroxynaphthoquinone  group

antiprotozoal drug. The drug is licensed for use at a dose of
2.5 mg/kg (Intramuscular (IM), a second application may be
given 2-3 days later if necessary) in the treatment of
Theileriosis in cattle (1, 2, 3). It is believed that the drug
exerts its effects by inhibiting the respiratory system activities
of parasites (4). The infection is associated with high
morbidity and mortality, especially in cultured breed cattle.
The causative agent is transmitted through ticks belonging to
the Ixodidae family to ruminants (cattle, sheep, goats,
buffalo), and equids (5). It is stated that it is detected in milk
35 days after the drug is applied (6). Local reactions can occur
at the site of drug administration. The drug should be

where the benefit-risk balance is considered in pregnant
cattle, a decrease in the drug's effectiveness has been reported
(7). In a study investigating the safety of the drug in sheep, it
was indicated that there were no changes in hematological
parameters, no effects on malondialdehyde, total antioxidant
status, catalase, glutathione peroxidase, superoxide
dismutase, creatine kinase-MB, lactate dehydrogenase,
alanine aminotransferase, aspartate aminotransferase,
gamma-glutamyltransferase, total protein, albumin, globulin,
and creatinine levels. However, troponin | and blood urea
nitrogen levels increased, and fluctuations in alkaline
phosphatase levels were observed. The drug was generally
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considered safe (8). In a study assessing its reliability in
sheep, the combined use of antiprotozoals (imidocarb +
buparvaquone + oxytetracycline) did not induce oxidative
stress, cardiotoxicity and nephrotoxicity (9). In the treatment
of the disease, ectoparasitic application should also be
considered for tick control. However, the development of
resistance to drugs used against certain ticks has been
observed. Resistance to buparvaquone, the sole option for the
treatment of Theileriosis today, has been identified. This
resistance is attributed to mutations in the cytochrome b (cyto
b) gene. This situation further exacerbates the severity of the
disease (10). In a study involving T. annulata, it has been
suggested that buparvaquone's failure in treatment may be
due to one or multiple mutations in the cyto b gene (11).

2. Usage of buparvaquone

Theileriosis develops as a result of the transmission of
Theileria spp. species by ticks in tropical and mediterranean
regions. Specifically, the main agent for ruminants is noted to
be the T. annulata species. In the parasitic cycle, it is stated
that the agent infects erythrocytes most recently and clinical
signs are observed approximately 10-25 days after the agent
is transmitted by ticks (12). It is reported that in infection,
decrease in hemoglobin, hematocrit and erythrocyte count
(13), oxidative stress (14), fever, lymphadenopathy,
respiratory distress, increase in heart rate, decrease in milk
yield, live weight loss, abortion and deaths are observed. In
peracute cases, death occurs within 3-5 days, while in acute
cases, deaths are reported within 1-2 weeks. The use of
buparvaquone, which is used in the treatment of the disease,
is said to reduce deaths by up to 10% (12). When the disease
is treated early in cattle, treatment success increases (15). The
recommended single dose has also been shown to be effective
(16). Supportive treatments for anemia and secondary
infections have been suggested to enhance treatment efficacy
(17). In natural infections with Theileria spp. in different ages
of cattle, the use of buparvaquone in conjunction with
oxytetracycline has been reported to achieve a treatment rate
of over 90% (18). Another study found it to be effective at a
rate of 95.2% (19). Successful treatment of Theileriosis in
cattle and calves has been reported using buparvaquone,
meloxicam, vitamins (A, E, D3, Biotin), and flumethrin
applications (20). It has been reported that buparvaquone and
oxytetracycline treatment was effective in cattle infected with
Theileria orientalis, but complete elimination was not
achieved (21). It was stated that a one-month-old Kankrej
breed cattle calf did not suckle milk, was stagnant, and had
fever, and Theileriosis was diagnosed by blood examination.
In the treatment, it has been stated that buparvaquone is not
used in severely anemic animals because it may cause sudden
death, and treatment is performed with dexamethasone,
oxytetracycline and blood transfusion (22). It has been
reported that the treatment of a 3-month-old calf infected with
Theileria  orientalis was started with  parenteral
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buparvaquone, vitamins (A, E, D3) and calcium
borogluconate, and 2 days later, oxytetracycline,
metoclopramide and liquid-electrolyte therapy were

administered and the patient recovered (23). It has been stated
that buparvaquone, meloxicam, nandrolone and vitamin
applications were used in the treatment of Theileriosis calves
with bilateral exophthalmos (24). In another case report, it
was stated that exophthalmos was observed in a calf with
Theileriosis, and in the treatment, oxytetracycline,
meloxicam, chlorpheniramine, multivitamin and
deltemethrin were applied in addition to buparvaquone
application every 2 days (25).

The presence of Theileriosis infection has also been observed
in other animal species, and the use of buparvaquone for
treatment has been suggested. Theileriosis in buffalo can lead
to high rates of mortality if left untreated, and it is noted that
drugs used in cattle can also be used in buffalo (26). A study
in buffalo reported that adults are more heavily infected than
youngs, and blood parameters become abnormal.
Buparvaguone application was found to be highly effective in
treatment (27). Early buparvaquone treatment was found to
be highly effective in infected buffalo, while its efficacy
decreased when administered in later stages of the disease
(28). Theileriosis has also been reported in sheep, causing
significant economic losses. In naturally infected sheep,
buparvaquone was found to be around 90% effective in
comparison to oxytetracycline, which was effective at around
30% (29). It has been suggested that buparvaquone could
partially affect Theileria equi infections in horses (30). In a
case report, it was stated that a 10-year-old horse with T. equi
infected Theileriosis had colic, stagnation, anorexia, runny
nose, dark yellow urine, fever, increased pulse rate, icteric
conjunctiva, anemia, leukopenia, thrombocytopenia. It has
been reported that the horse recovered with buparvaquone
(2.5 mg/kg, IM) as well as supportive treatment (31).
Theileriosis has been reported in antelope (32) and deer (33),
and the use of buparvaquone for treatment has been
suggested.

Studies have also examined the effectiveness of
buparvaquone against different parasites. In dogs infected
with Babesia vulpes, it has been suggested that buparvaquone
(5 mg/kg, IM, 2 doses with a 2-day interval) in combination
with azithromycin (10 mg/kg, oral, once a day, 10 days) could
be partially effective (30). In a study, infection caused by
Haemoproteus columbae was detected in a pigeon. It was
stated that anorexia, depression and torticollis were observed
in the pigeon and multivitamin and deltamethrin were applied
in addition to buparvaquone in the treatment (34). In vitro
studies have shown that buparvaquone is effective against
Leishmania pathogens. However, its low solubility limits its
effectiveness in vivo. Different formulations have been
developed to overcome this limitation. Research using lipid
carriers has indicated similar effects to miltefosine (35). It has
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been suggested that buparvaquone could be an alternative
option for treating fungal infections caused by Sporothrix
brasiliensis in cats (36).

3. Conclusion

Theileriosis is a blood protozoan infection transmitted by
ticks and can lead to significant mortality rates, especially in
ruminants, if left untreated.

Currently, buparvaquone remains the first and most important
option for treatment, maintaining its significance.

The drug should be administered as early as possible. In cases
of necessity, a second application should be considered 2-3
days later.

Providing supportive treatment with oxytetracycline,
nonsteroidal anti-inflammatory drugs, vitamins (A, E, D3,
Biotin), and fluid support can enhance the success rate of
treatment.

Alongside Theileriosis treatment, ectoparasitic treatment
must also be administered.

