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Abstract: In the present study, we sampled sea bream and sea bass, weighing 400-450g, for routine microbiological,
hematological, macroscopical and histopathological examinations. Samples were taken from seemingly healthy fish,
which displayed increased feed conversion rates, signs of cold shock and slow movement. Routine bacteriological
analyses included basic microbiological analyses for oxidase and catalase activity, Gram staining and O/F fermentation
using API test kits. Furthermore, 16S rRNA gene sequencing was performed for identification. Serum biochemical and
hematological values were determined using a Vetscan®V/S2 analyzer and blood smears. Internal organs were exam-
ined by routine histopathological techniques. Hepatic fat accumulation and necrosis were noted, and liver damage was
observed to be associated with significant alterations in liver enzymes. Due to multi-organ dysfunction and serious
hematological disorders, primarily Vibrio alginolyticus also Alteromonas and Pseudoalteromonas species were isolated
from the affected fish and co-infections were detected.

Keywords: Fatty liver syndrome, hematology in marine fish, hepatic lipidosis, V. alginolyticus

Kiiltiirii Yapilan Deniz Baliklarinda Karaciger Yaglanmasi ve Bakteriyel Koenfeksiyon

Oz: Bu ¢alismada rutin mikrobiyolojik, hematolojik, makroskopik ve histopatolojik incelemeler igin 400-450 gr agirigin-
da gipura ve levrek baliklari 6rneklenmistir. Ornekler morfolojik olarak saglikli gériinen ancak artan yem dénlgim ora-
ni, hasat sirasinda soklanma (soguk soku) sorunu gosteren ve hareketlerde yavaslik gibi semptom gdsteren baliklar-
dan 6rnekler alinmistir. Gram boyama, hareketlilik, oksidaz-katalaz aktivitesi ve O/F fermentasyonu gibi rutin bakteriyo-
lojik analizler ve API test kitleri kullanilarak temel mikrobiyolojik analizlerle bakterilerin mikrobiyolojik teshisleri yapiimig-
tir. On teshisi yapilan tiirler16S rRNA gen bélgesi sekans analizi ile tir bazinda identifiye edilmistir. Serum biyokimya-
sal ve hematolojik degerleri, Vetscan® VS2 cihazi ve kan yayma frotileri kullanilarak analiz edilmistir. Hastaliktan etkile-
nen i¢ organlarin incelenmesi igin rutin histopatolojik incelemeler yapilmistir. Hepatik yag birikimi ve nekroz goériinen en
belirgin bulgulardan olmustur ve karaciger enzimlerinde 6nemli degisikliklerin karaciger hasariyla iligkili oldugu tespit
edilmistir. Etkilenen baliklardan ¢oklu organ yetmezligi ve hematolojik bozukluklar nedeniyle basta Vibrio alginolyticus
olmak Uzere Alteromonas ve Pseudoalteromonas tirleri izole edilmis ve hastalik belirtileri gosteren baliklarin bakteriyel
koenfeksiyon tasidigi tespit edilmistir.

Anahtar kelimeler: Deniz baliklarinda hematoloji, hepatik lipidosis, V. alginolyticus, yagl karaciger sendromu

Introduction increasing demand for fishmeal (FM), elevated prices
and fluctuations in world supply have emphasized the
need for alternative protein sources for fish. Thus,
research on new plant-based protein sources has
accelerated. Researchers have discovered several
proteins, apart from animals that can replace fish-
meal, and most of them enable fast growth, stimulate
immunity and support non-specific defense in the
short-term (Geay et al., 2011). However, the long-
term effects of these plant proteins on fish, especially
on their liver, spleen, kidneys, and immune system,
remain unknown. Fishmeal is also a primary source
of essential amino acids and fatty acids for carnivo-
rous fish, and plants do not contain any of them. Fat-
Gelis Tarihi/Submission Date - 09.06.2021 ty liver §yndrome is gncountered prlmarllylln fIS.h fed
Kabul Tarihi/Accepted Date  : 26.08.2021 on an imbalanced diet, a carbohydrate-rich diet or

Globally, food resources, including both plant- and
meat-derived proteins, are decreasing and production
costs have increased at least two-fold in the last two
years, particularly during the Covid-19 pandemic be-
cause of economic instability. Owing to its high pro-
tein content and digestibility, fishmeal is the best pro-
tein source for carnivorous fish, which need at least
40% of the fish-based protein in their diet (Monge-
Ortiz et al., 2016). More than 3.3% of the total fish
products are used for the production of fishmeal, but
the remarkable increase in cultured fish stocks has
brought about insufficiency of fishmeal protein. The
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higher plant-derived proteins instead of fishmeal (De
Francesco et al., 2004). Moreover, histomorphologi-
cal gut and liver alterations, immune status disorders
and gut microbial imbalances have been reported to
be associated with the provision of plant proteins
instead of fishmeal (Egerton et al., 2020). Thus, the
use of certain agricultural by-products seems to ulti-
mately lead to a lower feed conversion efficiency and
an increase in susceptibility to diseases and bacterial
and parasitic infections, which may be induced by
immunodeficiency or disrupted inflammatory re-
sponse. Along with other physiological processes, in
fish, the gut plays a key role in the immune response
to potential pathogenic invasions besides liver,
spleen and erythrocytes whose roles in the immune
status and allow the early detection of impaired mal-
nutrition and health, blood biochemistry is usually not
used as a diagnostic tool in fisheries (Figure 1). This
is due to the scarcity of reliable information on hema-
tologic values and blood biochemistry parameters in
well-nourished, healthy and stress-free fish. This is-
sue is, however, very opportune, as fish reared under
intensive conditions are subjected, on a daily basis,
to different stressors that compromise their nutritional
and immune competence; thus, an early and reliable
diagnosis of these conditions would help to improve
management practices (Peres et al., 2014).

Liver

Spleen Blood-Vessel
< \ )

I

Lipid Peroxy Radical

Lipid Hydroperoxide

Macrophage
* Activity

Figure 1. The role of the liver, spleen and erythro-
cytes in the immune system is illustrated.

In the presence of stress conditions, diseases caused
by opportunistic pathogens, including primarily spe-
cies of the genera Vibrio and Alteromonas, or other
members of the microbiota gaining dominance, is
only the tip of the iceberg (Balebona et al., 1998;
Skovhus et al., 2007; Duman et al., 2020). V. algino-
lyticus, a prominent and ubiquitous organism found in
seawater has been isolated from different marine
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organisms as part of the saprophytic microbiota (Carli
et al.,, 1993). There is controversy about the precise
role of V. alginolyticus as a fish pathogen (Balebona
et al., 1998), and while extensive information is avail-
able on other fish-pathogenic Vibrio species, the epi-
demiological, physiological, and virulence character-
istics of V. alginolyticus have not been established
yet. Alteromonas and Pseudoalteromonas species
have been isolated from marine habitats and sea
water and are not considered to be fish pathogens.
Hence, the isolation of these species from marine fish
indicates exposure to severe stresses conditions and
imbalance of the digestive and mucosal microbiota
(Skovhus et al., 2007; Pujalte et al., 2007).

In the present study, we aimed to determine the re-
sults of fatty liver syndrome based on blood biochem-
istry, microbial status, morphology, and histopatholo-
gy. Sampled fish were selected among those that
displayed key symptoms, including cold shock
(absence of rigor mortis or rapid progress to algor
mortis), anemia, yellowish (fatty) liver and coagulopa-
thy. The present study sheds light on contributing
disease agents that may be overlooked in marine fish
diagnosed with disease.

Material and methods
Fish samples

In total, 50 sea bream (Sparus aurata) and 50 sea
bass (Dicentrarchus labrax), weighing 400-450g,
were sampled for routine bacteriology after blood
drawing in 2017. Cage farms were located in the Ae-
gean region of Turkey. Blood, histopathological and
bacteriological samplings were made from fish dis-
playing absence of rigor mortis after death and very
quick death after being taken out of water (Duman et
al., 2019). No morphological lesions were detected in
the sampled fish and clinical observations showed
that the fish displayed lethargy, slow movement and
reduced feed intake. The fish ration was presented in
Table 1. This research was approved by the Local
Ethics Commission (report 2012-14/04)
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Table 1. Fish rations used in the study

Muhammed DUMAN

Dietary ingredients (g/kg dry diet)*

Total protein (%)
Total Fat (%)
Crude Cellulose (%)
Ash (%)
Vitamin A (IU)
Vitamin D3 (IU)
Vitamin E (mg)
Vitamin C (mg)

45
20
2.5
11
12000
2500
200
200

*Raw materials presented by firm: Fish meal, soybean meal, fish oil, wheat flour, wheat gluten, full fat soy, vita-
min and mineral with unknown amount for Vitamin (K3, B1, B2, B6, B12, Niacin, D-pantothenic acid, Folic Acid,
Biotin, Choline) and Mineral (Copper, Manganese, Cobalt, lodine, Zinc, Selenium)

Bacterial isolation

Samplings were carried out according to the guide-
lines for the diagnosis of fish diseases and in compli-
ance with the international guidelines for animal wel-
fare and guidelines for aquatic animal health surveil-
lance (Austin and Newaj-Fyzul 2017). Diseased fish
were sampled aseptically with sterile loops and
swabs from the liver, kidneys, spleen and acidic fluid.
Samples were placed on tryptic soy agar containing
1.5% NaCl (Merck, 105458, TSA); TSA containing
1.5% marine salts (Sigma, S9883);marine agar
(Sigma, 76448) and blood agar (BA; with 5% sheep
blood). All isolates were sub-cultured in tryptic soy
broth with 1.5% marine salts and marine broth for 2-7
days at 28°C to ensure purity. Pure cultures were
supplemented with 20% of glycerol and kept at -80°C
for long-term storage. The biochemical characteris-
tics of the isolates were determined using conven-
tional microbial tests, including the assessment of
colony morphology, Gram staining, motility, oxidase
and catalase activities, and sucrose fermentation
(Garrity, 2007; Farmer et al.,2015). Detailed pheno-
typic characterization was performed using APl ID
32E (Biomerieux, France) test kits in accordance with
the manufacturer’s instructions. The only modification
to these instructions was the performance of incuba-
tion at 28°C for 24-48h.

Molecular identification and phylogeny

According to the manufacturer's instructions, the ge-
nomic DNA of the bacterial isolates was extracted
using a QlAamp DNA mini kit (Qiagen, Hilden, Ger-
many). PCR amplification and sequence analysis
were performed using the universal 16S rRNA pri-
mers 27F (5-AGAGTTTGATCMTGGCTCAG-3') and
1492R (5-TACGGYTACCTTGTTACGACTT-3'). The
PCR reactions were performed according to previ-
ously described methods (Duman et al.,, 2020).

Based on 16S rRNA sequence similarities, the iso-
lates were identified in the GenBank 16S RefSeq
database, and all of the sequences were deposited in
GenBank under the accession number MW513495-
MW513504.

The evolutionary history was inferred using the maxi-
mum likelihood method and Tamura-Nei model
(Tamura and Nei, 1993). The tree with the highest log
likelihood (-4465.91) is shown. Initial tree(s) for the
heuristic search were obtained automatically by ap-
plying the Neighbor-Join and BioNJ algorithms to a
matrix of pairwise distances estimated using the
Tamura-Nei model and then selecting the topology
with a superior log likelihood value. The tree was
drawn to scale, with branch lengths measured in the
number of substitutions per site (next to the branch-
es). This analysis involved 20 nucleotide sequences.
Codon positions included were
1st+2nd+3rd+Noncoding. There were a total of 1553
positions in the final data set. Evolutionary analyses
were conducted in MEGA X (Kumar et al., 2018).

Blood and serum analysis

Blood samples were drawn from the caudal vein of
the fish, as described before (Duman et al., 2019).
Once collected, blood samples were immediately
subjected to hematological analysis. The blood was
diluted with appropriate diluting fluids for RBC and
WBC counts, which were calculated using an im-
proved Neubauer hemocytometer (Mgbenkaet et al.,
2003; Shah and Altindag 2005). Replicated counts
were made for each blood sample. Blood collected in
dry tubes was centrifuged for serum extraction. Se-
rum samples were analyzed for biochemical parame-
ters (creatine kinase, CK;aspartate aminotransferase,
AST;alanine aminotransferase, ALT;alkaline phos-
phatase, ALP;lactate dehydrogenase, bilirubin, BIL;
sodium, NA; potassium, K; calcium, CA; urea, BUN;
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creatine, CRE; total bilirubin, TBIL;albumin, ALB;
glucose, GLU; Gamma-glutamyltransferase, GGT,;
total protein, TP; total globulin, GLOB; tCO,; Amylase
and Lipase) with a VETSCAN® VS2 chemistry ana-
lyzer (Zoetis US, UK).

Histopathology

Tissue samples taken from the liver, kidneys, heart,
and gills were fixed in 10% buffered formalin solution,
embedded in paraffin blocks, cut into 4-p-thick sec-
tions, and stained with hematoxylin, and eosin (H&E).

Antimicrobial susceptibility testing

Resistance to different groups of antibiotics was de-
termined using the disc diffusion method by comply-
ing with the performance standards for the antimicro-
bial susceptibility testing of bacteria isolated from
aquatic animals (Clinical and Laboratory Standards
Institute, CLSI guidelines VET03/VET04-S2) (CLSI-
Clinical and Laboratory Standards Institute 2014). All
antimicrobial susceptibility discs were supplied from
Oxoid (Thermo Scientific, US). The antibiotics used in
the susceptibility tests included sulfonamides
(trimethoprim/sulfamethoxazole, SXT, 1/19;
CT0052B), aminopenicillins  (amoxicillin, AML;
CT0223B), B-lactams (amoxicillin/clavulanic acid,
AMC; CTO0223B), tetracyclines (doxycycline, DO;
CTO0018B; oxytetracycline, OT; CT0041B), fluoroquin-
olones (enrofloxacin, ENR; CT0639B), quinolones
(oxolinic acid, OA; CT0017) aminoglycosides
(gentamicin, CN; CT0794B), macrolides
(erythromycin, E; CT0020B), clindamycin (lincomycin,
MY; CT0028B), and chloramphenicol (florfenicol,
FFC; CT1754B). Antibiotic discs were placed on
Mueller-Hinton agar (MHA)+NaCl (1%) plates, previ-
ously inoculated with a pure culture of the strains.
After incubation at 28°C (24-28 h), inhibition zones
were measured in mm and compared with the critical
values of the European Committee on Antimicrobial
Susceptibility Testing (EUCAST, www.eucast.org) to
evaluate whether a strain was sensitive or resistant.
E. coli ATCC 25922 was used as the quality control
(QC) strain, and the acceptable ranges set by the
CLSI for this strain were applied (CLSI-Clinical and
Laboratory Standards Institute 2014).