However, the emergence of buparvaguone resistance
observed in recent years among pathogens could lead to
serious problems in the future.
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Abstract: The domesticated species of goats, scientifically known as Capra hircus, have played a significant role in several aspects of human
existence over the course of history. These animals have made notable contributions to both individual animal breeding practices and the overall
national economy. Their unique meat and milk production, along with their ease of cultivation, distinguish them as noteworthy entities. Goat
milk is widely favored by customers due to its hypoallergenic features, low lactose levels, and rich composition. As a result, goat breeding has
been prevalent in our country and globally for milk production in animal husbandry. In accordance with the purpose of achieving a high-quality
final product, which constitutes a primary goal of animal husbandry, it is important to possess knowledge on certain attributes relating to the
animal under cultivation. The aforementioned characteristics pertain to the anatomical composition of the udder and the physiological processes
involved in lactation in goats. Lactation is a complex process consisting of three phases in total, including a number of morphological and
endocrinological changes, which can be affected by factors such as time of birth, number of litters, and ration. Lactation process consists of
mammogenesis, which includes morphological changes that make the mammary gland suitable for the lactation period, lactogenesis, which
includes the secretion of milk, and galactopoiesis, which ensures the continuity of lactation. The average lactation period in goats is 210-280
days, the highest milk yield in lactation is formed between the 35-60th days and the highest lactation milk yield is observed following the 3-
4th birth. In this review, the structure and development of the udder in goats, the components of lactation physiology, the initiation and
maintenance of lactation and the factors affecting the ongoing lactation will be discussed.

Keywords: Galactopoiesis, Goat, Goat Milk, Lactation Physiology, Mammogenesis

Kecilerde Laktasyona Fizyolojik Bir Bakis

Ozet: Insanlik tarihi boyunca hayatimizin birgok noktasina katkida bulunmus gerek bireysel hayvan yetistiriciligi gerekse iilke ekonomisine
katki saglamasi hususundan pek fazla etkisi bulunan kegiler (Capra hircus), et ve siit verimleriyle ve kolay yetistirilebilir olmasi agisindan 6n
plana ¢ikmaktadir. Ozellikle hipoalerjneik 6zellikleri, diisiik laktoz diizeyleri ve zengin igerik kompozisyonu ile tiiketiciler arasinda siklikla
tercih edilen kegi siitii iilkemiz ve global hayvan yetistiriciliginde siit tiretimi agisindan kegi yetistiriciligini yayginlastirmistir. Hayvan
yetistiriciliginin ana hedeflerinden biri olan kaliteli son {iriin elde etme gayesi dogrultusunda ise yetistirilen hayvanin birtakim &zelliklerinin
bilinmesini 6nem arz etmektedir. Bu 6zellikler s6z konusu durumda kegilerde memenin yapisi ve laktasyon fizyolojisidir. Laktasyon toplamda
ti¢ fazdan olusan, bir takim morfolojik ve endokrinolojik degisimleri biinyesinde barindiran, dogum zamani, yavrulama sayisi, rasyon gibi
faktorlerden etkilenebilen kompleks bir siiregtir. Bu siire¢ ise meme bezinin laktasyon periyodu igin elverisli hale gelebilmesini kapsayan
morfolojik degisimleri igerin mammogenezisi, siit salgisinin olusturulmasini kapsayan laktogenezi ve laktasyonun devamliligini saglayan
galaktopoezden olusmaktadir. Kegilerde ortalama laktasyon periyodu 210-280 giin olup, laktasyonda en yiiksek siit verimi 35-60. giinler
arasinda sekillenmekte ve en yiiksek laktasyon siit verimi 3-4. dogumu takiben gozlemlenmektedir. Bu derlemede ise kegilerde memenin yapist
ve gelisimi, laktasyon fizyolojisinin bilesenleri olan laktasyonun baslamasi ve devamliliginin saglanmasi ve devam eden laktasyona etkili olan
faktorler ele alinacaktir.

Anahtar Kelimeler: Galaktopoez, Ke¢i, Keci Siitii, Laktasyon Fizyolojisi, Mammogenez

1. Giris recent years, there has been a growing recognition of the

significance of dairy goats, both domestically and

Goats, which are thought to be the first domesticated animal
in the Mesopotamia region about 10,000 years ago, caused
various effects on the lives of people in the Sumerians, one of
the first civilizations of this region, in many different aspects.
Today, this impact is considered from the perspective of milk
production, especially in the Middle East region, where goats
are an important component of the agricultural system and
contribute to the national economy of the country (1-3). In

internationally, owing to the escalating global demand for
goat milk products intended for human use. The dairy goat
sector has experienced significant growth, with worldwide
goat farming exhibiting exponential expansion in the past
decade, surpassing that of sheep and cattle. Goat milk
accounts for 2.3% of the overall worldwide milk output,
which is comparatively greater than the proportion attributed
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to sheep milk, standing at 1.3%. Small ruminants, such as
goats, possess several benefits in comparison to bigger cattle.
Several advantages of keeping goats include their cost-
effectiveness, their ability to utilize domestic waste resources,
their lower feed and water requirements, and their overall lack
of need for specialized housing. (4). Mahatma Gandhi himself
referred to these animals as "The Poor Man’s Cow " due to
the aforementioned attributes. (5).

When selecting a goat breed, individuals consider factors
such as desired vyield characteristics and the breed's
compatibility with the local geographical conditions, given
the vast array of goat breeds available worldwide (6). When
considering the classification of goat breeds, particularly in
relation to yield, an important criterion in breeding, they can
be classified as "Dairy Breeds, Meat Breeds, Fiber Type
Breeds, Combined Yield Breeds, and finally, Fur and
Combined Breeds." (7). The categorization of goats
according to their productivity is determined by their breed
type. Dairy breeds such as Saanen, Toggenburg, Malta,
Damascus, White German, Nubi, and Kilis are classified
based on their milk output (8). The breeds that are extensively
raised in our nation include the hair goat, Ankara Angora
goat, Kilis goat, Saanen, German Pied Noble Goat,
Toggenburg, German White Noble, and Damascus (Aleppo)
goat. (7, 8). Within this group of breeds, the Hair goat has an
average lactation milk output ranging from 121 to 134 kg.
The duration of the lactation period for this breed spans
between 212 and 213 days, while the average daily milk yield
during lactation falls within the range of 0.57 to 0.62 kg. The
Kilis goat has an average lactation milk output ranging from
204 to 247 kg, with an average lactation length spanning from
196 to 231 days. Furthermore, the average daily milk yield
during lactation is seen to be within the range of 0.88 to 1.27
kg. (9, 10). Certain goats have the capacity to provide milk
exceeding 2,000 kg throughout a single lactation period. Goat
breeds with high milk production potential have the capacity
to generate around 10 kg of milk each day throughout the
lactation period (2).

The average composition of goat milk states that it includes
13.2% total dry matter, including 4.5% fat, 3.6% protein,
4.3% lactose, and 0.8% minerals. In comparison to cow and
human milk, goat milk exhibits somewhat higher levels of
total dry matter, fat, total protein, casein, and minerals, while
displaying lower levels of lactose. (11, 12). Goat milk has
elevated concentrations of calcium (Ca), phosphorus, and
potassium (P). The present study has documented that the
levels of total dry matter, fat, protein, calcium, and
phosphorus in milk derived from various goat breeds exhibit
greater concentrations throughout the first and final stages of
lactation. There have been reports indicating an inverse
relationship between the quantity of milk and the
concentration of solids within the milk. (13). The
organoleptic qualities and minimal allergenic components of
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goat milk have garnered attention in industrialized nations.
Dairy goat farming possesses distinctive attributes that render
it a noteworthy choice for emerging nations. (14).

To ensure an efficient and sustainable milk production, it is
important to possess a comprehensive understanding of the
fundamental physiological mechanisms involved, as well as
the judicious selection of animals exhibiting desirable yield
characteristics. The physiological parameters under
consideration encompass mammogenesis, the reproductive
cycle and gestation duration, as well as galactogenesis and
lactogenesis.

The endocrine system has significant importance in
mammary development (mammogenesis), the beginning of
lactation (lactogenesis), and the sustenance of milk
production (galactopoiesis), surpassing the influence of most
other physiological systems. Lactogenesis is commonly
characterized as a two-stage phenomenon, wherein stage |
denotes the partial development and functional specialization
of the glandular epithelium in the mammary glands during the
final trimester of pregnancy. Phase Il encompasses the
finalization of cellular differentiation in the vicinity of the
periparturient phase, which aligns with the initiation of
substantial milk production and release. The following are the
fundamental developmental phases that encompass the
physiological prerequisites that ultimately culminate in the
process of lactation (15).