Results
Bacterial Identification

In total, three different genera were phenotypically
identified, including Vibrio, Alteromonas, and Pseudo-
alteromonas, which displayed glucose fermentation
on oxidative-fermentative medium (OF basal medi-
um). Vibrio species were observed as Gram-
negative, motile, oxidase, and catalase-positive, su-
crose-fermenting colonies on thiosulfate-citrate-bile
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salts-sucrose agar (TCBS). All isolates were primarily
identified as either Vibrio metschnikovii (API ID 32E
profile  number: 11455361072; 00051221043;
20040321040) or Vibrio alginolyticus (APl 1D 32E
profile number: 00071321050 and 10071321050)
with the API tests. Ornithin decarboxylase activity
was the only difference between the V. alginolyticus
strains, which were at least 99% identical, whilst the
test results were more variable for the V. metschni-
kovii isolates, which displayed a similarity rate lower
than 90% in the API database.

According to genomic analyses, the isolates from the
sampled sea bass were identified as V. alginolyticus,
whilst the isolates from the sampled sea bream were
identified as V. alginolyticus, V. chagasii, Pseudoalt-
eromonas gelatinilytica, Pseudoalteromonas sp., and
Alteromonas mediterranea. Sequences were com-
pared in the NCBI database, and accession numbers
were presented in the phylogenetic tree (Figure2).

Molecular characterization

The strains identified at genus level were confirmed
by 16S rRNA gene sequencing, and the bacteria iso-
lated from the sea bass and sea bream were identi-
fied as Vibrio alginolyticus (Seq1), MW513495 and
(Seq3), MW513497, respectively. The other Vibrio
alginolyticus isolates were grouped in a distant
branch (Seq4, MW513498; Seq2 MW513496). V.
chagasii (Seq8, MW513501) was closely related to V.
chagasii type strain LMG 21353. Different from V.
alginolyticus (Seq1, MW513495) isolated from sea
bass, the V. alginolyticus strains isolated from sea
bream were not all placed in the same geno group
(branch).Furthermore, (Seq4), MW513498 was deter-
mined to be the most distant strain. The P. gelatinilyt-
ica strains (Seq5), MW513499 and (Seq9),
MW513502 were in the same group with the refer-
ence strains of P. gelatinilytica and P. shioyasa-
kiensis, NR 152003.1 and NR 125458.1, respectively,
and were 100% identical to P. gelatinilytica
(Reference  RNA sequences, RefSeq_rna) in the
NCBI database. Other Pseudoalteromonas strains
did not present an identical profile at species level.
Hence, they were identified as Pseudoalteromonas
sp. in view of their close homology with P. carra-
geenovora and P. hodoensis, the reference acces-
sion numbers of which are NR 113605.1 and NR
126232.1, respectively. The last strain isolated from
the sea bream was A. mediterranea, Seq6, which
showed close homology with the reference strain (NR
148756.1). Detailed phylogenetic relationships are
presented in Figure 2.
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Figure 2. Bacterial phylogeny based on 16S rRNA
gene sequencing.

Blood-serum analysis

The hematological values and serum biochemical
parameters of the affected fish were compared to the
results reported in a wide range of literature, in view
of normal blood values being highly variable and de-
pending on water temperature, feeding rate and re-
gime, stock conditions and fish weight (Table 2).
While the enzyme CKi was found at very low levels in
sea bass, it was found at ten times higher levels in
sea bream, similar to the case with AST values. ALT
levels fell within the suggested range in the sampled
sea bass, and were higher in the sampled sea
bream. Contrary to the sampled sea bream, most
values were lower than the reference values in the
sea bass. While lipase and GGT levels were low in
the majority of the samples, amylase levels were high
in almost all of the samples.

Leukocytosis and monocytosis were observed in both
fish species. Yet, eosinophil and basophil counts fell
within the reference ranges in the sea bream. Lym-
phocytopenia, severe thrombocytosis and high num-
bers of immature erythrocytes were also noted (Table
2 and 3).
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Macroscopic and histopathological findings

It was observed that the death of the fish occurred
faster, rigor mortis developed more quickly, and 30
seconds after being caught from the cages, the fish
remained motionless.

After being harvested, the fish suffered mainly from
cold shock. Cold shock meaning is quick freezing
after harvest. If an animal shows rigor mortis symp-
toms after quick freezing stage, this is a normal con-
dition for foods; if it is not, the product has a problem
in quick-freezing stage, naming cold shock problem.
This was associated with the very rapid development
of rigor mortis and algor mortis, such that some fish
did not even show any rigor mortis indicator such as
muscle stiffening or loss of tissue elasticity. There
were no macroscopic lesions in the body. However,
severe hemorrhage in the gills and operculum, and
hyperemia, anemia and increased mucus secretion in
the gill filaments were observed. Necropsy findings
included severe fat accumulation in the liver, and
anemia in the liver and kidneys. Another prominent
finding was the very long coagulation time or ab-
sence of coagulation in some of the fish under anes-
thesia. The macroscopic findings are presented in
Figure 3.

Figure 3. A:Haemorrhage on gill and gill arc (circle);
B: Haemorrhage in the bottom of operculum
(arrows); C: Severe fatty accumulation and anemia in
the liver; D: Fatty and anemia in the liver (short ar-
row) and hematoma in the transverse septum.
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While microscopic examination demonstrated multifo-
cal coagulation necrosis and siderosis in the spleen,
hyperemia in the blood vessels, severe diffuse fat
accumulation and vacuolar degeneration in the liver,
shrinkage of the pancreatic cells, hemorrhage and
mononuclear cell infiltration in the heart, anemia,
severe mononuclear cell infiltration, necrotic areas,
increased mucus secretion and desquamation in the
gills, the muscles appeared to be healthy (Figures4-
6).

Figure 4. A: Healthy spleen (H&E X40); B: diseased
spleen (H&E X10) includes mild necrotic area (green
arrow) and siderosis (blue arrow); C and D: Severe
diffuse coagulation necrotic area in the spleen
(arrows) (C, H&E X10), (D, H&E X10).

Erciyes Univ Vet Fak Derg 2022; 19(1): 1-10

Figure 5. A: Healthy liver tissue (H&E X40); B: mild
severity fatty accumulation in the liver (H&E X10); C:
Moderate (H&E X40) and D: severe fatty accumula-
tion in the liver (H&E X10).

Figure 6. A and B: Haemorrhage and mononuclear
cell infiltration in heart tissue (A, H&E X10; B, H&E
X40); C and D: Necrosis and desquamation in primer
and seconder lamella (arrows, H&E X10).



Erciyes Univ Vet Fak Derg 2022; 19(1): 1-10

Antimicrobial susceptibility testing

All isolates were resistant to lincomycin and oxytetra-
cycline with no growth zone. The isolated bacteria
could not be evaluated for antimicrobial susceptibility
or resistance as there was no breaking point pub-
lished by the EUCAST or CLSI for these species
(Accessed date 25.06.2021). For all isolates, the larg-
est inhibition zones were noted for florfenicol, fol-
lowed by amoxicillin-clavulanic acid in the second
place (Table 4).
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species; and the reliability of available reference val-
ues is questionable as there are multiple stress fac-
tors that affect cultured fish (Fazio et al., 2012).

High percentages of neutrophils and monocytes were
associated with lymphocytopenia in all groups. Se-
vere anemia outstood in sea bream, compared to sea
bass and previous literature reports (Esteban et al.,
2000; Roncarati et al., 2006; Yildiz, 2009; Peres et
al,, 2013; Peres et al.,, 2014; Monge-Ortiz et al.,
2016; Fazio et al., 2018). Almost all groups presented

Table 4. Antimicrobial susceptibility results of isolated bacteria®

Sul- Ami Fluo Ami Chl

fon nop Tetracy- roq Qui nogl B- Mac Clin ora

Family ami enic clines uino nolo yco lac- rolid da_m mp_h

illin lone ne . tam es ycin enic
des s s side ol

Antibiotics SXT  AML DO oT ENR OA CN AMC E MY FFC
D's"(;g;‘te"t 119 25 30 30 5 10 10 30 15 15 30
A. mediterranea 21 0(R) OR) O0(R) 15 10 23 20 15 0(R) 25
P. gelatinilytica 22 O(R) O(R) O(R) OR) O0(R) 20 11 12 0(R) 25
Pseudoalteromonas 25 18 0(R) O0(R) 20 12 28 24 30 0 (R) 35
V. anguillarum 20 23 0(R) O(R) 20 13 27 23 25 0(R) 23
V. chagasii 25 0(R) 30 0(R) 30 23 30 12 20 0(R) 40

*Zone diameter is reported in millimeters (mm). Grey cells represent resistant values

Discussion and Conclusion

In the present study, we discussed severe fatty liver
disease that triggered bacterial infection in fish from a
morphological, histopathological and molecular
standpoint. The present study was conducted on a
fish farm located in the Aegean region of Turkey,
where fish were cultured in cages and given a com-
mercial feed produced by the owner company. Mac-
roscopic findings, anamnesis and farmer feedback
pointed out to the slow movement of fish, increased
FCR, rapid development of rigor mortis, shortened
period of fluttering of the fish when taken out of the
water and very little or no blood clotting. Yellowish
and anemic liver tissue was another distinct finding.

Similar to the present study, previous studies have
reported fat accumulation to be associated with a
bronzed color of the liver, darkening of the body color
and splenic deformations (Roberts, 2001; Weisman
and Miller, 2006). In terrestrial animals, hematological
findings such as ALT, AST, GGT and protein levels
can be used as indicators of nutritional imbalance
and liver damage, whilst a correlation between fatty
liver disease and hematology has not been estab-
lished in fish. This is because routine hematology
instruments used at veterinary clinics or in human
medicine cannot offer an accurate evaluation of fish
blood samples due to the fact that fish erythrocytes
are nucleated and blood cells vary among fish spe-
cies (Yildiz, 2009; Fazio et al., 2012). In addition, the
reference ranges of many hematological parameters
are yet to be determined for a large number of fish

with severe thrombocytosis and high numbers of im-
mature erythrocytes in the blood smears. Previous
research has shown that, in fish, the immune re-
sponse is predominantly lymphocyte-mediated; thus,
lymphocytes play a primary role in acute infection,
whilst firstly monocytes and secondarily neutrophils
are involved in chronic infections. The high number of
neutrophils and monocytes detected in our study
showed that the fish were chronically infected.

Significantly altered ALT, AST, GGT, ALP and lipase
activities are directly related to liver dysfunction or
abnormalities, and high CK activity is proof of muscle
damage that prevents the stiffening required to start
rigor mortis. The underlying mechanism involves the
catalysis of creatine conversion by creatine kinase,
and the use of ATP by this enzyme to generate phos-
phocreatine and ADP. ATP separates the actin-
myosin cross-bridges and enables muscle relaxation.
When ATP is not produced in tissues, the body en-
ters rigor mortis because it is unable to break these
bridges. As high CK activity in fish causes ATP de-
pletion, tissue and muscle ATP levels could be very
low (Watabe et al., 1991). Thus, upon death, these
fish cannot enter rigor mortis or quickly progress to
algor mortis. To enlarge upon the process, the syn-
thesis of ATP is initially by creatine kinase (CK), but
subsequently by glycogenolysis and glycolysis. CK
usually drops to low levels within 1-2h postharvest.
Once CK levels drop to 75% of the initial levels, ATP
starts to decline. As CK disappears, Pi increases in
the cells postharvest, and lactate accumulates con-
comitantly with an increasing hydrogen ion (H+) con-
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centration. Once ATP reaches low levels, muscle
extensibility disappears, and both pH level and lactic
acid concentration reach their final values (in a well-
fed, rested animal). However, very high CK levels in
live fish prevent postmortem ATP decrease and mus-
cle relaxation does not occur. Therefore, the high CK
levels detected in the present study played a major
role in the absence of rigor mortis.

Liver damage also affects the Vitamin K cycle, activa-
tion of clotting factors, and blood coagulation mecha-
nism (Roberts, 2001). We observed that severe fat
accumulation and hepatocyte dysfunction caused
coagulation abnormalities in the sampled fish, which
hindered the evaluation of the hemogram. Increased
white blood counts indicate inflammation in tissues
also. The role of the liver and spleen in erythrocyte
production and maturation involves a complex mech-
anism, which has been explained by Fange (1992)
and Roberts (2001). Fish erythrocytes are known to
produce cytokine like-factors that are involved in
macrophage activation (Passantino et al., 2004). Im-
mature erythrocytes, which do not function properly,
cause phagocyte inhibition, which eventually renders
fish vulnerable to microorganisms, even those that
are commensal.

The diffuse necrotic areas in the spleen and the liver
damage detected upon histopathological examination
were considered to have caused a high level of im-
mature erythrocytes in the blood circulation. Our find-
ings related to blood clotting, rigor mortis and tissue
hemorrhage were linked to the tissue damage detect-
ed in the histopathological examination and were in
agreement with previous research. Although these
findings were directly suggestive of multiple organ
dysfunction, and primarily of hepatic lipidosis, given
that V. alginolyticus has pathogenic effects on marine
fish (Balebona et al., 1998), bacterial findings may
mask the primary cause and mislead clinicians.
There is only weak evidence on the genera Alter-
omonas and Pseudoalteromonas including pathogen-
ic species (Pujalte et al., 2007), and species belong-
ing to these genera are considered to be natural
members of marine habitats and the microbiota of
most marine fish (Skovhus et al., 2007; Garrity, 2007;
Farmer et al., 2015; Yan et al., 2016). Thus, these
bacteria having been isolated in the present study
demonstrated that the cause of death was a hidden
stress factor. If we had isolated only V. alginolyticus
and no other species, and had not examined the liver
and blood profile of the fish, we would have assumed
the presence of a bacterial infection and directly ap-
plied antimicrobial treatment. The isolation of both
potential pathogens (V. alginolyticus and V. chagasii)
and commensals (Alteromonas and Pseudoalter-
omonas) were attributed to multiple points; (I) primary
immunosuppression by multiple organ dysfunction,
(I1) phagocytic cell maturation failures associated with
liver and spleen necrosis, (lll) coagulation problems,
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thus, hemorrhage in all tissues permitting bacterial
invasion and proliferation, (IV) immature erythrocytes
not producing cytokines, which contribute to immune
defense (Figure 1). Egerton et al. (2020) have report-
ed that plant proteins significantly alter gut microbial
composition and intestine histology, and thus, directly
affect fish immunity by altering the members of the
microbial community. Changes in intestine histology
and gut microbiome balance explain how opportunis-
tic pathogens or members of microbiota become
pathogenic organisms.