2. Morphological Structure of Mammary Gland and
Mammogenesis in Goats

2. 1. Morphological and Histological Structure

The udder in goats is situated in the inguinal area and presents
as a singular glandular mass, which is separated into two
halves by the median inter-mammary groove. Each half,
separated by the groove, possesses a single teat and udder
component (16). The goat's udder consists of a sole udder
unit, with each half including the glandular parenchyma
(corpus mammae), duct system (papillae mammae), and
cavity system (sinus lactiferi) (16, 17).

The mammary tissue of goats is a complex tubuloalveolar
gland formed by lobules that are divided by connective tissue
septae. The acinus, which is the site of secretion, is
characterized by a layer of simple cuboidal epithelial cells.
These cells have spherical nuclei that are located towards the
center of the cell. The height of these cells varies significantly
throughout different periods of secretory activity. The upper
regions of these cellular structures are characterized by the
presence of lipid vacuoles and protein granules that exhibit
movement towards the outermost layer (18, 19).

3. Mammaogenesis in Goats

During the developmental stage spanning from infancy to
adolescence, the mammary gland experiences a significant
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developmental change, ultimately acquiring the necessary
capabilities for milk production (20). During this period,
mammaogenesis exhibits allometric growth. The mammary
gland has a phase of uninterrupted growth at the age of three
months, exhibiting a significantly accelerated rate compared
to other bodily regions. During the onset of puberty, there is
an accompanying rise in the development of milk ducts and
the proliferation of adipose tissue. The initial stage before
puberty is distinguished by the elongation and reinforcement
of the ducts located inside the core of the emerging tissue
(21). It is of utmost significance to provide adequate space
and offer required support for the maturation of the ducts,
which in turn plays a crucial role in supporting the structural
foundation of the alveolar system. The development of the
mammary gland exhibits isometric growth starting with the
onset of puberty (22). The proliferation of the mammary duct
system is induced by estrogen, together with growth hormone
and adrenal steroids. Furthermore, the hormones
progesterone (Pg) and prolactin plays a crucial role in the
formation of alveoli (17). During the initial stages of
pregnancy, the development of the mammary gland exhibits
allometric expansion, which may be attributed to the
exponential augmentation in the quantity of cells and ducts.
The ducts undergo elongation, leading to the replacement of
the adipose tissue in regression by the lobulo-alveolar system.
During the last stages of pregnancy, there is an observed
increase in the volume of epithelial cells, accompanied by the
development of distinct structures that facilitate protein
synthesis and enable heightened secretion (23, 24). During
this crucial phase, the augmentation in mammary gland
weight is linked to the growth in body weight because of an
increase in adipose tissue (25, 26). However, there exists an
inverse relationship between the growth of mammary
parenchyma and the rise in body weight. According to the
findings of Harrisson et al. (27), it has been demonstrated that
excessive body weight growth during the initial year of birth
has a lasting detrimental effect on the mammary parenchyma.
The aforementioned adverse impact does not manifest itself
subsequent to the onset of puberty. Hence, any modification
in the process of mammogenesis during the prepubertal
phase, achieved by either low or high amounts of feeding or
hormonal manipulations, has a significant influence on the
future milk supply during the first lactation (28).

4. Reproductive Cycle, Pregnancy and Initiation of
Lactation in Goats

Goats exhibit a reproductive pattern that is influenced by the
yearly fluctuations in photoperiod. Various environmental
and physiological elements, including as latitude and climate,
food availability, breed, and husbandry system, exert an
impact on the initiation and duration of reproductive cycles
throughout the year (29). Goats, being animals with seasonal
reproductive patterns, exhibit sexual behavior during the
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autumn season, coinciding with the period of decreasing
daylight hours at higher latitudes (30).

The estrous cycle includes several morphological and
physiological changes occurring in the ovaries and genital
tract. These changes ultimately culminate in the manifestation
of estrus (the period of male receptivity) and ovulation, as
well as the preparation of the genital tract for mating,
fertilization, and embryo implantation (29). The mean
duration of the sexual cycle is 21 days and the length of estrus
typically spans around 36 hours, however it can range from
24 to 48 hours. This variability is influenced by factors like
as age, breed, season, and the availability of male breeders.
The embryo migrates to the uterus around 4-5 days following
conception and then undergoes implantation within a time
frame of 18-22 days after the initiation of estrus. The mean
pregnancy period is 149 days; however, there is observed
variability of a few days across different breeds (29).

During the second trimester of pregnancy, dry period, the
udder experiences a decrease in volume and a significant
reduction in fluid content. During the latter stages of
pregnancy, often occurring between 12 to 15 weeks, there is
an observable augmentation in udder size, accompanied by
the presence of extracellular fluid and a substance like milk
that may be obtained from the udder. Simultaneously, there is
an elevation in immunoglobulin levels leading up to the
moment of birth. The secretion of colostrum, characterized by
a high concentration of immunoglobulins and low levels of
citrate and lactose, starts at the calf's initiation of suckling
subsequent to birth. The concentration of immunoglobulin in
the produced fluid undergoes a progressive decline, while
there is a concurrent increase in lactose, citrate, and
potassium levels. This transition from colostrum to milk is so
facilitated (31).

5. Lactogenesis

Lactation physiology includes the development of the
mammary gland from the fetal period to maturity, its further
development during pregnancy and the onset of lactation, and
the accompanying metabolic and behavioral adaptations.
During the initial stages of pregnancy, the endocrine system
experiences significant alterations. The regulation of
mammary gland development involves several factors,
including growth hormone, prolactin, adrenocortical steroids,
estrogens, and progesterone. (32).

The concept of "lactogenesis" was initially established to
describe the impact of lactogenic hormones on the mammary
gland and the resulting histological alterations in the tissue.
Later, lactogenesis came to be used to describe the formation
of abundant milk during parturition and the emergence of
structures involved in milk synthesis and secretion.
Lactogenesis encompasses a biphasic procedure, comprising
stage-1, whereby the synthesis of precolostrum occurs, and
stage-11, which involves the secretion of significant amounts
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of milk at parturition. Lactogenesis refers to the biological
process wherein mammary alveolar cells undergo enzymatic
and cytological differentiation, leading to the release of milk.
This process begins during early pregnancy and continues
until full lactation is achieved following parturition (33).

Phase | of lactogenesis is distinguished by the enzymatic and
cytological differentiation of alveolar cells. This phase may
be further split into four distinct phases: the proliferative
phase, which occurs during early pregnancy; the secretory
differentiation phase, which takes place in mid-pregnancy;
the secretory activation phase, which happens after
parturition; and finally, the lactation phase. The proliferative
phase commences promptly following pregnancy and is
distinguished by a vigorous proliferation of mammary
epithelial cells, as evidenced by increased DNA content. The
process of epithelial cell proliferation leads to the formation
of alveolar lobules, which then undergo further development
into lobules that are capable of secreting milk. During the
latter stage of pregnancy, there is a reduction in cell growth
and an establishment of a network of small blood vessels
around each alveolus (33).

The process of secretory differentiation commences during
the latter part of gestation and is distinguished by a series of
biochemical alterations that are essential for the
commencement of milk production. These alterations include
heightened activity of enzymes involved in lipid synthesis.
The period of secretory activation is distinguished by the
initiation of copious milk production, which occurs
concurrently with a drop in plasma progesterone levels and a
rise in prolactin levels following labor. Elevated levels of
prolactin stimulate the transcription of genes responsible for
milk protein synthesis. During this phase, the mammary
epithelium undergoes cytological alterations that are
characterized by an augmentation in the quantity of Golgi
apparatus and endoplasmic reticulum. These organelles play
a crucial role in the synthesis of diverse milk components.
Lactose, protein, citrate, and salt have been identified as
potential indicators of the secretory activation phase (33).