Zhenyu (2014) reported five major causes of fatty
liver in farmed fish, including nutritional imbalance,
environmental pollution, physiological processes,
inter-species differences and genetic mutation. We
took notice of all these factors, such that the possibil-
ity of environmental pollution was eliminated by
screening other farms located near the sampling site,
the possible effect of physiological processes was
eliminated by sampling seemingly healthier smaller
sized fish at the same farm (with short-term exposure
to imbalanced diet), and the possibility of inter-
species differences and genetic mutations were elimi-
nated by inspecting other fish groups on the same
farm and at different farms in the same region.

In conclusion, the main (primary) problem detected in
the present study was fat accumulation in the liver,
which is referred to as hepatic lipidosis. Thus, sec-
ondary microbial infection due to cellular immune
suppression stemmed from fat accumulation in the
liver, diffuse necrotic areas in the spleen and hemato-
logical impairment. As fatty liver syndrome is mainly
diet-based and dietary imbalance is common in ani-
mals, this disease can be avoided by optimizing fish
rations. Before initiating antimicrobial treatment, an
assessment should be made for possible multi-organ
damage and severe anemia, which increases the
number of immature erythrocytes in the blood circula-
tion. Thereby, the contribution can be made to pre-
venting the spread of antimicrobial resistance in the
marine environment.
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Oz: Aricilik gelisime agik bir alandir. Bélgeden bdlgeye ciddi farkliliklar olmasinin yaninda, ayni bdlge igerisinde dahi
bircok faktorden etkilenebilmektedir. Bu galismada Malatya ilinde ari yetistiriciligi yapan isletmelerin yapisal 6zellikleri
ve Uretimlerine iliskin sorunlari incelenmistir. Aricilik faaliyeti ile ugrasanlara yonelik 2020 yili Kasim ayi ile 2021 yih
Subat aylar arasinda yapilan 77 adet anket sonuglari degerlendirilmistir. Calisma sonunda kovan basina ortalama bal
veriminin 11.87 kg dizeyinde oldudu belirlenmistir. Bu miktar Turkiye ortalamasindan diisiik ve bu fark istatistiksel
olarak anlamli bulunmustur (P<0.001). Bu galismada, diger ¢alismalardan farkl olarak sorulmus olan ariya en gok za-
rar veren canlilar arasinda farkl bir sonug bulunmustur. Bu soruya verilen cevaplar; %68.8 ari kusu, %24.7 yabani ari,
%3.9 kirpi, %2.6 hepsi seklindedir. Sonug olarak, aricilik sorunlari izerinde yapilan galismalar géz 6niine alindiginda
genel olarak bir standarda ulasilamamasi dikkat gekicidir. Calismalardaki farkliliklarin nedeni bolgesel farkhliklardan
kaynakl olabilecegi gibi ¢calismalarda bazi ayrimlarin tam olarak yapilmamasi da olabilir. Bunun yaninda, daha iyi so-
nuglar icin éncelikle dogru ve guvenilir veriler elde edilmesi icin aricilarin, sektorle ilgili kayit tutmalari 6nerilebilir. Bol-
gesel farklardan dolayi anket veya saha galismalarinin bolge insanlari tarafindan yapilmasi igin tniversiteler veya tarim
il midurlikleri 6nculik yapmasi da onerilebilir.

Anahtar kelimeler: Ari, aricilik, aricilik sorunlari, Malatya 6rnegi

A Socio-Economic Review for Beekeeping Activity: Example of Malatya Province

Abstract: Beekeeping is an area open to development. There can be significant differences from region to region.
Even within the same region, it is affected by many factors. In this study, the structural features and production prob-
lems of beekeeping enterprises in Malatya province were examined. The results of 77 surveys conducted between
November 2020 and February 2021 for those engaged in beekeeping activities were evaluated. It was observed that
the average honey yield per hive was 11.87 kg. This amount was found to be different in a statistically significant de-
gree from Turkey's average. In this study, unlike other studies, a different result was found from the answers given to
the question of the creatures known to be most harmful to the bee. Of the answers to this question, 68.8% were bee-
eaters, 24.7% were wild bees, 3.9% were hedgehogs and 2.6% all of them. Consequently, considering the studies on
beekeeping problems, it is noteworthy that a standard cannot be reached in general. The reason for the differences in
the studies may be of regional origin. Or it may be that some distinctions are not fully made in the studies. Besides, for
better results, first of all, accurate and reliable data should be obtained. For this purpose, more comprehensive data
can be obtained by ensuring that beekeepers keep records about the sector. Due to regional differences, universities
or provincial directorates of agriculture may take the lead in conducting surveys or field studies by the people of the
region.

Keywords: Bee, beekeeping, beekeeping problems, Malatya example
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Aricilik faaliyetleri basta bal olmak Uzere sadece ari
Urtnleri Uretiminde degil ayni zamanda bitki tozlas-
masinda da onemli bir yere sahiptir. Aricilik faaliyeti
asil meslek olarak yapilabilecegi gibi diger hayvanci-
lik faaliyetleri ile kiyaslandiginda daha az sermaye
gerektirmesi ve arazi milkiyeti zorunlulugu olmamasi
nedeni ile her kesimden insanin ek is olarak da yapa-
bilecegi bir gelir kaynagidir. Turkiye aricilik potansi-
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yelinde oldukca iyi bir yere sahiptir. Dinyadaki ari
irklarindan  %20’si Glkemizde bulunmaktadir. Aricilik
sektoriinde en 6nemli etken iklim sartlan ve balli bitki
cesitliligidir. DUnyadaki bal verimi olan bitki ¢esitleri-
nin %75 Tirkiye’de bulunmaktadir. Ornegin Ege
Bdlgesi Diinya Uzerinde ¢am bali Uretilebilen birkag
alandan birisidir. Turkiye’de 2016 yilinda yaklasik 8
milyon arili kovana sahip oldugu ve 100.000 ton bal
Uretimi yapildigi belirtimektedir. Buna ragmen Turki-
ye arl Urlnleri Uretiminde ve ihracatinda verimlilik
olarak istenilen diizeyde degildir (Borum, 2017; Cev-
rimli ve Sakarya, 2018a; Cevrimli ve Sakarya,
2018b). 2003-2017 yillar1 arasini kapsayan galigma-
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da Ulkemizdeki bal uretim miktari ve kovan sayisi her
gecen yil artmasina ragmen verimliligin genel olarak
azaldigi belirtiimektedir. Turkiye, dinya ulkeleri ara-
sinda arili kovan sayisi ve yillik bal dretim miktarinda
Cin'den sonra ikinci siradadir (Cevrimli, 2019). Aricili-
gin yayginlastirimasi ve gereken énemin verilmesi
durumunda kdéyden kente gégl engelleyecek sosyoe-
konomik katkisinin olabilecedi de belirtiimektedir
(Cevrimli ve Sakarya, 2019; Sirali ve ark., 2018).

Aricilik faaliyetlerinin her gecen giin arttigi Glkemizde
sorunlarin belirlenmesi ve bu sorunlara ¢ézim bulun-
masi halinde aricilik sektéri gergek degerine ulasabi-
lir. Sektérin dogru bilgi eksikligi, ekonomik yonu,
aricilik igin uygun yer bulma gibi sorunlari vardir. Bu
ve benzer sorunlara ¢ézim bulunmasi sektériin gele-
cegdi icin dnemlidir. C6zim bulunmayan sorunlar be-
raberinde bagka sorunlara da neden olabilir. Bu ek-
siklik nedeniyle arilar icin gereksiz ila¢ kullanilabile-
cektir. Bu durum hem ari hem de insan saghgi agisin-
dan sorun olusturabilmektedir (Borum, 2017; Ceylan
ve Sari, 2017).
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Gereg ve Yontem

Calismada Malatya merkezde aricilarin malzeme
almak icin ugradiklar isletmelerden yardim alinarak,
2020 yili Kasim ayi ile 2021 yili Subat aylari arasinda
basit tesadifi 6rnekleme ile yapilan 77 adet anket
sonuglari degerlendirilmistir. Rastgele 06rnekleme
yontemi toplumda aricilik yapanlar arasindan segil-
migtir. Yas, egitim durumu, meslek gibi demografik
sorularin yani sira aricilarin bilgi ve biling dizeylerini
belirlemek igin bir takim sorular yoneltiimistir. Ayrica
aricilardan ilgili kurumlardan en c¢ok hangi konuda
destek talepleri olduguna yonelik bilgiler istenmistir.
Calismada bulunan nominal degiskenler igin ylzde-
frekansi bilgisi ve ki kare testleri kullaniimistir. Verile-
rin daha 6nceki ortalamalarla karsilastirmalarinda tek
drneklem t testi uygulanmistir. Istatistik analizler igin
SPSS 21 paket programindan yararlanilmistir.

Bulgular

Calismadan elde edilen bazi genel bulgular Tablo
1’de sunulmustur.

Tablo 1. Aricilik faaliyetindeki kisilerin demografik ve bazi genel bilgileri

Ortalama Minimum-maksimum
Aricilikla faaliyetinde olan kisilerin yas bilgileri 44.78 25-76
Aricilik faaliyeti yapilan yil bilgileri 15.14 4-40
Kovan basina ortalama bal verimi (kg) 11.87 5-20
Sahip olunan kovan sayisi 61 5-300
Yil icinde sénen (6len) kovan sayisi 8.68 0-50

Aricilik faaliyetleri bolgeden bdlgeye bir takim farkli-
liklar gosterebilmekte ve birgok farkl faktérden etkile-
nebilmektedir. Bu farkhiliklardan dolayi yapilacak olan
calismalarin da bdlgeler itibariyle yapilmasinin daha
iyi sonuglar ortaya koyabilecegi dusunilmektedir.
Anket calismalar ile farkli goriis ve oneriler toplana-
cag! gibi saha calismalari ile bolgeye 6zgu irk, balli
cicek cesitleri, ari zararlilari, kovan tipi gibi bolgesel
farkliliklara goére yapilacak olan degderlendirmelerin
faydali olacadi dusunilmektedir. Bu calismalarin
genel sorunlardan sonra boélgeye gbre 6zele inmesi
ve araliklarla yapilmasi faydali gortimektedir. Yapil-
mis olan anket galismalari vardir. Ancak bunun yay-
ginlastirimasi ve her bolge igin ayr olarak degerlen-
diriimesi daha faydal olabilir (Borum, 2017; Cakmak
ve ark., 2003a). Bu ¢alismada Malatya ilinde ari ye-
tigtiriciligi yapan isletmelerin yapisal 6zellikleri ve
Uretime iligkin sorunlari incelenmistir.
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Aricillardan %63.6'sinin kurs sertifikasi varken %
36.4'U kurs sertifikasina sahip degildir. Sertifika sahibi
olanlardan %18.4°G kurslarda verilen egitimi yeterli
bulmusken %81.6’s1 verilen egitimi yeterli bulmadigi-
ni belirtmiglerdir. Aricilarin %90.9'u aricilikla ilgili bilgi
eksiklikleri oldugunu belirtirken, %9.1°i bdyle bir ek-
sikliklerinin olmadigini belirtmiglerdir.

Aricilarin aricilik faaliyetine yénelim nedenleri, ¢alis-
mak icin sectikleri ari irklar ve segtikleri irklari tercih
nedenleri ile ana arilarinin yaglarina iliskin bulgular
Tablo 2’de sunulmustur.

Aricilarin en son mezun olduklari egitim dizeyi, arici-
likla ilgili okumusg olduklari kitap sayilari ve aricilikla
ilgili sorulari olmasi durumundaki bilgi edinme kay-
naklarina iliskin bilgiler Tablo 3'te sunulmustur.

Katihmcilarin biri diginda tamaminin varroa (Varroa
destructor) tespitini yapabildikleri goértlmustir. Ayrica
%60’1 yavru ¢urUkligu etkenini (Paenibacillus larvae),
%35’i nosema (nosemosis) ve %34’U kire¢ hastaligini
(Ascosphaera apis) tespit edebildiklerini belirtmigler-
dir. Aricilarin %39'u mevsimi geldiginde her ilacin
tedbir amagli olarak verildigini belirtirken, %671’i ilagla-
ri sadece hastalik gérilmesi halinde kullandiklarini
belirtmiglerdir. Calismaya katilan aricilarin %97.4°0
kurumlarin sektore yeterince destek vermedigini belir-
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tirken, %2.6’s| yeterli destegin verildigini belirtmisler- etkisi ve en ¢ok koloni kaybina neden olan durumlara
dir. iliskin bulgular Tablo 4’te verilmistir. Ayrica aricilarin

kurumlarin yapabilecekleri destek beklentileri ve ari-
Ariliklarda, hastalik diginda ariya digardan en cok cilik sektdriinde en yilksek maliyetleri gésteren bul-
zarar veren canlilara, zirai ilaglarin ari 6limlerine olan gular da Tablo 4'te sunulmustur.

Tablo 2. Aricilik yapma nedenleri, tercih edilen ari irklari ve irk tercih nedenleri ile ana ari yaglari

Frekans Yiizde (%)

Asil meslek olarak aricilik yapryorum 19 24.7
Evin bal ihtiyaci icin aricilik yapiyorum 18 23.4
Ek gelir i¢in aricilik yapiyorum 40 51.9
Tercih ettigim irk Kafkas 57 74
Tercih ettigim 1irk Karniyol 9 11.7
Tercih ettigim irk Belfast 4 5.2
Tercih ettigim ari irkini bilmiyorum 7 9.1
Tercih nedenim verimi yiiksek olmasi 52 67.5
Tercih nedenim piyasada bulunan irk olmasi 13 16.9
Irk tercih nedenimi bilmiyorum 12 15.6
Ana arilari 1-2 yaginda olanlar 10 13.0
Ana arilari 2-3 yaginda olanlar 2 2.6
Ana arilari her yagtan olabilecekler 9 11.7
Ana arilarin yaglarini bilmeyenler 56 72.7
Tablo 3. Aricilarin egitim durumlari, aricilikla ilgili kitap okuma sayilari ve bilgi edinme kaynaklari

Frekans Yiizde (%)
ilkokul mezunu 37 48.1
Ortaokul mezunu 16 20.8
Lise mezunu 2 26
Onlisans mezunu 2 2.6
Lisans mezunu 20 26.0
Hig¢ kitap okumayanlar 64 83.1
Sadece 1 kitap okuyanlar 7 9.1
Okunan kitap sayisi 4 ve Uzeri olanlar 6 7.8
Bilgi kaynagi bagka bir arici 63 81.8
Bilgi kaynag kitap veya internet 12 15.6
Bilgi kaynagi aricilar birligi 2 2.6
Bilgi kaynagdi tarim mudurlikleri 0 0.0

Tablo 4. Arilara zarar veren canlilar, zirai ilaglarin etkisi, en ¢cok koloni kayip nedenleri, kurumlardan beklenen
destekler ve sektordeki en yluksek giderler

Frekans Yuzde (%)
En ¢ok zarar veren canli ari kusu 53 68.8
En cok zarar veren canli yabani ari 19 247
En ¢ok zarar veren canli kirpi 3 3.9
Yukaridakilerin hepsi zarar veriyor 2 2.6
Ari 6lumlerinde zirai ila¢ etkisi gok oluyor 55 71.4
Ari 6lumlerinde zirai ilag etkisi az oluyor 18 23.4
Ari 6lumlerinde zirai ilag etkisi hi¢ olmuyor 2 26
Ari 6limlerinde zirai ilaglarin etkisini bilmiyorum 2 26
En ¢ok koloni kayip nedeni varroa 49 63.6
Koloni kayip nedenlerini bilmiyorum 12 15.6
En cok koloni kayip nedeni hastaliklar 8 51.9
En cok koloni kayip nedeni zirai ilaglamalar 4 5.2
En ¢ok koloni kayip nedeni soguk hava 2 26
En cok koloni kayip nedeni aglik 2 26
Degerinde bal satilmasi i¢in destek bekleyenler 51 66.2
Baraka, karavan, pikap gibi alimlar igin faizsiz kredi verilmesi 17 221
Kovan basina verilecek nakit para desteklerinin artirilmasi 9 11.7
En yiksek gider; kek, yem gibi ari beslemeleri 64 83.1
En yiiksek gider ulagsim masraflari 9 11.7
En yiksek gider ilag alimlari 4 5.2
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Katilimcilarin %83.8’i iyi bir yer bulmada sikinti ¢ek-
tiklerini, %16.2’si ise bdyle bir sikintilari olmadigini
belirtmiglerdir. Benzer olarak aricilarin %85.7’si gittik-
leri yayladan az memnun olduklarini, %14.3 ¢ok
memnun olduklarini belirtmislerdir. Aricilardan %
44.2’si konaklama yerlerinin kendilerine ait oldugunu
belirtirken, %55.8’i ise konaklama yerlerinin kendileri-
ne ait olmadigini belirtmiglerdir. Aricilarin %87’si ku-
rumlar tarafindan mevcut konaklama yerlerinden da-
ha iyi bir yer bulunmasi durumunda gidebileceklerini,
%13’0 bdyle bir duruma ihtiyaclari olmadigini belirt-
mislerdir.

Aricilarin - %68.8’i Urettikleri Urlinleri pazarlamada
sikinti yasadiklarini, %31.2’si bdyle bir sikintilari ol-
madigini belirtmiglerdir. Calismaya katilanlarin %
48.6’s1 aricilar birligine lye iken %51.4 Gye degildir.

Aricilikta en 6nemli faktor olan balli gigeklerin dogada
artirlmasinin aricihga katkisinin 1 ile 5 arasinda pu-
anlandigi degiskenin ortalamasi 4.01 olarak bulun-
musgtur.

Tartisma ve Sonug

Aricilikla ugrasanlarin yas ortalamasini 47.3 sayisal
degeri ile veren ¢alismalar vardir. Ayrica sayisal de-
ger olmaksizin orta yas ve Uzeri oldugunu belirten
calismalar da mevcuttur. (Ayvazoglu ve ark., 2017;
Kutlu ve Kilig, 2020; S6gut ve ark., 2019; Uzundumlu
ve ark., 2011). Bu calismada da aricilikla ugrasanla-
rin yas ortalamasi benzer olarak 44.78 bulunmustur.
Ariciligin emeklilik sonrasi bir ugras veya ek gelir gibi
dusuncelerle ikinci planda kaldigi, geng nifusun yUk-
sek igsizlik oranlarina ragmen ariciliga yénelmedikleri
soylenebilir.

Bu calismada aricilik yapilan yil ortalamasi 15.14
olarak bulunmustur. Bu sonug aricilik yapilan zamani
10, 15, 18 yil olarak belirleyen calismalar ile benzer-
dir (Ayvazoglu ve ark., 2017; Kutlu ve Kilig, 2020;
Sogut ve ark., 2019; Tunca ve Cimrin, 2012). Aricilik
yapilan zamanin mesleki tecriibe acisindan yeterli
oldugu sdéylenebilir.

Kovan basina ortalama bal uretimini 4.6 kg, 5.67 kg
olarak disiik bulan galigmalar vardir. Fakat 15.6 kg
olarak belirten galismalarin yaninda 30 kg oldugunu
beliten aricilarin  varhdi  da  belirtiimektedir
(Ayvazoglu ve ark., 2017; Cakmak ve ark., 2003a;
Kekecoglu ve Go¢ Rasgele, 2013; Onug¢ ve ark.,
2019). Bu calismada ise kovan basina ortalama bal
veriminin 11.87 kg oldugu gérulmustur. Bu miktar 14
kg olarak verilen Tirkiye ortalamasindan anlaml
olarak farkli bulunmustur.

En son mezun olunan okul degiskeni her egitim sevi-
yesi igin bu ve benzer diger calismalarda ayri ayri
incelenmistir. Ancak ytkselen egitim seviyesi nedeni
ile artik Universite diizeyini diger egitim dizeylerinin
tamami ile karsilastirmanin daha anlamli olacagi
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disunilmektedir. Aricihk faaliyetindeki  kisilerden
Universite mezunu olanlarin oranini %0 ile %27 ara-
sinda belirleyen calismalar mevcuttur (Ayvazoglu ve
ark., 2017; Kekegoglu ve Go¢ Rasgele, 2013; Tunca
ve Cimrin, 2012). Bu c¢alismanin oOrneklemi iginde
Universite mezunu olanlarin orani %26 olarak bulun-
mustur. Bu durum aricihgin daha egitimli ve bilimsel
metotlarla yapildiginin géstergesi olmayabilir. Ulkenin
yukselen egitim seviyesi ile her alanda Universite
mezunlarinin dogdal olarak gogaldid disunulmektedir.

Ariciligi asil meslek olarak yapip kazang¢ getiren bas-
ka faaliyetle ugrasmayanlarin oraninin %1.4 ile %40
arasinda degistigini  bildiren g¢alismalar vardir
(Ayvazoglu ve ark., 2017; Cakmak ve ark., 2003a;
Kekegoglu ve Gog¢ Rasgele, 2013). Bu galismada ise
bu oran %24.7 olarak bulunmus olup aricilik disinda-
ki meslekler sorulmugsa da galismanin amacina dogd-
rudan katki sunmamasi ve belli bir meslek grubunda
yogunlagsma olmamasi nedeniyle yorum yapmak ge-
reksiz bulunmustur.

Koloni kayiplari igin yillara gére %10.5 ile %23.15
arasinda farkh oranlar bulunmustur. Kislatmaya bagli
kayiplar igin %10-19 arasinda belirten galismalar da
mevcuttur (Cengiz ve Yazici, 2018; Kutlu ve Kilig,
2020; Tunca ve Cimrin, 2012). Bu galismada da ben-
zer olarak yillik ortalama %14.23 koloni kaybi oldugu
gOrulmustir.

Hastalik denebilecek zararlilar iginde en ¢ok varroa-
nin oldudu caligsmalardan da anlasiimaktadir. Varroa-
nin zarari konusunda kaynaklarda %58 ile %94 ara-
sinda olduguna dair ¢aligmalar vardir. (Cakmak ve
ark., 2003b; Kutlu ve Kilig, 2020; Tunca ve GCimrin,
2012). Bu ¢calismada ise sadece 1 kisi higbir hastaligi
tespit edemedigini belirtmis, onun disinda aricilarin
tamaminin varroa tespitini yapabildikleri gortulmustar.

Bu ve benzer calismalarda varroayi tespit oranlarinin
yuksekligi bu zararlinin etkisinin blyUkligina de gos-
teriyor olabilir. Ari kaybina en ¢ok neden olanlar icin
aricilardan tarafindan verilen %63.6 varroa cevabi da
bu durumu desteklemektedir. Bu durum bilingsiz ilag
kullanimina da neden olabilir. Clnku aricilarin bilgi ve
biling diizeylerinin dusuk olmasi ve bilingsiz ilag kulla-
nimina dair veriler dederlendirildiginde bu zararli ile
micadelede ila¢ kullanimi da arastirimasi gereken
bir konu olabilir. Parazitoloji yardimi ile balda kalinti
yapmayacak daha etkili ve glvenli yontemler icin
calismalar yapilabilir. Kurumlarin veya bdlgesel ola-
rak muhtarlarin organizesi ile hastalik ile miicadeleler
ayni anda baslayarak bu zararlinin ayni anda bitirile-
rek yeniden yayilmasi dnlenebilir.

Aricilardan yer kirasi alinmasi, muhtar ve bdlge halki-
nin aricilarin konaklamasini istememesi vb. konakla-
ma sikintilari  %32.7, %78.2 olarak verilmistir
(Cakmak ve ark., 2003a; Kutlu ve Kilig, 2020; S6gut
ve ark., 2019). Bu galismanin bulgular da benzer
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sorunlara dikkat gekmektedir. Hatta aricilardan kendi-
lerine ait konaklama yeri olanlarin orani %44.2 olma-
sina ragmen bunlarin da %70.6’s1 daha iyi yer bulun-
masi halinde bu yerlere gidebileceklerini belirtmigler-
dir. Bu sonuclarin timu, aricilarin dogrudan sikinti
yagsamasalar dahi konaklama yeri konusundaki mem-
nuniyetsizliklerinin géstergesi olabilir.

Daha 6nce yapilan galismalarda aricilarin %93’U bilgi
eksikleri oldugunu belirtmiglerdir. Ayni c¢alismada
sertifika igin verilen egitimin yetersizligine de vurgu
yapilmigtir. Aricilarin soru sormak icin Universitelere
yénelmedigi deneyimli aricilara danistiklari belirtilmis-
tir (Cakmak ve ark., 2003a; Erkan ve Askin, 2001;
Kutlu ve Kilig, 2020). Bu ¢alismada da benzer sonug-
lar bulunmustur. Konunun bulgulari kendi iginde de
bu durumu desteklemis, verilen egitimi yeterli bulma
gorusu ile bilgi eksikligi arasindaki iliski istatistik ola-
rak anlamsiz bulunmustur. Yani her ne kadar aricilar-
dan %18.4’U sertifika igin verilen egimi yeterli bulduk-
larini belirtseler de mesleki bilgi konusunda eksikleri
oldugunu da belirtmiglerdir. Bilgi eksikligi ile kitap
okuma arasindaki iligkiye bakilan ki kare testi de ista-
tistiksel olarak anlamsiz bulunmustur. Hatta herhangi
bir sayida kitap okuyanlarin tamami bilgi eksikleri
oldugunu belirtmisken, bilgi eksikleri olmadigini belir-
tenlerin tamami hi¢ kitap okumayanlarin arasindan
cikmistir. Bu durum aricilikla ilgili bilgilerin hala gele-
neksel yollardan elde edildiginin gostergesi olabilece-
gi gibi teoriden ziyade pratikle alakali oldugunun da
gOstergesi olabilir. Bu nedenle kurs egitimlerinde
uygulamaya yer verilmesi faydal olabilir. Arilar igin
ila¢ kullanma durumu da aricilarin bilgi ve biling dize-
yi belirleyicisi olabilir. Hastalik goérilmese dahi mevsi-
mi geldiginde her ilaci tedbir amagh kullananlarin %
39 olan orani yiksek bir orandir. Hastalik gorilmedigi
halde ila¢ kullanimi antibiyotik direnci gibi durumlara
neden olabilecegi gibi ila¢g kalintisi nedeni ile insan
saghigi icin de ciddi bir tehdit olabilir (Kilig ve Yenil-
mez, 2019). Baldaki kalinti nedeni ile ge¢gmis yillarda
Avrupa Ulkelerine bal satiginin yasaklanmasi da ko-
nunun O6nemini gdstermektedir (Cakmak ve ark.,
2003a). Konunun aricilardaki bilgi eksikligi ile kargi-
lastirmasi yapildiginda istatistik olarak anlamli olma-
digi1 gérulmustdr. Yani aricilardan bilgi eksikligi olma-
digini iddia edenlerin de tedbir amagcli ila¢ kullandigi
gOrulmustir. Bu durumda aricilik hakkinda bilgi ek-
sikligi olmayanlarda da biling eksikligi oldugu sodyle-
nebilir. ilag kullanimi ile kitap okuma arasinda yapilan
karsilastirma da benzer sonug vermigtir. Yani aricilik-
la ilgili kitap okumanin bilingsiz ila¢ kullanimina engel
olamadigi sdylenebilir. Bununla birlikte gereksiz ilag
kullaniminin gereksiz maliyete de neden olacagi unu-
tulmamahdir.

Bilgi ve biling konusundaki olumsuz goriinen tabloya
ragmen aricilarin bilgi eksiklikleri oldugunu kabul
etmeleri gelecek igcin umut verici olabilir. Bu durum
yeterli ve dogru bilgilendirme yapilmasi halinde yan-
lista i1srar etmemelerinin nedeni olabilir. Clnkl giri-
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simcilerin basarisi, iyi bir misyon ve vizyonu igin egi-
tim seviyesi, bilgi edinme kaynaklari, yenilige acik
olmalari, 6z guvenleri, bilgi ve biling dizeyleri 6nemli-
dir (Celik, 2019; Cetinkaya Bozkurt ve Alparslan,
2013).

Bu calismada diger calismalardan farkli olarak sorul-
mus olan, ariya en ¢ok zarar veren canllarindan %
68.8 ar kusu orani dikkat g¢ekicidir. Karsilastirma
yapilan galismalarda buna dair veri bulunmadidi gé-
rulmustur. Bu konuda daha kapsamli ¢calismalar yapi-
labilecegi gibi ornitologlarin da yardimiyla farkh ¢o-
zum o6nerileri gelitirilebilir.