Continuous production of milk is an important characteristic
of the last stage of lactogenesis. The phase may be further
categorized into two sub-phases: the colostral phase,
characterized by the presence of high levels of
immunoglobulins and immunological defense proteins in the
milk, and the mature secretory phase, characterized by a
significant increase in milk production to sustain the baby
during the breastfeeding period. The duration of lactation
typically ranges from 210 to 280 days, with variations found
among different breeds. The highest milk production during
lactation is often recorded between 35 and 60 days after
giving birth (34-37). The highest milk yield is observed in the
lactation period following the 3rd or 4th birth (38, 39). The
lactation phase is divided into 3 periods. These periods
include 0-6 weeks covering the first lactation period, 6-27
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weeks covering the middle lactation period and the last
lactation period including the periods after the 27th week
(Figure 1) (40). The lactation period is distinguished by the
emergence of a dynamic enzymatic system responsible for the
production of milk constituents and the fast growth of the
mammary epithelium (33).

Colostral Phase : b
Early Lactation / \

Lactogenesis Phase

Lactation
Mid Lactation

Lactogenesis Phase I

Dry Period

Late Lactation

Figure 1. Phases within a Lactation Period
5. 1. Hormonal Control of Lactogenesis

Prior research has demonstrated that different hormones are
involved in the process of lactogenesis. The hormones in
question include prolactin, insulin, estrogen, progesterone,
thyroid hormones, and prostaglandins. Insulin is involved in
the regulation of energy distribution at the initiation of
lactation (33). Prolactin, growth hormone, and insulin are
important components of the lactogenic hormone complex,
which regulates lactogenesis. Prolactin activates milk protein
gene transcription by binding to plasma membrane receptors
on mammary secretory alveolar cells (33). Prolactin levels
increased 0.5-1 day before birth (41). Breast manipulation
like sucking or milking releases prolactin (17).

As parturition approaches, estrogen levels rise, possibly
affecting lactogenesis. Oestrogen induces lactation via
increasing prolactin or the mammary glands prolactin
receptor (33). Davis et al. found an increase in unconjugated
estrogen three days before parturition in 1975. This rise
continued until parturition, then dropped rapidly to barely
detectable levels (41).

According to reports, there is evidence suggesting that
progesterone has a role in the suppression of lactation.
Additionally, it has been shown that progesterone levels drop
during pregnancy-induced lactation, while there is a
simultaneous increase in milk production. This suggests a
correlation between lower progesterone secretion during the
peripartum period and the onset of profuse milk secretion.
Progesterone further inhibits the production of typical milk
constituents, including casein, lactose, and a-lactalbumin.
The mechanism hypothesized for the suppression of
lactogenesis by progesterone involves the inhibition of either
prolactin receptors or glucocorticoid receptors in the
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mammary gland (33). At the end of pregnancy, progesterone
inhibits mammary cells' response to prolactation hormones
such prolactin, placental lactogen, and adrenocorticosteroids.
Decreased progesterone levels start profuse milk production
(41). The lactogenic impact of thyroid hormones is likely
attributed to their influence on the metabolic processes of the
mammary gland and the absorption of nutrients into the
mammary gland. Lactation increases the conversion of
thyroxine to triiodothyronine, the physiologically active
thyroid hormone, in the mammary gland. This keeps the
mammary gland euthyroid, unlike other tissues. (33). Last but
not least, prostaglandin F2a (PGF2a) acts as a local autocrine
lactogenic inhibitor during the late stages of pregnancy.
Immediately prior to delivery, there is a fast decline in the
concentration of PGF2a in the venous blood. This decline is
attributed to the metabolic activity of the mammary
epithelium, which converts PGF2a into 13,14-dihydro-15,
keto-PGF2o (DHKPGF22a). As a result of this metabolic
process, the mammary gland is able to restore its secretory
function. PGF20 is also accountable for regulating the
permeability and secretion rate of mammary epithelial cells
(33).

6. Galactopoiesis

Galactopoiesis refers to the process of sustaining and
preserving ongoing lactation. The terminology is frequently
employed to denote the enhancement of preexisting lactation.
The maintenance of lactation is facilitated by a group of
hormones referred to as galactopoietic hormones. The
aforementioned hormones encompass prolactin, growth
hormone, thyroid hormones, and glucocorticoids. Prolactin is
the primary hormone responsible for stimulating milk
production in rabbits, humans, and dogs. However, in
ruminants, such as goats, prolactin is just one of several
hormones involved in promoting lactation. Interestingly,
inhibiting the release of prolactin in goats has minimal impact
on milk production (33, 42). The process of galactopoiesis is
intricately connected to both milk synthesis and milk
elimination. To be able to sustain an adequate number of
secretory cells, the mammary gland must engage in processes
that promote cell growth and inhibit cell loss (42). In order to
sustain lactogenesis, the process of milk production, it is
imperative that milk is extracted from the mammary gland by
either suckling or milking. The contraction of myoepithelial
cells surrounding the mammary alveoli is facilitated by the
hormone oxytocin. The release of oxytocin takes place in the
posterior pituitary gland within seconds of sensory impulses
reaching the hypothalamus, and its effects last for a duration
of several minutes. (17).

6. 1. Factors Affecting Galactopoiesis

The continuity and yield of lactation can be influenced by
several factors, including the number of births, calving
interval, breed, photoperiod, lactation season, frequency of
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suckling and milking, size and number of calves at birth,
general health state, and ration. (34, 43-45).

6.1.1. Time of
Photoperiodism

Birth, Lactation Number and

In the Northern Hemisphere, the parturition of goats often
takes place around the month of March, although the dry
phase is commonly observed in November or December (30,
46). Previous studies has indicated that lactation milk supply
in goats is much greater for those who have parturition
between the months of January to March, compared to those
that give birth between April and June (43, 47).

The number of births affects milk fat and protein
concentrations, yield and somatic cell count. The somatic cell
count in milk increases as the lactation progresses and the
number of births increases in a normal goat. This increase can
be more than 1,000,000 cells/ml in milk after the 5th lactation
(48). The milk production of primiparous dairy goats is
comparatively lower than that of multiparous dairy goats. The
peak milk production is observed during the third or fourth
parity, as indicated by previous studies (38, 39).

The phenomenon of photoperiodism, particularly when there
is an extended duration of daylight exposure, has been found
to enhance the production of lactation milk in goats at both
late and early stages of lactation (49-52).

6. 1. 2. Prolonged Lactation Period

The duration of lactation has a notable impact on the quantity
of milk produced, as well as the composition of the milk, with
extended lactation periods resulting in greater milk supply
and higher levels of milk components (43). According to the
findings of Watkin and Knowles (1946), it was observed that
goats had the ability to sustain continuous lactation for a
duration of 24 months (53). In a separate investigation, Brice
(2000) conducted an examination whereby it was discovered
that the longer lactation durations of primiparous females
exhibit two distinct stages in terms of their curves. During the
initial phase, which included the initial 10 months of
lactation, a typical lactation curve was seen. The subsequent
phase, encompassing the final eight months of lactation, had
a resemblance to the typical lactation curve observed in the
subsequent lactation (54). According to Brice (2000), it was
shown that the last stage, albeit being lower in magnitude
compared to the preceding lactation curve, exhibited
comparable milk production amongst females having
prolonged lactation and those undergoing two regular
lactations (54). The individual posited that this phenomenon
may potentially be attributed to the extended duration of
breastfeeding. In addition to the aforementioned factors, there
have been reports indicating a reduction in milk production
among goats that conceive during the lactation period (55).
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Based on the findings of the studies, it was determined that
goats do not require a dry interval for udder involution, in
comparison to dairy cattle (43). In a research investigation
comprising four caprine subjects, one mammary gland had
uninterrupted milking for a duration of 66 weeks, while the
second unit was subjected to milking for a period of 25 weeks,
followed by a drying phase of 23 weeks throughout the
reproductive and gestational stages, and then resumed
milking for a span of 18 weeks. Over the course of the last 18
weeks of lactation, it was seen that the gland subjected to
continuous milking had a tendency towards increased milk
supply, larger parenchyma weight, and a higher count of
secretory cells. Nevertheless, the enzyme activity in the
mammary glands did not exhibit any significant differences
(56).