Zirai ilaglarin ari élumlerine neden olmasi 6nceki ¢a-
lismalarda da raporlanmistir (Cakmak ve ark., 2003a;
Kutlu ve Kilig, 2020). Bu ¢alismada da zirai ilaglama-
larin ar1 8lumlerine neden oldugu belirtilmigtir. Ancak
bu durumun sadece gézlemle degil bilimsel ¢aligma-
larla desteklenmesinin, ziraat mihendisi ve entomo-
loji uzmanlarinca bolgelere 6zgi ¢alisma yapilmasi-
nin faydali olacagi disunutlmektedir.

Verimi artirmada arilarin irki da énemlidir. Bu ¢alis-
mada irk tercih nedeni %67.5 oraninda “verimi yuk-
sek oldugu igin” seklindedir. Ancak aricilarin verim
yuksekligi tespitini arastirma ve goézlemle degil du-
yumla elde ettikleri gézlenmistir. Aricilarin bilgi di-
zeylerine iligkin bulgularda bu durumu desteklemek-
tedir. Oysa konunun, boélgenin iklimi ve bélgede arila-
rin yararlandidi ciceklerin yapisina gére degerlendiril-
mesinin daha faydal olacagi diisiiniilmektedir. Orne-
gin, Kafkas irki ari hortumu en uzun irk olarak bilin-
mekte ve tercih edilmektedir. Arilarin faydalandigi
gicek ozlerinin ylUzeysel oldugu bitkilerde bu 6zellik
Onemini yitirmis olacagindan farkli irklar tercih edile-
bilir. Veya bir bélgede soguk iklime dayanikli 6zellik-
lerinden dolayi tercih irklarin, ihman iklimde tercih
edilmesi gereksiz olabilir.

Orneklem secimleri kayitl aricilar arasindan yapilabi-
lir. Ancak kayit digi aricilik faaliyeti ile ugrasanlarin
sayisi da istatistik ¢gikarma agisindan énemli olabilir.
Aricilar birligine uyeligi %76 olarak belirleyen ¢alisma
vardir (Kekecoglu ve Gé¢ Rasgele, 2013). Bu calis-
mada ise katilimcilarin %48.6’s1 aricilar birligine tye
iken %51.4’4 Uye degildir. Birlige tye olmanin, koo-
peratiflesme ve is birligi anlamindaki katkilar ayri bir
arastirma konusu olabilir. Ancak bu durum énemli bir
konuya daha dikkat etmeyi gerektirebilir. Sadece
kayitli aricilardan elde edilen verilerle yapilacak calis-
malarda eksik bilgiler olma ihtimali olabilir. CUnk
kayit digi aricilik faaliyeti yapanlara iliskin verilere
ulagilamaz. Bu eksikligin oransal degerlerden g¢ok
sayisal degerleri etkileyecegdi diisiiniilmektedir. Orne-
gin kovan basina verim, oran hesabi oldudu igin ¢ali-
silan orneklem igin bulunabilir. Ancak toplam arili
kovan sayisi gibi degerler gercek degerinden daha
dislik gikacaktir. Benzer olarak kayit disi aricilik ne-
deni ile konaklama planlamalarinda da zorluk yasa-
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nabilir. Bazi bdlgelerin ari kolonisi yogunlugu c¢ok
olurken bazi bdélgelerin daha az olabilir. Bu durum ise
istatistik caligmalarin amacina ulagsmasina engel ola-
bilir. istatistigin amaclarindan biri eksik bilgilerden
cikarim yaparak gelecege yonelik planlamalar yap-
maktir. Bunun iginde 6ncelikle verilerin dogru ve gu-
venilir olmasi gerekmektedir (Baydemir, 2021).

Yapilan calismalarda urin pazarlama sorunlarina
dikkat cekilmistir (Erkan ve Askin, 2001; Kekecoglu
ve Go¢ Rasgele, 2013; Ségut ve ark., 2019). Bu
¢alismanin sonuglari da benzer olup sektérin pazar-
lama sorunlarinin devam ettigi sdylenebilir.

Aricilikta en 6nemli faktorlerden biri de ball bitkilerdir.
Bu tur bitkilerin dodada artirilmasinin ariciliya katkisi
aricilar tarafindan 6énemli bulunmustur. Ancak konu-
nun kisisel gorus ve sadece gdzlemle ele alinmasi
yerine, uzman kisilerce bilimsel calismalarla destek-
lenmesi daha faydali olabilir. Balli bitkilerin yayginlas-
masi durumundaki verim artigi icin Orman Boélge Mu-
durliklerinin  katkilari  ile galismalar yapilabilir
(S6nmez ve Gencal, 2019).

Sonug olarak; ariciligin, gelisime agik oldugu ve ge-
listiriimesinin katkilarina birgok galismada vurgu ya-
pilmigtir. Ancak konu lzerinde yapilan ¢alismalar g6z
Onune alindiginda bir standarda ulasilamamasi dikkat
¢ekicidir. Sorunlarin yogunlastigi konular vardir. An-
cak sayisal degerlerde yine de farkhlklar bulunmak-
tadir. Turkiye'nin aricilik faaliyetlerine uygunluk po-
tansiyeli konusunda fikir birligi vardir. Ari zararlilarin-
dan varroa ile yapilan ¢alismalardan elde edilen ben-
zer sonuglar vardir. Pazarlama, aricilarin uygun yer
sikintisi yasamasi, dogru bilgi kaynagina ulagsma
konularinda benzerlik bulunmaktadir. Calismalardaki
farkhhklarin nedeni bolgesel farklardan kaynakl ola-
bilecegi gibi calismalarda bazi ayrimlarin tam olarak
yapilmamasi da olabilir. Ornegin, bal déneminde ari-
ya seker beslemesi yapilmis; yani sekerli bal ile orga-
nik bal Uretimi ayri degerlendirilebilir. Sekerli bal treti-
cilerinde verim daha yiksek olabilecegi gibi pazarla-
ma ve fiyat konusunda da ayrim olacaktir. Bu durum-
da da toplumda sekerli bala olan hakli 6n yargi nede-
ni ile Ureticilerinin dogru bilgi vermeme ihtimallerinin
olabilecegi de unutulmamalidir. Gerekirse ariliklarda
g6zlemleyerek arastirma yapilmasi dusunulebilir.
Yine arastirmalarda calismanin yapildigi déneme
6zgl hususlarin acgiklanmasi ve sonuglarin ona gére
yorumlanmasi da faydali olabilir.
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Oz: Bu calismada, evcil dostlarimizdan olan kedilerin mevcut durumu, beslenme sekilleri ve barinma sartlari ve kedi
sahiplerinin demografik yapilari ile kedilerinin beden dilini anlama seviyelerinin belirlenmesi amaglanmistir. Arastirma
materyalini, Elazi§ ilinde yasayan, pet kliniklerine ve hayvan hastanesine gelen, rastgele belirlenmis ve gonulli olarak
katilan, yaslari 18-52 (ortalama 29.90) arasinda degisen toplam 93 kedi sahibi ile yliz yiize yapilan anket ¢alismasin-
dan elde edilen veriler olusturmustur. Arastirma sonuglarina gére, katilimcilarin %51.60'1 erkek, %57.00’si bekar ve %
66.70'inin gocugunun olmadigi, %50.50'si lisans mezunu, %32.30'u 6grenci ve %44.10’unun ise disik gelirli oldugu,
ayrica %33.30'unun kedisini sokaktan aldigi, %78.50'sinin veteriner hekimden bilgi edindigi, %40.90’inin tatilde iken
kedisini yaninda goturdigu ve %44.10'unun kedisini market mamasi ile besledigi tespit edilmistir. Katimcilarin kedi
beden dili ile ilgili sorulara %51.24°G yanlis cevap vermislerdir. Sonug olarak, ankete katilan kedi sahiplerinin cinsiyeti-
nin, medeni durumlarinin, gocuk sahipligi durumlarinin, egitim ve gelir durumlarinin kedilerin beden dilini anlama agi-
sindan 6nemli bir etkisinin olmadigi belirlenmistir. Ayrica, kedi sahiplerinin kedilerinin beden dilini anlama konusunda
yeterli olmadiklari, bu konuda 6nemli bir bilgi eksiklikleri oldugu agik¢a anlasiimaktadir. Bu eksikligin giderilmesi igin
kedi besleyen kisilerin kedi beden dili hakkinda uzman kisilerden egitim almasi gerekmektedir.

Anahtar kelimeler: Beden dili, Elazig, kedi

Determining The Level of Cat Owners’ Body Language Understanding: The Elazig Province Example
Abstract: In this study, it was aimed to determine the current status, feeding and housing conditions of cats, which are
our pet friends, and the demographic structure of the owners and the level of understanding their cats' body language.
The research material consisted of the data obtained from a face-to-face survey of 93 cat owners living in Elazig, com-
ing to pet clinics and animal hospital, randomly determined and voluntarily participating, aged 18-52 (average 29.90).
According to these data, 51.60% of the participants were male, 57.00% were single and 66.70% had no children,
50.50% had undergraduate degree, 32.30% were students and 44.10% had low-income. It was also determined that
33.30% bought their cat from the street, 78.50% got information from the veterinarian, 40.90% took their cat with him
while on vacation, and 44.10% fed their cat with market food. 51.24% of the participants gave wrong answers to the
questions about cat body language. As a result, it was determined that the gender, marital status, parenting status,
education and income status of the cat owners who participated in the survey did not have a significant effect on under-
standing the body language of the cats. Besides, it is clearly understood that cat owners are not qualified enough to
understand the body language of their cats, and that there is a significant lack of knowledge on this subject. In order to
overcome this deficiency, people who keep cats should receive training from experts about cat body language.
Keywords: Body language, cat, Elazi§

Girig Kediler insanlar ile davraniglari araciligiyla iletisim

. . . . kuran sosyal hayvanlardir. insanlar ile kediler arasin-
Hayvanlarin evcillestiriimesiyle baglayan strec, pet daki sosyal iligkilerde, kimi zaman kedilerin icglidiisel
hayvani olarak isimlendirilen kedi ve kopek gibi eveil olarak beklentileri ile insanlarin olagan beklentileri
hayvanlar glinimiizde insanoglunun etrafinda her arasinda farklliklar vardir. Kedilerin birtakim sosyal
zaman yer almistir. Kediler ilk evcillestirilen kopekler- davraniglari insan davraniglarindan o kadar farklidir
den  binlerce yil  sonra evcillestiriimiglerdir ki manasinin sezgiyle anlagiimasi imkansizdir. Evcil
(Macdonald, 1985). hayvanlar, insanlarin hayatlarinda onlara arkadaslik

eden bir yagsam devam ettirmektedirler. Kediler insan-
larla olan ahenkli davraniglari, ev hayati igerisinde
Gelis Tarihi/Submission Date : 15.03.2021 uyumlu olmalari ve insanlarla arkadaslik etme gibi
Kabul Tarihi/Accepted Date  : 04.11.2021 davranigsal ve karakteristik Ozellikleri sebebiyle en
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¢cok talep edilen evcil hayvan tirlerinden biridir
(Odendaal, 2005; Crowell-Davis ve ark., 2004; Ellis,
2009; Desforges ve ark., 2016).

Kediler, yasam olarak bireyseldirler. Strt dizeni ol-
madigi icin, kendilerini tam olarak ifade edebilmeleri
gereksiz gatismalardan kaginmalari agisindan 6nem-
lidir. Bu nedenle kedilerin beden dilleri ve ylz ifadele-
ri oldukc¢a belirgindir. Kediler beden dilini kullanarak,
yani duruglariyla, uzuvlarinin ve kulaklarinin pozisyo-
nunu degistirerek ve piloereksiyon ile sinyal génderir-
ler. Cogu zaman gozlerinde, adzinda, kulaklarinda,
kuyrugunda ve hatta kirklerinde gorilen birgok gor-
sel ipuglari saglarlar. Bu ylGzden, ylz ve viicudun her
alanina ayri ayri bakmak ve degerlendirmek, kedi
iletisim sinyalleri ve bu ipuglarini anlamaya yardimci
olur (Sargirli ve Atasoy, 2013; Seksel, 2014; Ano-
nim1, 2020).

Dunyada oldudu gibi Turkiye’de de evcil hayvanlara
Ozellikle de kedilere olan ilgi ve talep her gegen gin
artmaktadir. Evlerimizin birer ferdi gibi yetistirilen
kediler sahiplerine hem mutlu zamanlarinda arkadas-
lik etmekte hem de Gzuntuli oldugu zamanlarda bir
dost gibi onlari mutlu etme ¢abasi icerisine girmekte-
dirler. Ancak, kedi sahipleri kedilerinin ne anlatmak
istedigini bazen anlayamamaktadirlar. Cogu zaman
birlikte zaman gegirmis olsalar bile hangi ruh haline
sahip olduklarini tahmin bile edememektedirler. Bu
acidan kedi beden dilini anlamak ve dogru iletisime
gecmek yetistiricilik agisindan 6nem arz etmektedir.

Bu c¢alismada, evcil dostlarimizdan olan kedilerin
davranis durumlari, beslenme sekilleri ve barinma
sartlari ve kedi sahiplerinin sosyo-demografik yapilari
ve kedilerinin beden dilini hangi 6lglide dogru anla-
diklarinin belirlenmesi amaglanmistir.

Gereg ve Yontem

Arastirma materyalini; Elazi§ ilinde yasayan, pet Kli-
niklerine ve hayvan hastanesine gelen, rastgele belir-
lenmis ve @gonulli olarak katilan, yaslarn 18-52
(ortalama 29.90) arasinda degisen toplam 93 kedi
sahibi ile yluz ylze gerceklestiriien anket yontemi
kullanilarak elde edilen veriler olusturmustur. Arastir-
ma igin onay belgesi Firat Universitesi Girisimsel
Olmayan Arastirmalar Etik Kurulu'ndan alinmistir
(Karar no:2020/03-11).

Anket calismasi 2020 yili Haziran-EyllUl aylari arasin-
da yapilmistir. Toplam populasyon buyuklugu belirle-
nemedigi icin tesadufi drnekleme yontemi kullaniimig-
tir. Anket, degerlendirme kolayligi agisindan iki farkl
kisimdan olugmustur. Birinci kisimda veteriner klinik-
lerine ve hayvan hastanesine gelen kedi sahiplerinin
sosyo-demografik yapilariyla ilgili 11 soru, ikinci ki-
simda ise kedi sahiplerinin kedilerinin beden-vicut
dilini ne dizeyde dogru anladiklarini belirlemek igin
Sekil 1'de ki formatta oldugu gibi gérseller kullanila-
rak 20 soru yodneltiimistir. Anketteki sorular, diger
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farkli galismalardaki benzer sorulardan da yararlani-
larak, arastirma ekibi tarafindan hazirlanmistir (Demir
ve ark., 2014; Erten ve ark., 2019; Salgirli ve ark.,
2012).

i m——
 dehsete kapim
Tedirgin o

Korkmus

Sekil 1. Sizce asagidaki kedilerin beden-viicut dili ile
anlatmak istedigi nedir? (Anonim3, 2021).

Anket calismasi neticesinde elde edilen verilerin 6n-
celikle tanimlayici istatistikleri hesaplanmistir. Bu
kapsamda her parametre igin sayisal ve yuzde (%)
frekanslar belirlenmistir. Arastirmada kedi sahipleri-
nin sosyo-demografik yapilari kapsaminda incelenen
cinsiyet, medeni durum, cocuk sahipligi, egitim ve
gelir durumuna goére kedi beden dilini ne dizeyde
bildiklerini belirlemek amaciyla sorulan sorulara ver-
dikleri cevaplara ait dogru ve yanlis oranlari (%) ara-
sindaki karsilastirmalarda pearson ki kare testinden
yararlaniimisgtir. Analizlerde 6nemlilik dizeyi olarak
P<0.05 degeri kabul edilmistir (Akgul, 2005). Hem
tanimlayici istatistiklerin hesaplanmasinda hem de ki
kare analizlerinin yapilmasinda SPSS 22.0 progra-
mindan yararlaniimistir (Anonim2, 2021).

Bulgular

Katilimcilara, birinci bélimde sosyo-demografik yapi-
lanyla ilgili farkh parametrelerden olusan sorular yo-
neltilmistir. Ankete katilan kedi sahiplerinin cinsiyet,
medeni durum, ¢ocuk sahipligi gibi durumlarin analiz
sonuglari Tablo 1°'de verilmistir. Elde edilen verilere
gore, katilimcilarin %51.6’s1 erkek, %57.0’si bekar ve
%66.7’sinin gocugunun olmadigi tespit edilmigstir.
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Tablo 1. Kedi sahiplerinin cinsiyet, medeni durum ve gocuk sahipligi durumlari

Omer ERTEN

n %
Cinsiyet Kadn P g
y Erkek 48 51.6
. Evli 40 43.0
Medeni durum Bekar 53 57.0
C s Var 31 33.3
Cocuk sahipligi Yok 62 66.7

Ankete katilan kedi sahiplerinin, egitim, meslek ve
gelir durumlari ile ilgili sonuglar Tablo 2’de belirtilmig-
tir. Katilimcilarin %50.5’i lisans mezunu, %32.3’U
ogrenci ve %44.1’i 2500 (TL) ve alti gelir seviyesinde
oldugu belirlenmistir.

Tablo 2. Kedi sahiplerinin egitim, meslek ve gelir durumlari

Katilmcilarin, kedilerini sahiplenme yeri, kedi yetigtiri-
ciligi ile ilgili bilgi edinme sekli, kedilerini tatilde iken
biraktig1 yer ve kedilerini besleme sekli gibi paramet-
relerin analiz sonuglari Tablo 3’te verilmistir. Anket
verileri incelendiginde; ankete katilan kedi sahipleri-

n %

ilkdgretim 5 5.4

Ortadgretim 8 8.6

Egitim Onlisans 14 15.1
Lisans 47 50.5

LisansuUsti 19 20.4

Esnaf 5 54

Memur 25 26.9

IsGi 2 2.2

Meslek Ogrenci 30 32.3
Calismiyor 9 9.7

Diger 22 23.7

2500 ve alti 41 44 1

. 2501-5000 29 31.2
Gelir (TL) 5001-10000 21 22.6
10001 ve Ustl 2 2.2

Tablo 3. Kedi sahiplerinin kedileriyle ilgili farkli parametrelerdeki durumlari

n %

Barinak 13 14.0

Sokak 31 33.3

Kedi sahiplenme yeri Pet shop 17 18.3
Arkadas 18 194

Yetigtirici 14 15.1

Veteriner hekim 73 78.5

internet 16 17.2

Bilgi edinme sekli Arkadas 2 22
Diger 2 2.2

Pet pansiyon 18 19.4

. - Arkadas 29 31.2
Tatilde biraktig: yer Yaninda 38 40.9
Diger 8 8.6

Market mamasi* 41 441

Besleme sekli Profesyonel mama** 38 40.9
Kendi hazirliyor 14 15.1

* Marketlerde satilan temel besin 6geleri bulunan kuru mama.
** Recgetelendirilmis veya 6zel beslenme kosullari igin hazirlanmis kuru mama.
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Tablo 4. Kedi sahiplerinin kedi beden dili gérseline gére verdikleri cevap oranlari

Dogru Yanhs

Beden dili gorselleri n % n %

ligili 42 452 51 54.8
Dikkatli 49 52.7 44 47.3
Dost canlisi 78 83.9 15 16.1
Hognut 35 37.6 58 62.4
Rahatlamig 40 43.0 53 57.0
Avci 38 40.9 55 59.1
Temkinli 57 61.3 36 38.7
Korkmus 64 68.8 29 31.2
Giivenen 27 29.0 66 71.0
Asirn dehsete kapilmig 76 81.7 17 18.3
igrenmis 79 84.9 14 15.1
Bu benim 30 323 63 67.7
Oyuncu 48 51.6 45 48.4
Heyecanli 18 19.4 75 80.6
Rahatlamig 48 51.6 45 48.4
Endiseli 26 28.0 67 72.0
Kaygih 26 28.0 67 72.0
Tehdit edilmis 64 68.8 29 31.2
Dehsgete kapiimig 25 26.9 68 73.1
Tedirgin 37 39.8 56 60.2

nin %33.3’Unln kedisini sokaktan aldigi, %78.5’inin
veteriner hekimden bilgi edindigi, %40.9’unun kedisini
yaninda gotirdigu ve %44.17’inin kedisini market
mamasi ile besledigi tespit edilmigtir.

Ankete katilan kedi sahiplerine, ikinci bélimde kedile-
rinin beden dilini anlama seviyelerini belirlemek icin
sorular yoéneltiimistir. Katiimcilarin anket sorularina

verdikleri cevaplarin istatistiksel analiz sonuglari Tab-
lo 4’te verilmistir. Ankete katilan kedi sahipleri kedi
beden dilleri arasinda en ¢ok “igrenmis” sorusuna %
84.9 oraninda ve en az “heyecanl” sorusuna %19.4
oraninda dogru cevap vermislerdir.

Ankete katilan kedi sahiplerinin sosyo-demografik
yapilarina gére kedi beden diline verdikleri cevap

Tablo 5. Kedi sahiplerinin sosyo-demografik yapilarina gére kedi beden diline verdikleri cevap oranlari (%)

Dogru Yanhs
Kadin 48.33 51.67
Cinsiyet Erkek 4917 50.83
P 0.887
Evli 47.50 52.50
Medeni durum Bekar 49.72 50.28
P 0.726
Var 46.45 53.55
Cocuk sahipligi Yok 49.92 50.08
P 0.571
iIkdgretim 40.00 60.00
Ortadgretim 58.75 41.25
Egitim Onlisans 46.07 53.93
Lisans 47 .45 52.55
Lisansusti 52.11 47.89
P 0.087
2500 ve alti 48.66 51.34
2501-5000 46.21 53.79
Gelir durumu (TL) 5001-10000 51.90 48.10
10001 ve Usti 55.00 45.00
P 0.615
Genel 48.76 51.24
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oranlari Tablo 5'te verilmistir. TUm sorulara verdikleri
cevabin %51.24’G yanhs cevap olarak tespit edilmis-
tir. Ayrica katihmcilarin sosyo-demografik yapilan ile
kiyaslandiginda, egitimde ortadgretim (%58.75) ve
lisansustu (%52.11) ile gelir durumu orta (%51.9) ve
yuksek (%55.0) olan kisilerin verdikleri dogru cevap
orani yanlis cevap oranindan yiksek, diger tim sos-
yo-demografik parametreler igin yanlis cevap orani
daha ylksek oldugu tespit edilmigtir.

Bu galisma bulgulari genel olarak degerlendirildigin-
de, katihmcilarin gogunlugunun kedilerin beden dilini
anlama konusunda yeterli olmadiklari, bu konuda
Onemli bir bilgi eksiklikleri oldugu agik¢a anlagiimak-
tadir.

Tartisma ve Sonug

Son zamanlarda Turkiye’de pet hayvanlarina olan ilgi
artmis ve insanlar artik oldukga yaygin bir sekilde
evcil hayvani yetistirir duruma gelmistir. Kisilerin evcil
hayvani sahibi olmalari konusunda 6zellikle uzman
kisilerin fikirleri katki saglamistir. Buna ragmen, evcil
hayvan sahiplerinin pet hayvani yetistirme konusunda
ne kadar dogru uygulamalar yaptiklari ve dogru bilgi-
ye sahip olduklar bilinmemektedir (Salgirli ve ark.,
2012).

Mevcut arastirma sonuglarina goére, kedi sahiplerinin
sosyo-demografik yapilarina goére kedi beden diline
verdikleri cevap oranlari (%) incelendiginde; ele ali-
nan tim sosyo-demografik 6zellikler (cinsiyet, medeni
durum, ¢ocuk sahipligi, egitim ve gelir durumu) baki-
mindan kedi beden dilini ne duzeyde bildiklerini belir-
lemek amaciyla sorulan sorulara verdikleri cevaplara
ait dogru ve yanlis oranlari (%) arasindaki karsilastir-
malarda istatistiksel olarak 6nemli farkhliklar bulun-
mamistir (P>0.05). Bu sonuglara gore kedi sahipleri-
nin sahip olduklar sosyo-demografik 6zelliklerin kedi-
lerin beden dilini anlama agisindan énemli bir etkisi
olmadigi belirlenmigtir.

Ankete katilan kedi sahiplerinin sosyo-demografik
Ozellikleri de@erlendirildiginde ise, erkek katilimcilarin
orani (%51.6) daha fazladir. Bu oran bazi ¢aligmalar-
dan yuksek (Demir ve Ugurlu Kog, 2014; Sarial Kubi-
lay, 2019), bazi ¢alismalardan dusiik (Ograk ve ark.,
2014), bazi galismalar ile benzer oldugu goérilmustir
(Erten ve ark., 2019). Ayrica bekar katihmcilarin ora-
ni (%57.0) evlilerden daha fazla oldugu gortlmustr.
Bu oran benzer calismalar ile kiyaslandiginda, bazi
calismalardan dustk oldugu gérilmustir (Sarial Ku-
bilay, 2019), bazi ¢alismalar ile benzer oldugu géril-
mustir (Ograk ve ark., 2014; Erten ve ark., 2019).
Katilimcilarin gogunlugunun (%66.7) gocugu yoktur.
Bu oran bazi c¢aligmalardan yiksek (Erten ve ark.,
2019), bazi ¢alismalardan dislk oldugu goérilmustir
(Sanal Kubilay, 2019).

Katihmcilarin egitim dizeyine bakildiginda en fazla
(%50.5) lisans mezunu ankete katilmistir. Yapilan

Omer ERTEN

benzer ¢alismalar incelendiginde, bu oran bazi galis-
malardan disuk oldugu goérilmustir (Sarial Kubilay,
2019), bazi ¢alismalar ile benzer oldugu gorilmustir
(Ograk ve ark., 2014; Demir ve Ugurlu Kog, 2014;
Erten ve ark., 2019). Ankete katilan kedi sahiplerinin
meslek durumu olarak ilk sirada 6grenci kategorisi (%
32.3) gelmektedir. Bu oran bazi ¢alismalardan yuk-
sek (Demir ve Ugurlu Kog, 2014) iken bazi ¢alisma-
lardan disuk oldugu goérilmuastir (Erten ve ark.,
2019). Katihmcilarin gelir diizeyi incelendiginde di-
suk gelirli olanlarin orani (%44.1) en fazladir. Bu oran
benzer bir calismada dlslk gelirli olanlarin oranindan
(%34.1) daha yuksektir (Saral Kubilay, 2019).

Ankete katilan kedi sahiplerinin en fazla sokaktan (%
33.3) kedi sahiplendigi ve bu oranin bazi ¢aligmalar-
dan yuksek (Erten ve ark., 2019), bazi ¢alismalardan
disik oldugu (Sarial Kubilay, 2019) tespit edilmistir.
Katihmcilarin gogunlugu (%78.5) kedileriyle ilgili bilgi-
yi veteriner hekimden 6grenmektedir. Bu oran benzer
bir galismadaki orandan dusuktir (Erten ve ark.,
2019). Ankete katilan kedi sahipleri tatile gittiklerinde
kedilerini yaninda (%40.9) goétirmektedir. Bu oran
benzer calismalarda belirtilen oranlardan dusuktur
(Sarial Kubilay, 2019; Erten ve ark., 2019). Katilimci-
larin gogunlugu (%44.1) kedilerini market mamasi ile
beslerken bu oran benzer ¢alismadaki orandan yuk-
sek oldugu tespit edilmistir (Erten ve ark., 2019). Bu-
nun sebebi olarak dustk gelirli kigilerin alim gliciine
goére market mamasini daha ¢ok tercih ettigi dusunul-
mektedir.

Beden dillerinin ne anlama geldigini bilmek, yeni aldi-
gimiz bir kedinin eve daha rahat ve daha hizli bir
sekilde alismasina yardimci olabilecegi diisiintilmekte-
dir. Ayrica kedide ve ¢evresinde olusacak isiriklari ve
cizikleri 6nleyebilir, kedinin davranis sorunlarini ve bu
sorunlarin temel nedenlerini belirleyebilir. Bu sorunla-
rin giderilmesine yonelik bir plan gelistirilebilir
(Chistopherson, 2015).