6. 1. 3. Suckling and Milking Frequency

There are notable distinctions between goats and dairy cattle
in terms of the neuroendocrine milk evacuation reflex. This
disparity can be attributed to the comparatively larger milk
storage capacity found in the mammary gland cistern of goats
(57). Consequently, this suggests that natural suckling may
provide substantially less milk production advantage in goats
compared to machine milking. Nevertheless, there have been
notable variations in performance outcomes between dairy
goats that are suckled and those that are machine-milked, with
the extent of these variances being highly dependent on the
specific experimental or production settings. (43).

6. 1. 4. Genetic Composition

Genetic effects occur individually and collectively.
Individual genetic effects can be seen in expected progeny
differences calculated annually by USDA-AIPL (58). The
collective effect is seen as breed differences due to genetic
differences. An example of this is that Swiss breeds (Alpine,
Saanen and Toggenburg) can yield more than Nubian and
LaManchas breeds. (59).

6. 1. 5. General Health Conditions

The significance of maintaining proper hygiene practices in
milking and milk processing is evident in its impact on
bacterial levels and somatic cell counts. According to the
study conducted by Delgado-Pertinez et al. (2003), the main
cause of microbiological contamination in dairy goat farms in
Spain was identified as the inadequate hygiene practices and
incorrect chilling during the process of transferring milk from
the udder to storage in the farm or cooperative tank (60).
Enhanced management practices, such as ensuring proper
cleanliness of the farm, animals, and milking parlor, using
udder sealing techniques, maintaining milking equipment,
and promptly transferring milk to the storage tank following
manual milking, have the potential to decrease both bacterial
counts and somatic cell counts. The need of maintaining
proper hygiene procedures is heightened throughout both wet
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and dry seasons. Moreover, there exists a disparity in
microbial counts and somatic cell counts between hand-
milked and machine-milked milk. However, it is worth noting
that this discrepancy may be subject to several causes,
including breed variability. (43).

6. 1. 6. Ration

The correlation between the quality and content of the ration
and yield metrics, particularly in ruminants, is a significant
determinant. The adjustment of the mix of concentrate and
roughage, as well as the levels of protein, fat, and fatty acids
in the ration, is crucial in achieving the optimal yield
characteristics. The impact of crude protein (CP) levels in the
diet on milk production and composition is contingent upon
the specific nitrogenous components that influence the intake
of metabolizable protein. Nevertheless, when the ration CP
levels exceed the milk synthesis capacity, the efficiency of
CP use remains relatively low, irrespective of the source of
CP (61). Previous research has proposed that dairy goats have
a lower degree of sensitivity towards bypass protein (BP)
supplementation compared to dairy cattle (62). Nevertheless,
the reviewed studies observed conflicting outcomes
regarding the impact of increasing BP supplementation on
milk production in goats (63-66).

The physico-chemical properties of diets, such as particle size
and the ratio of concentrate to forage, have an indirect impact
on milk fat content, milk production, and milk dry matter
content by influencing calorie intake. The impact of these
effects may be very insignificant in animals that have
moderate to low milk production, however it has been shown
that milk fat concentration tends to rise when the full capacity
for milk yield is achieved. It is widely recognized that
insufficient quantities of dietary fat might result in decreased
milk fat content (43).

7. Conclusion

It is important that the husbandry of goats, whose care and
feeding conditions are less laborious compared to other
animals and which stand out with their milk containing rich
content composition, low lactose levels and antiallergic
properties, should be carried out by taking into account the
physiological state and requirements of the animal. In this
case, it is thought that having knowledge about the concepts
of “reproductive cycles and pregnancy periods,
mammogenesis, lactogenesis and galactopoiesis” can better
meet the needs of the needs of the animals and can improve
the milk yield parameters which are emphasized.
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Abstract: Proliferatif enteropati (PE) zorunlu hiicre igi bakteri tiirii olan Lawsonia intracellularis tarafindan olusturulan, ozellikle 1 yas
altindaki taylarda siddetli klinik bulgularla, 1 yas iistii atlarda da genellikle asemptomatik olarak seyreden bir hastaliktir. Hastaliktan etkilenen
taylarda yasanan gelisme geriligi ve buna bagli olarak satislarda daha diisiik fiyata satilmasi sonucu at yetistiriciligi sektoriinde ekonomik
kayiplara neden olmaktadir. Etken bulagsmasi semptomatik ve/veya asemptomatik taylardan ve erigkin atlardan fekal-oral yolla olabilecegi gibi
domuz, kedi, kdpek, tavsan, keseli sigangiller, kokarca, fare, ¢akal gibi rezervuar evcil ve vahsi hayvanlarin da bulagmada rolleri bulunmaktadir.
Hastalikta klinik bulgular olarak yiiksek ates, letarji, periferal 6dem, ishal, kolik, kilo kaybi ve buna bagh gelisme geriligi gibi bulgular
goriilmektedir. Teshiste, klinik bulgularla birlikte hipoproteinemi, ultrason muayenesinde ince bagirsak duvarinda kalimlagma saptanmasi,
pozitif seroloji ve etkenin diskida molekiiler yontemlerle tespiti gibi yontemler kullanilmaktadir. Tedavide basta makrolid gruplar antibiyotikler
olmak iizere bunlarm rifampin, kloramfenikol, oksitetrasiklin ve doksisiklinlerle olan kombinasyonlar1 kullanilmaktadir. Hastaligm endemik
olarak goriildiigii tesislerde taylarin klinik bulgular yoniinden izlenmesi, serum protein ve albiimin seviyelerin Olgiilmesi ve serolojik
yoklamalarin yapilmasi korunma-kontrol 6nlemleri kapsaminda 6nemlidir. Bu derlemede, L. intracellularis’in etiyolojik 6zellikleri ile etkenin
neden oldugu hastaligin epidemiyolojisi, patogenezi, klinik bulgulari, teshiste kullanilan metotlar, tedavi yontemleri ile korunma ve kontrol
tedbirleri hakkinda bilgi sunulmasi amaglanmaistir.

Anahtar Kelimeler: At, enterik patojen, Lawsonia intracellularis, enfeksiy6z hastalik.

Lawsonia Intracellularis as an Enteric Pathogen in Horses

Ozet: Proliferative enteropathy (PE) is a disease caused by Lawsonia intracellularis, an obligate intracellular bacterium, with severe clinical
findings, especially in foals under 1 year of age, and generally asymptomatic in horses over 1 year of age. The development retardation in foals
affected by the disease and the resulting sale at lower prices causes economic losses in the horse breeding industry. While transmission of the
agent can occur via fecal-oral route from symptomatic and/or asymptomatic foals and adult horses, reservoir domestic and wild animals such
as pigs, cats, dogs, rabbits, opossums, skunks, mice and coyotes also play a role in transmission. Clinical findings of the disease include high
fever, lethargy, peripheral edema, diarrhea, colic, weight loss and associated developmental delay. In diagnosis, methods such as
hypoproteinemia, detection of thickening of the small intestine wall in ultrasound examination, positive serology and detection of the agent in
stool by molecular methods are used along with clinical findings. In the treatment, primarily macrolide group antibiotics and their combinations
with rifampin, chloramphenicol, oxytetracycline and doxycyclines are used. In facilities where the disease is endemic, monitoring foals for
clinical findings, measuring serum protein and albumin levels, and performing serological examinations are important within the scope of
prevention-control measures. In this review, it is aimed to provide information about the etiological characteristics of L. intracellularis and the
epidemiology, pathogenesis, clinical findings, methods used in diagnosis, treatment methods and prevention and control measures of the disease
caused by the agent.

Keywords: Horse, enteric pathogen, Lawsonia intracellularis, infectious disease.