Ankete katilan kedi sahipleri kedilerinin beden dilini
tam olarak bilmedikleri belirlenmistir. Katihmcilarin %
51.24’G kedilerinin beden dili ile ilgili sorulara yanhs
cevap vermistir. Bunun sebebi kedi sahiplerinin kedi
beden dili konusunda bilgi eksikliginden kaynaklandi-
g1 disunilmektedir. Ayrica katihmcilarin, kedi ben-
den dili gorsellerine verdikleri cevaplara gore;
“igrenmis” (%84.9), “dost canlisi” (%84.9), “asir
dehsete kapilmis” (%81.7), “korkmus” (%68.8) ve
“tehdit edilmis” (%68.8) oranlariyla en ¢ok dogru
cevap iken, “heyecanli” (%19.4), “dehsete kaplil-
mis” (%26.90), “kaygih” (%28.0) ve “glvenen” (%
29.0) gorseline verdikleri cevaplar en az dogru cevap
olarak belirlenmigtir. Kedi sahipleri kedilerinin beden
dillerinden, kedilerin asiri tepki, sesli ve daha acik bir
sekilde gosterdikleri beden dillerini daha iyi anladikla-
ri; duygularini tam yansitamadiklar ve belli belirsiz
bir sekilde olan beden dillerini iyi anlamadiklar tespit
edilmistir. Her ne kadar birlikte yasasak da, gtin igeri-
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sinde birlikte zaman gecirmis olsak da kedilerin be-
den dili ile ne anlatmak istedikleri agikardir.

Katihmcilardan evli olanlarin (%52.50) ve c¢ocugu
olan Kisilerin (%53.55) yanlig cevaplari, bekar ve ¢o-
cugu olmayanlara gére daha fazla oldugu goérulmus-
tur. Evli ve gocugu olan kisiler zamanlarini daha ¢ok
esleri ve ¢ocuklarina ayirdiklari igin kedi benden dilini
anlamada yetersiz kaldigi distnulmektedir. Katilimci-
lardan ortadgretim mezunu olan Kisilerin verdikleri
cevaplar %58.75 oraninda, gelir durumunda ise yuk-
sek gelirli kigilerin verdikleri cevaplar %55.00 oranin-
da en yuksek dogru cevap olarak belirlenmisgtir.

Sonug olarak bu ¢alismada, ankete katilan kedi sa-
hiplerinin cinsiyetinin, medeni durumlarinin, ¢ocuk
sahipli§i durumlarinin, egitim ve gelir durumlarinin
kedilerin beden dilini anlama acgisindan énemli bir
etkisi olmadigi, kedilerin beden dilini benzer dizeyler-
de anladiklari veya anlayamadiklari belirlenmistir.
Ayrica, kedi sahiplerinin kedilerinin beden dilini anla-
ma konusunda yeterli olmadiklari, bu konuda énemli
dizeyde bilgi eksiklikleri oldugu agik¢a anlasiimakta-
dir. Kedilerin beden dilini anlama bakimindan arastir-
mada tespit edilmis olan eksikligin giderilmesi icin
kedi besleyen kisilerin kedi beden dili hakkinda uz-
man kisilerden egitim almasi gerekmektedir. Normal
olarak ev icerindeki bireylerin mimik ve davraniglarin-
dan o bireye nasil davranacagimiza karar veriyor
isek, evin bir bireyi gibi olan evcil hayvanlarimizin da
benden dillerini bilmemiz gerekir. Kedilerimizin beden
dilini anlamadigimizda, onlarin mutlu olup olmadigini,
istirap cekip cekmedigini ve stres altinda olup olma-
digini bilemeyiz. Kedilerin beden dilini iyi anlamak ve
dogdru yorumlamak, kedilerin ev ortamimiza uyum
saglamalarini kolaylastiracaktir. Ayrica, kedilerimizin
ev ve diger yasam alanlarindaki dogal davranislarini
daha rahat sekilde sergileyecegi ortamlari da hazirla-
mamiza yardimci olacaktir.
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Abstract: This study was aimed to determine the effects of supplementing corn silage with commercial lactic acid bac-
teria (LAB) inoculant and pre-fermented LAB juice (PFJ) on silage quality. Sila%e groups other than the control group
were designed by adding commercial LAB inoculant (Bonsilage-Mais, 2.5 x 10°cfu/g of fresh material), and 0.1% (3%
0°%cfulg of fresh material), 0.3% (9x10°cfu/g of fresh material), and 0.5% (1.5%10%cfu/g of fresh material) PFJ. Each
silage treatment group was prepared in four replicates. When compared to the control group, the addition of 0.3%,
0.5% PFJ and commercial LAB inoculant decreased the dry matter content of the silages, while the commercial LAB
inoculant increased the crude protein content (P<0.05). When compared to the control silage, commercial LAB inocu-
lant and PFJ additives (0.1, 0.3, and 0.5%) increased the ammonia nitrogen, lactic acid (LA), and acetic acid (AA) val-
ues of the silages (P<0.05). Butyric acid (BA) was not detected in the silages. As a result, it was concluded that 0.3%
or 0.5% PFJ additives can be used as silage additives instead of commercial LAB inoculant.

Keywords: Commercial lactic acid bacteria inoculant, corn silage, pre-fermented juice

Misir Silajina Ticari (Bonsilage-Mais) ve Dogal Laktik Asit Bakteri inokulanti Katkisinin Silaj Kalitesi
Uzerine Etkisi

Oz: Bu galisma musir silajina ticari laktik asit bakteri (LAB) inokulanti ve dogal fermente edilmis laktik asit bakteri sivisi
(Pre-FermentedJuice-PFJ) katkilarinin silaj kalitesi Uzerine etkilerini belilemek amaciyla yapilmistir. Silaj gruplari, kat-
kisiz grubun yani sira ticari LAB inokulanti (Bonsilage-Mais, 2.5x10°cfu/g taze materyal), %0.1 (3x10°cfu/g taze mater-
yal), %0.3 (9x10° cfu/g taze materyal) ve %0.5 (1.5x10°cfu/g taze materyal) PFJ ilave edilerek olusturulmustur. Her bir
silaj muamele grubu dorder tekerrir olacak sekilde hazirlanmistir. Kontrol grubu ile kiyaslandiginda; ticari LAB inoku-
lanti ile %0.3 ve %0.5 PFJ katkilarinin silajlarin kuru madde igeriklerini azalttiklari, ticari LAB inokulanti katkisinin ham
protein igerigini arttirdigi (P<0.05) tespit edilmistir. Kontrol silaji ile kiyaslandiginda; ticari LAB inokulanti ile PFJ katkila-
rinin (%0.1, 0.3 ve 0.5) silaj amonyak azotu (NH3-N/TN), laktik asit (LA) ve asetik asit (AA) degerlerini arttirdiklari goril-
mustir (P<0.05). Bu galigma kapsaminda hazirlanan silajlarin higbirinde bdtirik asit (BA) tespit edilmemistir. Sonug
olarak, silaj fermantasyonunu guglendirmesi adina misir bitkisinden hazirlanacak silajlara laktik asit ve asetik asit de-
gerlerini arttirmalarindan dolayi ticari LAB inokulanti yerine %0.3 veya %0.5 PFJ katkilarinin kullanilabilecegi kanaatine
varilmistir.

Anahtar kelimeler: Misir silaji, pre-fermented juice, ticari laktik asit bakteri inokulanti

Introduction

Chemical additives and bacterial inoculants are com-
monly used to improve silage fermentation (Tao et
al., 2020). Bacterial silage inoculants are commercial
products that generally contain Lactobacillus planta-
rum, Streptococcus, Enterococcus faecium, and vari-
ous Pediococcus species, either solely or in various
mixtures (Filya, 2000). Commercial silage inoculants
improve silage fermentation by reducing the pH, ace-
tic acid (AA), butyric acid (BA), ammonia nitrogen,
and ethanol levels of silages, while increasing the

Gelis Tarihi/Submission Date :16.06.2021
Kabul Tarihi/Accepted Date  :29.11.2021

ratio of its lactic acid (LA) and LA:AA content
(Duni'Ere et al., 2013). LA bacteria (LAB) are an im-
portant group of microorganisms for silage fermenta-
tion. However, the expensive price of LAB inoculants
limits their use (Rabaioli Rama et al., 2020). There-
fore, pre-fermented juice (PFJ), which is fermented
LA liquid, has begun to be used as an alternative to
commercial silage inoculants in recent years, since it
is inexpensive and easily prepared when compared
to commercial LAB inoculants (Ohshima et al.,
1997a; Wang et al., 2009). There have been studies
showing that even when commercial LAB inoculants
are ineffective, PFJ reduces the pH, ammonia nitro-
gen, and BA levels of the silage (Nishino and Uchida,
1999, Wang et al., 2009).
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The aim of this study was to determine the effect of
supplementing corn silage with commercial LAB inoc-
ulant (Bonsilage-Mais, 2.5%10°cfu/g of fresh material)
and 0.1% (3x10°cfu/g of fresh material), 0.3%
(9x10°cfu/g of fresh material) and 0.5% (1.5%10°cfu/g
of fresh material) PFJ on silage quality. Also; this
study was conducted to investigate which doses of
PFJ can be used instead of commercial LAB inocu-
lant (Bonsilage-Mais) in corn silages.

Material and Method

The silage material was obtained from the Harran
University Livestock Research Unit by harvested at
dough stage. Silage samples were chopped (sized 1-
2 cm) size and added, on the basis of fresh weight,
commercial LAB inoculants  (Bonsilage-Mais,
2.5x10°cfulg of fresh material), and 0.1% (3x10°cfu/g
of fresh material), 0.3% (9%10°cfu/g of fresh material)
and 0.5% (1.5x10%fu/g of fresh material) PFJ and
ensiled four replicate in 1.5 liter-glass jars.

The mixture was prepared in a way to ensure that 1g/
ton of commercial LAB inoculant that contained L.
plantarum, P. Pentosaceus, and L. buchneri was
applied to the corn forage by diluting it with water
(2.5x10%fu/g of fresh material). The application of
commercial LAB inoculant rate was in accordance
with the level of LAB in the inoculant as determined
by the manufacturer. The PFJ was prepared accord-
ing to the method given by Masuko et al. (2002). The
number of commercial LAB inoculants and PFJ LABs
used as a silage additive were determined according
to the method of Masuko et al. (1992). In the control
group, as with all of the silages that contained addi-
tives, distilled water was added at the same rate as
that in the additive in the group, where the maximum
amount of additive was added, to ensure dry matter
(DM) stability. All the silage groups were opened at
the end of the 60-day fermentation period, and the
pH value of the silages was immediately measured
(Polan et al., 1998). Fleig Points of the silages were
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calculated according to Kilic (1984).
Fleig points = 220+(2xDM,%-15)-(40xpH).

Where Fleig points denote values between 85 and
100, very good quality; 60 and 80, good quality; 55
and 60, moderate quality; 25 and 40, satisfying quali-
ty; <20 worthless.

Ammonia nitrogen (NH3-N/TN) analysis was deter-
mined using the Kjeldahl method by Broderick and
Kang (1980). The volatile fatty acid and LA contents
of the silages were determined using a high-
performance liquid chromatography device using the
method of Suzuki and Lund (1980). The nutrient con-
tents of the silage material and silage samples [DM,
ash, and crude protein (CP) contents] were analyzed
according to the method of the Association of Official
Analytical Chemists, (2005) and their acid detergent
fiber (ADF) and neutral detergent fiber (NDF) anal-
yses were performed based on the method of Van
Soest et al. (1991).

The data was analyzed by using the general linear
model procedure of SPSS (1991). Differences among
the meanswere determined by the Duncan multiple
comparison test at a significance level of P<0.05. For
this purpose, the SPSS software package (1991) was
used.

Results

The DM, ash, CP, ADF, and NDF values of silage
material were found to be 30.68%, 5.78%, 8.32%,
33.11%, and 61.05%, respectively. While the count of
commercial LAB inoculant (Bonsilage-Mais) was
found 2x108cfu/mL, the count of LAB of PFJ was
found 3x10%cfu/mL.

The effects of commercial LAB inoculant and PFJ
treatments on the chemical composition of corn si-
lage are shown in Table 1.

Table 1. The effects of PFJ and commercial LAB inoculant treatments on the chemical composition of corn si-

lage

Group DM CA cP NDF ADF
Control 30.81+0.192  6.8140.17 8.13+0.01"°  56.1040.36  32.05+0.34°
I(;z't“merc'a' LAB inocu- 29.55+0.19° 6.72+0.10 8.24+0.08®  56.83+0.24  31.53+0.64°
0.1% PFJ 30.60£0.09°  6.79+0.20 8.34+0.01°  55.03+0.26  30.93+0.34%°
0.3% PFJ 30.08+0.09°  6.69+0.09 8.11£0.04°*°  54.30:0.46  29.66+0.50°
0.5% PFJ 29.40+0.08°  6.53+0.09 8.07+0.08°  55.07+0.42  31.31+0.24°
SEM 0.139 0.059 0.031 0.248 0.252
P value 0.000 0,660 0.018 0.001 0.016

abe. \/alues with different letters were found different in each column; Commercial LAB inoculant: Commercial
lactic acid bacteria inoculant; PFJ: Fermented natural lactic acid bacteria juice (Pre- Fermented Juice); FM:
Fresh material; DM: Dry matter, %; CA: Crude ash, % DM; CP: Crude protein, % DM; ADF: Acid detergent fiber,
% DM; NDF: Neutral detergent fiber, % DM; SEM: Standard error of means.
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The highest DM values were determined from control
(30.81%) and 0.1% PFJ (30.60%) groups, while the
lowest values were from commercial LAB inoculants
(29.55%) and 0.5% PFJ (29.40%) groups (P<0.05).
The highest CP values were determined from the
0.1% PFJ (8.34%) group, while the lowest value was
from 0.5% PFJ (8.07%) group (P<0.05). The NDF
values of the silages statistical difference was not
observed (P>0.05), while the lowest was obtained
ADF value 0.3% PFJ (29.66% DM) group (P<0.05).

The effects of commercial LAB inoculant, PFJ treat-
ments on pH, organic acid, and ammonia nitrogen
content of silages are given in Table 2.