1. Giris gelisme geriligi sebebiyle etkilenen taylarin satis fiyatlarinda
diisise neden olmaktadir (2). PE etkeni olan L.
intracellularis in etiyolojik  ozellikleri, patogenezi,

epidemiyolojisi, tanisi, tedavisi ve korunma-kontrol

Lawsonia intracellularis, atlarda proliferatif enteropati (PE)
olarak tanimlanan bulasici enterik bir hastaligin etkeni olan

bakteriyel ajandir (1). Fekal-oral yolla bulasabilen L.
intracellularis, bagirsak mukozasinda hiperplaziye ve ileri
derecede kilo kaybina neden olur (1). Hastalik klinik
bulgularin ¢ok ilerlemedigi erken donemde teshis edilerek
uygun antimikrobiyal tedavi ve destekleyici sagaltim
yapildiginda prognozu iyi olmakla birlikte, kilo kaybina bagl

yontemleri ile ilgili yurtdisinda bir¢ok arastirma makalesi ve
derleme yayinlanmakla birlikte bugiine kadar iilkemizde
etkenin varhigmin arastirilmasi amaciyla yapilan sadece tek
calisma mevcuttur (3). Bu derleme ile lilkemizde hastaliga
dikkat ¢ekilerek ilgili akademik c¢alismalarin arttirtlmasi i¢in
farkindalik olusturulmas1 ve sahada at yetistiriciligi
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sektoriinde c¢alisan veteriner hekimlerimiz i¢in enterik
hastaliklarin ayiric1 tanisinda L. intracellularis enfeksiyonu
acisindan giincel bilgilerin sunulmast ve
bolgelerimizde/iilkemizde ileride yapilacak aragtirmalar igin
literatiir olugturmas1 amaglanmustir.

2. Etiyoloji

L. intracellularis kivrimli, Gram negatif, enfekte intestinal
enterosit hiicrelerinin apikal sitoplazmasinda yer alan PE
etkeni olarak bilinen bakteriyel bir patojendir (1). L.
intracellularis Gram negatif hiicreler modifiye Ziehl-Nielsen
metodu ile boyandiklarinda karbol-fuksini tutarlar. Rickettsia
spp.’lerde benzer sekilde zorunlu hiicre i¢i konuma sahip
olsalar da DNA dizilimlerinden elde edilen veriler bu
bakterilerle bir iligskisi olmadigint ortaya koymaktadir (4).
Etken, enfekte ettigi enterosit hiicrelerinin proliferasyonuna
neden olarak basta ince bagirsaklar olmak iizere ara sira da
kalin bagirsak cidarinda kalinlasmaya sebep olmaktadir. L.
intracellularis kiiltiiriinde
iiretilebilmekte olup, liremesi icin spesifik atmosfere ihtiyag
duymaktadir (4). Etken atlarin diginda domuz, hamster,
tavsan, tilki, geyik, kobay, deve kusu ve insan olmayan
primatlar1 da enfekte edebilmektedir. Etkene bagli hastaliklar
ilk tespit edildiginden bugiine kadar sporadik olgular ve
salginlar seklinde birgok kez raporlanmigtir. Son yillarda da
siklikla siitten yeni kesilen taylar basta olmak iizere ara sira
erigkin atlarda raporlanan bir hastalik olarak, Amerika
Birlesik Devletleri (ABD), Kanada, Brazilya, Japonya,
Giliney Kore ve Tiirkiye dahil olmak {izere Avrupa’da
raporlanmig ve diinya c¢apinda bir yayginliga ulastigt
goriilmiistiir (3,5,6-10).

sadece in vitro  hiicre

Yapilan molekiiler incelemeler sonucunda atlardan izole
edilen L. intracellularis izolatlarinin, domuzlardan elde
edilen izolatlar ile 16s rDNA (ribozomal deoksiriboniikleik
asit) geni acisindan %98 homoloji gosterdigi belirlenmistir.
Domuzlardan izole edilen L. intracellularis izolat: 2003
yilinda tiim genomunun sekanslanmasi ve degisken sayida
tandem tekrar1 dizilerinin (Variable Number Tandem
Repeats-VNTR) varligmin belirlenmesi amaciyla analiz
edilmistir (11). Bakteri genomlarindaki VNTR dizi profilleri
genellikle yiiksek polimorfizm ile iliskilendirilmekte, farkli
cografi bolge veya farkli hayvan tiirleri arasindaki bakteriyel

suslarin filogenetik iligkilerinin belirlenmesinde
kullanilabilmektedir. Molekiiler VNTR dizi profilleri
incelendiginde, domuzlardan elde edilen VNTR dizi

profillerinin atlardan ve domuz olmayan diger tiirlerden elde
edilenlere kiyasla farkli oldugu gosterilmistir (12). Diger
taraftan herhangi bir hayvan tiirli i¢in ayn1 salgindan farkl
zamanlarda alinan 6rneklerde veya farkli salginlardan alinan
ornekler arasinda VNTR profilleri arasinda ¢ok az veya hig
fark olmadig1 belirlenmistir. Japonya’da domuz, at ve vahsi
hayvanlardaki L. intracellularis etkenlerinden yapilan bir
caligmada multilocus VNTR profillerinin domuz ve at
orneklerini ayirabildigi, ancak at ile vahsi hayvan 6rneklerini
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ayrramadigi, at VNTR profillerinin ise atin yasi, klinik
bulgulart ve klinik sonuglart agisindan farklilik gostermedigi
bildirilmistir (12).

3. Epidemiyoloji

PE olgularmin endemik goriildiigii ¢iftliklerde devamli olarak
etkene maruz kalan kisraklardan dogan yavrulara anneden
pasif antikor transferi oldugu bildirilmistir (13). L.
intracellularis e kars1 olusan kolostral antikorlar taylarda 11-
56 giin arasinda tespit edilebilir seviyede kalmaktadir (14).
ABD’de bolgesel maruziyet %14 ile %100 oraninda
degiskenlik gdostermekle birlikte etkene maruz kalan taylarin
sadece %11’inin PE formunda (%3 klinik form, %6 subklinik
form) hastaliga yakalandig: belirlenmistir (15).

Domuzlarda L. intracellularis’ in bulagsmasimin kronik
tastyicilar araciligiyla fekal-oral yolla oldugu bu yolla
nesilden nesile etkenin aktarildig: belirtilmistir (16). Fare ve
ratlarin etkenin dagilimi yoniinden 6nemli rezervuar gorevi
gordiikleri diskilarinda etkenin Polimeraz Zincir Reaksiyonu
(PZR) pozitifligi tespit edilmesi suretiyle gosterilmistir (17).
Kemirgenlerin evcil hayvanlarla yakin temas kurmasi ve
yasam alanlarina girmesi, yiiksek treme hizlar ile etkeni
nesiller aras1 aktarabilmesi rezervuar
olabileceklerini diisiindlirmektedir. Enfeksiyon kaynaginin

ile uygun bir

atlar icin tam olarak belirlenememesi ile birlikte domuz
diskilarinin  potansiyel enfeksiyon kaynagi olabilecegi
digiiniilmiis ancak VNTR analizleri domuz ve at suslari
arasinda belirgin farklilik oldugunu gostermistir (11,12).
Gecmis caligmalar kedi, kopek, tavsan, keseli sigcangiller,
kokarca, fare, ¢cakal gibi evcil ve vahsi hayvanlarin PE teshisi
konan giftliklerde etkeni sagabildigini gostermistir (18,19).
Bir tavsan ¢iftliginde siddetli ishal, dehidrasyon ve halsizlik
bulgular1 ile ortaya ¢ikan salginda etkilenen 33 tavsana
nekropsi yapilarak intestinal mukozada kalinlasma, bagirsak
icerisinde biiylik miktarda gaz ve sulu diski goriiniimiine
rastlanmigtir.  Warthin ~ Starry  yontemi, PZR  ve
immunohistokimyasal yontemlerle yapilan incelemelerde
etkenin L. intracellularis oldugu teyit edilmistir (20). Giiney
Kore’de yapilan c¢alismada tavsan ¢iftligi c¢evresinde
bulunana at ve domuz ciftliklerinin de tavsanlardaki L.
intracellularis enfeksiyonlarinda risk faktorii oldugu ortaya
konmustur (21). Bu durum bahsi gecen hayvan tiirleri
arasinda digki sagilimlariyla etkenin tiirler arasinda
yayllmasina olanak saglayabilecegini diisiindiirmektedir.
Atlarda dogal enfektif doz tam olarak belirlenmemis olmakla
birlikte, domuzlarda 105 gibi disiik sayida bakterinin
enfeksiyon gelisimi igin yeterli oldugu, 1 gram enfeksiyoz
diskinin bu deneysel miktar1 tastyabildigi saptanmistir (22).
Domuzlarda enfeksiyon ve fekal sagilim 12 hafta
siirebilmekte iken, atlarda bu siire daha kisa olabilmektedir
(22). Deneysel enfekte edilen taylarda fekal sagilim
baslangic1 ve siiresi 10 ile 27 giin arasinda degiskenlik
gostermektedir (23). Siitten kesilme sirasinda yaganan stres,
asir1  kalabalik, kolostral antikor miktarinda diisiis,
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endoparazitizm, silirliye yeni hayvan girmesi taylarda
Lawsonia enfeksiyonu igin predispoze faktorler olarak
belirtilmistir (24). L. intracellularis’ in ¢evresel sartlarda 5 °C
ile 15 °C arasinda 1-2 hafta canli kalabildigi gosterilmistir
(25).

4. Patogenez

Hastaligin patogenezi tam anlagilamamis olmakla birlikte
postmortem incelemede etkilenen hayvanlarda genel olarak
ince bagirsaklarda mukozal hiperplaziye rastlanilmaktadir
(1). Etken genellikle ileumun terminalindeki ileosekal
baglantiya yakin  bolgedeki enterosit  hiicrelerinde
belirlenmistir (26). Enfeksiyonun ilk 3 saatinde bakteri
enterosit hiicrelerine almmakta olup, hiicre igine alimi
konakgi-hiicre fonksiyonuna bagli olarak gerceklesmektedir
(26). Belirlenemeyen bir mekanizma neticesinde bagirsak
kript hiicrelerinin hizli ve kontrolsliz ¢ogalmasi sonucu
bagirsak mukozasinda goriilen kalinlagma bu hastalik igin
baslica bulgudur. Etkenin genomik sekanslanmast ile tip III
sekresyon komponentlerine  sahip  oldugu
belirlenmistir ki, bu sistemin diger enterik patojenlerde
apoptozis pertiibasyonlarina, hiicre istilast ve bagisikligin
baskilanmasina katkida bulundugu gosterilmistir  (27).
Domuzlarda bagirsak kesitlerinden yapilan
immunohistokimyasal c¢aligmalarda prolifere olan enterosit
hiicrelerinin  apikal sitoplazmasinda biiylik miktarda
immunoglobulin A (IgA) akiimiilasyonu belirlenmistir.

sistemi

Spesifik stimiilasyon sonucunda periferal kan mononiikleer
hiicrelerinden interferon gama (IFN-y) tiretimi domuz ve

atlarda gosterilmistir. IFN-y, deneysel enfekte edilen

Hastaligin 6n tanisi genellikle hayvanin yasi, klinik bulgulari,
hipoproteinemi-hipoalbiiminemi, ultrasonografik incelemede
ince bagirsak duvarinda kalinlagsma ve diger enteropati ve
protein kayip sebeplerinin elimine edilmesi ile konur.
Antemortem tan1 genellikle L. intracellularis’ in aliman gaita
veya rektal svap Orneklerinden PZR analizi ile tespiti
vasitastyla teyit edilir.

Tanida PZR ile serolojik teshis yontemlerinin beraber
kullanilmas1 énemlidir ¢ilinkii her iki metotta yiiksek analitik
spesifiteye sahip iken hastalifin donemine bagli olarak
degiskenlik gosteren sensitiviteye sahiptir (1,15). Eger diski
ornekleri antimikrobiyal kullanimi 6ncesi veya hastaligin
ileri donemlerinde yani L. intracellularis etkenlerinin digkida
saciliminin artik beklenmedigi anda alinmigsa, negatif bir
PZR sonucu elde edilebilir. Humoral bagisikligin tespit
edilebilir seviyede olmadig1 hastaligin erken déneminde ise
negatif seroloji sonucu elde edilebilir. Ayrica farkli serolojik
ve molekiiler teshis metotlar1 da farkli sonuglarin elde
edilmesine neden olabilmektedir. PZR yontemleri arasinda es
zamanli PZR’1in (Real Time PCR) en yiiksek sensitiviteyi
gosterdigi, cross veya carry-over kontaminasyon riskini
azalttig1 ve dolayisiyla yalanci pozitiflik riskini diisiirdiigii
belirtilmistir (1).
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Indirekt floresans antikor testi, enzim linked immunosorbent
assay (ELISA) ve immunperoksidaz monolayer assay
(IPMA) testleri domuzlarda valide edilerek kullanilan
serolojik testlerin basinda gelmektedir (15). Kiyaslamali
yapilan 6n caligmalara gére IPMA testi PE’li taylarda spesifik
anti-L. intracellularis antikorlarin1 saptamada en dogru
sonucu vermektedir. Taylarda yapilan serolojik yoklamalarda
kullanilan IPMA testinde pozitiflik saptanmasi (1/60<) eger
hayvan saglikli ve hipoproteinemi bulgusuna rastlanmamis
ise etkene gecmiste olusan maruziyete bagli olarak
olusabilecegi veya hastaligin klinik bulgularin  heniiz
sekillenmedigi muhtemel erken déneminde oldugu seklinde
yorumlanmalidir (1). Hipoproteinemi ve hipoalbliminemi
bulgulariyla birlikte seropozitif veya seronegatif olarak
saptanan taylarda hemogram testi, abdominal ultrason ve
fekal PZR testleri ile hipoproteineminin etiyolojisinde L.
intracellularis’ in rol oynayip oynamadigi saptanmalidir.
Sadece klinik bulgu ve hipoproteinemi-hipoalbiiminemi
bulgularina ~ dayanarak  antimikrobiyal
baslanmasi onerilmemektedir. Saglikli seronegatif bireylerin
klinik bulgular olarak giinliik olarak takip edilmesi, ayda en
az bir kez tercihen iki kez de protein-albiimin olg¢imii
yapilmasi ve serolojik yoklamalar1 yapilarak popiilasyonun
kontrol altinda tutulmasi énemlidir. PE siipheli klinik bulgu
gosteren taylar ise izole edilerek diski sacilimi PZR testi ile
tespit edilene kadar olasi ¢evresel kontaminasyonun Oniine
gecilmelidir. Pusterla ve ark. tarafindan yapilan deneysel
calismada taylarin hipoproteinemi ve klinik bulgu
gostermeden  5-17  giin etkeni  diskiyla
sacabilecekleri gosterilmistir (30). Bu donemde subklinik
enfekte taylarm diski ile sacarak ¢evresel
kontaminasyona neden olduklari ve duyarli taylarn bu
sekilde etkene maruz kaldiklart diisliniilmektedir.

kullanimina

Oncesinden

etkeni

5. Tedavi

Hastaliktan etkilenen hayvanlarda lezyonlar ilerleyip belirgin
kilo kayb1 ve diisiik protein seviyelerine ulagsmadan tedaviye
baglanmasi kritik 6neme sahiptir. PE tedavisinde tek basina
makrolid grubu antibiyotikler ile rifampin, kloramfenikol,
oksitetrasiklin veya doksisilin kombinasyonlariyla 2 ile 3
hafta arasinda kullanmilmaktadir (1). Antibiyotiklerin
seciminde Ozellikle ileri yastaki siddetli hipoalbiiminemili
taylarda gastrointestinal floraya ve renal toksisiteye dikkat
edilmelidir (15). Antimikrobiyal tedaviye ek olarak
intravendz (IV) sivi takviyesi, plazma transfiizyonu,
parenteral besleyiciler ve antiiilser ilaglar genellikle etkilenen
taylarda kullanilmaktadir (2,15). Tedaviye baslandiktan sonra
klinik diizelmenin ¢abuk olmasi beklenmekle birlikte
hipoproteineminin ¢oziilmesi haftalar alabilmektedir (1).

6. Korunma ve kontrol

Hastaligin endemik goriildigi ciftliklerde taylarin diizenli
olarak fiziksel muayenelerinin yapilmasi, ayda bir veya
tercihen iki kez olmak iizere serum total protein dlgiimlerinin




Mete

Bozok Vet Sci (2023) 4, (2): 73-77

ve serolojik incelemelerinin yapilmasi uygun olacaktir.
Gegmis yillarda hastalik hangi tarihlerde baslamig ise,
belirlenen tarihlerden en az 4 hafta once serolojik
muayeneleri ile total protein ve albiimin J&lglimleri
yapilmalidir. Taylarin aylik olarak total protein/albiimin, kilo
artislar1 kayit altina alinarak bir Onceki ayin verileriyle
kiyaslanmali, herhangi bir diisiis trendi olup olmadig1
hastaligin erken teshisi bakimindan gézlemlenmelidir. Hasta
bir tayin tedavi maliyeti ve yasanacak olasi gelisme geriligi
gbz Oniine alindiginda buna benzer bir kontrol programi
olusturulmasimin maliyet agisindan daha etkin olacagi bir
gercektir. ABD’de yapilan bir c¢aligmada hastaligin
donemselliginden bahsedilmis ve zirve yaptigi donemlerin
kasim ile aralik ay1 oldugu belirtilmistir (2). Yildan yila ve
bolgesel-iklim sartlarina bagl olarak hastaligin goriildiigii
aylarda degiskenlik goriilebilir. Genellikle kuzey yarim kiire
icin birgok PE olgusu agustos ile ocak ay1 arasinda
goriilmektedir ki bu donem biiyiik ¢ogunlukla taylarin en
duyarlt oldugu siitten kesilme donemine tekabiil etmektedir
(1,2,15). Hastalikta erken tan1 ve hastalikli bireylerin duyarli
taylardan izole edilerek tam iyilesme gosterene kadar ve fekal
sacilimin  kesilmesine kadar siiriiye karistirilmamasi
hastaligin yayilmasmin Oniine ge¢gmek i¢in alinacak en
mantikli biyogiivenlik 6nemlerinin basinda olacaktir. Ayrica
tesislerde pestisit uygulamas: yapilmasi, at disindaki
muhtemel rezervuar islevi goren evcil veya vahsi hayvanlarin
yemlerden ve yemleme alanlarindan uzak tutulmasi fekal-oral
yolla bulasmanin engellenmesi i¢in dnemlidir (18,19).

Yapilan ¢aligmalarda domuzlara uygulanan aviriilent canli L.
intracellularis agisinin  taylarda humoral ve hiicresel
bagigiklik yaniti olusturdugu belirlenmistir (14,23). Aviriilent
L. intracellularis asisindan 30 ml intrarektal olarak 30 giin
arayla 2 doz verilmesinin en yiiksek immiinolojik uyarimi
sagladig1 gozlemlenmistir (23). Asmnin taylarda giivenilir ve
uygulama sonrasi iyi tolere edildigi saptanmis, ayrica
avirilent agmin  klinik  hastaliga sebep olmadigi
belirlenmistir. Asinin taylara intrarektal
takiben 12 giine kadar fekal sagilim gdzlemlenmistir (23).
ABD’de 2008 yilinda yapilan bir saha caligmasinda asili
taylarin, asist olmayan seropozitif atlara kiyasla giinliik kilo

uygulamasini

alim hizlarinin ve serum total protein konsantrasyonlarmin
daha yiiksek oldugu gozlemlenmistir (14). Deneysel kosullar
altinda yapilan bir ¢alismada da siitten yeni kesilen intrarektal
aviriilent a1 ile asilanan taylarmn viriilent L. intracellularis *e
maruz birakilmasi sonucunda klinik ve subklinik hastaliga
kars1 korundugu, klinik bulgu gériilmemesi, hipoproteinemi
sekillenmemesi, PE ile uyumlu ultrasonografik goriiniime
rastlanilmamasi ve agisiz taylara kiyasla asili taylarda fekal
sacilimda Dbelirgin bir diisiis gozlemlenmesi
belirlenmistir (23). Tim bu veriler géoz oniine alindiginda,

sonucu

domuz tiirlinde kullanimi1 endike olan aviriilent canl L.
intracellularis asisinin duyarli taylarda kullaniminin PE
olgularinin sayisim1 diisiirebilecegi veya Onleyebilecegi
diistiniilmektedir. As1 uygulamasinin zamanlamasi bolgedeki

76

gegmis yillarda karsilasilan L. intracellularis salgin
donemleri baz alinarak ayarlanmalidir. Ayrica klinik
bulgularin takibi, total protein/albiimin &l¢iimii asilamaya
ilaveten devam ettirilmesi gerekli olan uygulamalardir (8,24).

7. Sonug

L. intracellularis’ e bagli gelisen PE bir¢ok iilkede ve bolgede
enzootik olarak goriilmektedir. Hastaligin semptomatik
formu taylarda iilkemizin de oldugu kuzey yarim kiirede
genellikle eyliil-aralik aylarinda goriilmektedir. Hastalik
etkeni ayrica birgok ciftlikte hastaliktan etkilenen taylarla
beraber tutulan diger at gruplarinda asemptomatik olarak
bulunmaktadir. Hastaligin yayilmasina ve ilgili ¢iftliklerde
tekrarlayan sekilde goriilmesine neden olan bu durumun at
yetistiriciligi sektoriinde iilkemizde ve diinyada ekonomik
kayiplara neden olabilecegi agikga goriilmektedir. Ileride
yapilacak farkli caligmalar ile hastaligin farkli bolgelerdeki at
popiilasyonlarinda ve rezervuar evcil-vahsi hayvan tiirlerinde
ortaya konmasi, etkenin gevresel dongiisiiniin belirlenmesi ile
birlikte etkenin izolasyonu ve takiben filogenetik
analizlerinin yapilarak kokeninin arastirilmasi hastaligin
iilkemizdeki/bolgemizdeki epidemiyolojisini anlamada ve
olasi yayilmasinin Onlenmesinde onemli katki sunacagi
disiiniilmektedir.
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BOZOK VETERINER BiLIMLERI (BOZOK VET BiL)
YAZIM KURALLARI

AMAC

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

KAPSAM

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

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

YAZIM KURALLARI (MAKALENIN-YAZININ HAZIRLANMASI)

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

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

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

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

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

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

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

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

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

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

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

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

b. Ozet: Tiirke yazilarda Tiirkge ve Ingilizce 6zet olmahdir. Ingilizce yazilarda Tiirkce 6zet de gereklidir.
Ozet, 250 kelimeden daha uzun olmamali; amag, materyal ve metot, bulgular ile sonucunu igermelidir. Ozetlerin
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altina 4-6 adet anahtar kelime verilmelidir. Tiirk¢e anahtar kelimeler "Tiirkiye Bilim Terimleri (TBT)"ne uygun
olarak verilmelidir (Bkz. http://www.bilimterimleri.com). Ingilizce anahtar kelimeler "Medical Subject
Headings (MESH)" e uygun olarak verilmelidir (Bkz. http://www.nlm.nih.gov/mesh/MBrowser.html).

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

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

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

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

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

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

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

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

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

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

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

Web tabanh erisimler kaynak olarak gosterilmemelidir.

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

Concentration (ug g%

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

1

& At 95 % confidence level

b X+SD =3 eInformation value

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

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

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



BOZOK VETERINARY SCIENCES ( BOZOK VET SCI)
WRITING RULES
Purpose

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

Scope

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

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

WRITING RULES (PREPARATION OF THE ARTICLE-ARTICLE)

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

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

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

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

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

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

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

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

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

c)

d)

€)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

Concentration (ug g

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

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

each one should be given on a separate page. Descriptive information and explanations should be placed
under the figure along with the figure name. Pictures must be at 300dpi resolution.



Sample:

70
L 2
60 *

50 *4 o

= ROl *
§ 40 P
7 30 * P
pr
5 20 *
10
0

Figure 1. Concentration of Hg (mg
kg?)
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