Besime DOGAN DAS

berg et al.(1988) and Denek et al.(2011) reported that
supplementing commercial LAB inoculant and PFJ
additives to legume silages increased the DM values.
But in this study all DM values of silages generally
acceptable for good silages. In this study, the addi-
tion of LAB inoculant and 0.1% PFJ additives in-
creased the CP values, while the addition of 0.3%
and 0.5% PFJ decreased them. Arslan et al. (2020)
reported that the addition of 7.5 and 15 mL/kg PFJ to
the grass silages decreased the CP values of the
silages compared with the control silages. In silage
studies conducted with trefoil plants, PFJ additives
added at different concentrations were reported to
have no effect on the CP contents of the silages

Table 2. The effects of PFJ and commercial LAB inoculant treatments on the fermentation characteristics of

corn silage

Group pH Fleig Point NH;-N LA AA PA BA
Control 3.78+0.01® 115.32+0.48% 3.00+0.05° 67.80+0.51° 12.43+0.41° 0.38+0.01° ND
Commercial 3.74+0.01°  114.69+0.64% 3.90+0.17° 72.64+1.05° 19.21+0.63° 0.35+0.00° ND
LAB inoculant

0.1% PFJ 3.81+0.02*  113.90+0.56° 4.84+0.10° 84.10+0.69% 18.55+0.57° 0.38+0.00° ND
0.3% PFJ 3.74+0.02° 115.36+0.80° 4.10+0.16° 86.10+0.51% 18.94+0.62° 0.32+0.01° ND
0.5% PFJ 3.80+0.02° 111.80+0.68° 3.49+0.12° 85.00+0.68% 18.27+0.40° 0.34+0.01° ND
SEM 0. 009 0. 396 0.150 1.735 0.621 0.006 ND
P value 0.020 0.008 <0.001 <0.001 <0.001 <0.001 ND

abed. \salues with different letters were found different in each column; Commercial LAB inoculant: Commer-
cial lactic acid bacteria inoculant; PFJ: Fermented natural lactic acid bacteria juice (Pre- Fermented Juice); FM:
Fresh material; NH3-N/TN: Ammonia nitrogen rate in total nitrogen (TN) content % NH3-N/TN; LA: Lactic acid, g/
kg DM;AA: Acetic acid, g/kg DM; PA: Propionic acid, g’lkg DM; BA: Butyric acid, g/kg DM; ND: Not determined;

SEM: Standard error of means.

The pH values of the silages prepared in the study
were found to be in the range of 3.74 to 3.81, and the
lowest pH values were determined from commercial
LAB inoculants (3.74) and 0.3% PFJ (3.74) additives.
The lowest NH3-N/TN value was found in the control
silages (3.00% NH3-N/TN), the highest value was
obtained from the 0.1% PFJ (4.84% NH3-N/TN) group
(P<0.05). The highest LA values were determined
from 0.3%, 0.5%, and 0.1% PFJ addition groups
(86.10, 85.00, and 84.10 g/kg DM) respectively. The
lowest LA value was found in the control group
(67.80 g/kg DM) (P<0.05). The AA value of control
silage (12.43 g/kg DM) was lower than commercial
LAB inoculant, 0.1% PFJ, 0.3% PFJ, and 0.5% PFJ
additives. The propionic acid (PA) value control and
%0.1 PFJ silage groups were higher than commercial
LAB inoculant, 0.3% and 0.5% PFJ additive groups
(P<0.05). The BA was not detected in any of the si-
lages.

Discussion and Conclusion

In this study, the DM values of the silages were de-
creased with the commercial LAB inoculants and PFJ
additives. Similarly, Nishino et al. (2003) reported that
supplementing corn silage with commercial L. buch-
neri reduced the DM values. In the other hand Wein-

(Wang et al; 2009; Denek et al., 2012).

In this study, NDF values were found to be similar by
the addition of commercial LAB inoculants and PFJ,
but a decrease was observed in the ADF values.
Ranjit and Kung (2000) reported that silages that
were prepared with the addition of two different com-
mercial LAB inoculants and added to corn plants har-
vested during the milk stage did not affect the CP,
NH3-N/TN, or ADF values, while one of the inoculants
(L. plantarum) reduced the silage NDF content when
compared to the control silage. It can be said that the
reason for the difference in the values on NDF and
ADF is due to the plant species used in the experi-
ments, their harvest periods, mixing ratios and eco-
logical conditions.

In this study, compared with the control silage, com-
mercial LAB inoculant and PFJ additives had no ef-
fect on the pH values (3.74-3.81). Aksu et al. (2004)
reported that the addition of commercial LAB inocu-
lant increased the pH values of corn silages. In this
study the pH values of silages found between 3.7-
4.2, and these values are the embracedof good quali-
ty silages (Kung and Shaver, 2001). Fleig points very
well determined for all groups. Because Fleig points
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is related to dry matter and pH values of silages, si-
lages with high dry matter and low pH values have
higher Fleig points.

In this study, the NH3-N/TN values of the silages with
addition of commercial LAB and PFJ were increased
compared with control silage. Filya et al. (2006) re-
ported that the addition of commercial LAB inoculants
to the corn plants don’t affect the NH3-N/TN values of
the corn silages. According to the former studies, PFJ
additives were reported to reduce the NH3-N/TN val-
ues of the silages (Shao et al., 2007; Denek et al.,
2011; Giney et al., 2018). In this study, the increased
ammonia nitrogen values of the silages may have
been caused by the destruction of the proteins in the
silo by Clostridial bacteria (Slotner and Bertilison,
2006). However, Carpintero et al. (1979) reported
that the NH3-N/TN value of the silage obtained in
their study (3.00%-4.84% NH3-N/TN) was 11% lower
than the NH3-N/TN value accepted as that of high-
quality silage, and that the resultants of in our study
silages were in the category of good quality silages.
Also, Kleinschmid et al. (2005) reported that the use
of LAB inoculant in corn silages had no effect on the
DM contents and fermentation properties of the silag-
es. This result can be explained by the high use of
content and adequate LAB content for fermentation
of corn material (Meeske and Basson, 1998; Ranijit
and Kung, 2000).

In this study, compared with the control silage, the
addition of commercial LAB inoculant and PFJ in-
creased the LA values of the silages. The increasein
LA was found to be more prominent and high with
0.3% PFJ additive when compared with the commer-
cial LAB inoculant. This result can be explained that
commercial LAB inoculants contain fewer varieties,
while PFJ contains both homofermentative and het-
erofermentative bacteria species (Ohshima et al.,
1997a, 1997b). Nkosi et al. (2009) reported that when
prepared by adding commercial LAB inoculant
(Bonsilage-Mais) to corn silages, the LA, AA, and PA
concentrations were increased, while there was a
decrease in the BA and the amount of carbon dioxide
values. On the other hand, Palic et al. (2011) report-
ed that the same commercial LAB inoculant created
no statistical difference in the DM values of the silag-
es and there was an increase in the LA and AA val-
ues. Driehuis et al. (1999) and Nishino et al. (2004)
reported that L. buchneri increased the AA value of
silage. It has been reported that AA is a fungicidal
agent such as propionic acids (Kayembe et al. 2013)
and that AA level in DM with a rate of 1.5%-3.0%
inhibits the growth of yeast and mold fungi. There is a
positive correlation among silage aerobic stabilization
and silage organic acid level and acetic acid obvious-
ly acts as an inhibitor for of the growth of spoilage
organisms (Kayambe et al. 2013).

According to the results of this study, it was conclud-
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ed that PFJ applications, which are more economical
at the levels of 0.3% or 0.5%, can be used as silage
inoculants instead of the expensive commercial LAB
inoculants in corn silages. In addition, it was conclud-
ed that in vivo studies should be done in order to use
PFJ application instead of commercial LAB inoculant
in practice.
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Abstract: This study was aimed to determine the possible differences between two different oscillometric devices
measured blood pressure. Additionally, it was carried out to determine the range levels of blood pressure measured in
healthy cats admitted to a small animal clinic. In different breeds, healthy 50 cats, the median age was 8.75 months,
and ranged between 3 to 36 months were included in this study. Blood pressure values and pulse measurements of
the cats were measured using the wall mounted (WMD) and mobile (MD) BP monitors. BP measurements were taken
from the right front leg, arteria radialis on the mid of the antebrachium and tail root over the arteria coccygea medialis
on the median line. Mean SBP measurements taken from right forelimb (135.90+16.34 mmHg) and tail (145.32+21.20
mmHg) by WMD were statistically different (P=0.020). Mean DBP (mmHg), MAP (mmHg) and Pulse (bpm) measure-
ments were not different on different sites by each device (P>0.05). Mean SBP, DBP, MAP and pulse values of the
right front forelimb using the mobile device were 136.10+16.37 mmHg, 83.74+17.0, 101.62+16.13 mmHg and 167 (134
-227) bpm respectively. As a result, oscillometric blood pressure mobile devices and wall-mounted devices are compat-
ible and can be used interchangeably in measuring the blood pressure in healthy cats. It is recommended to use the
right forelimb for measuring blood pressure in cats. The reference ranges derived from in this study can be used by
veterinary clinicians or technicians.

Keywords: Blood pressure, cat, device, oscillometry, pulsation

Saglikli Kedilerde Duvara Monta ve Mobil Cihaz ile Olgiilen Kan Basinci Degerlerinin Karsilastiriimasi

Oz: Bu galisma, kiigiik hayvan klinigine getirilen saglikl kedilerde, iki farkli osilometrik kan basinci élgiim cihazi arasin-
daki olasi farkliliklarin belirlenmesi ve klinigimizde kan basinci referans degerlerinin olusturuimasi amaciyla yapildi.
Farkl irklardan, saglikli, ortanca 8.75 aylik (3-36), 50 kedi (28 erkek, 22 disi) calismaya dahil edildi. Kedilerin kan ba-
sinci degerleri ve nabiz dlglimleri duvara monte (WMD) ve mobil (MD) kan basinci monitorleri kullanilarak él¢uldi. Sag
on ekstremite dlguimlerinde; mansetin kese kismi, antebrachium’un orta kismina gelecek sekilde, arteria radialis Uzeri-
ne yerlestirildi. Kuyruk bdlgesinden o6lgulen degerleri igin; mansetin kese kismi arteria coccygea medialis Uzerine gele-
cek sekilde mimkun oldugunca kuyruk kokiine yakin yerlestirildi. Duvara monta edilmis cihaz ile sag 6n ekstremite
(135.90+£16.34 mmHg) ve kuyruk (145.32+21.20 mmHg) bdlgesinden o6lgllen sistolik kan basinci (SBP) degerleri ara-
sinda istatistiksel olarak anlamli diizeyde bir fark goruldi (P=0.020). Her iki cihaz ile sag 6n ekstremite ve kuyruktan
Olgllen DBP (mmHg), MAP (mmHg) ve Nabiz (bpm) degerleri arasinda ise bir fark gérilmedi (P>0.05). Mobil kan
basinci 6lgim cihazi ile sag 6n ekstremiteden alinan SBP, DBP, MAP ve nabiz degerleri, sirasiyla; 136.10+16.37
mmHg, 83.74+17.0, 101.62+16.13 mmHg ve 167 (134-227) bpm olarak 6lglldi. Sonug olarak, her iki osilometrik kan
basinci 6lgim cihazinin uyumlu oldugu ve saglikli kedilerin kan basincinin élgiimesinde birbirinin yerine kullanila-
bilecegi gériildii. Bu galisma ile ERU Veteriner Fakiiltesi kliniklerinde tiiretilen KB degerlerinin veteriner hekimler veya
teknisyenleri tarafindan glivenle kullanilabileceg@ine karar verilmistir.

Anahtar kelimeler: Cihaz, kan basinci, kedi, osilometri, nabiz

Introduction resistance (Taylor et al., 2017). It is affected by a
) ) various range of physical and pathological conditions,
Blood pressure (BP) measurement is a part of routine  and therefore, considered to be an important parame-
physical examination of companion animals in plac-  ter in evaluating the functional endurance of the car-
es. This physiological parameter is influenced by diovascular system (Brown and Henik, 1998; Chet-
heart rate, cardiac output, and systemic vascular boul et al., 2003). In cats, measuring the BP is indi-
cated when diseases associated with secondary sys-
Gelis Tarihi/Submission Date : 27.10.2021 temic hypertension are diagnosed, or in patients with
Kabul Tarihi/Accepted Date  : 25.01.2022 the evidence of target organ damage (Brown et al.,
* The results of the present study had been presented at the
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(ICAGAS), 7-9 November 2018, Alanya, Antalya, Turkey” in an
abstract.
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2007). The diseases that are associated with second-
ary systemic hypertension and those that require BP
measurement in these patients include; chronic kid-
ney disease, hyperthyroidism, primary hyperaldoste-
ronism, and pheochromocytoma (Ash et al., 2005;
Wimpole et al., 2010). Target organ damage may
occur in cases of left ventricular hypertrophy, reti-
nopathy or choroidopathy, progression of chronic
kidney disease, encephalopathy or stroke (Nelson et
al., 2002; Sansom et al., 2004).

The most accurate and reliable arterial BP measure-
ment method is the direct or invasive method
(Mandigers, 2005). This method is considered the
gold standard of BP measurement. However, it is not
suitable for clinical practice, as the technique is diffi-
cult, requires anesthesia or sedation, and is uncom-
fortable for the cat (Branson et al., 1997; Brown et al.,
1998). For these reasons, non-invasive methods are
utilized more often in clinical scenarios (Grandy et al.,
1992; Binns et al., 1995; Caulkett et al., 1998; Brown
et al., 2007). Either the doppler sphygmomanometer
and or the oscillometric BP measurement devices are
used to evaluate the BP and hypertension in con-
scious cats (Brown et al., 2007). Oscillometric BP
monitors detect pressure vibrations transmitted into
the cuff by the pulsing movements of the arterial wall.
The monitor measures mean arterial pressure (MAP)
and then uses algorithms to determine systolic blood
pressure (SBP) and diastolic blood pressure (DBP)
(Dorsch and Dorsch, 2008). In recent years, various
wall-mounted diagnostic monitoring systems have
been used, along with the mobile type BP measuring
devices, which measures the patient’s body tempera-
ture, pulse, SpO, and BP indirectly. Although they
use the same principle, there may be marginal differ-
ences in BP values depending on the measuring de-
vices and measuring locations. Emergency clinical
scenarios demand a sensitive, calibrated and an ac-
curate BP measurement method.

BP measurements, which are part of the clinical ex-
amination, are increasingly used in veterinary clinics.
With the development of various devices, the mecha-
nism of BP regulation can be understood, and pa-
tients can be provided with the right approach. How-
ever, there is a need to determine the suitability of
different devices and reliable reference data meas-
ured with these devices.

In the present study, clinically healthy and conscious
cats presented at the Veterinary Research and
Teaching Hospital, Erciyes University, Kayseri—
Turkey were used. The aim was to compare the re-
sults between the wall-mounted and the mobile BP
measuring devices in terms of device performance
and the measuring location differences. Both devices
use the principle of indirect oscillometric method for
measuring the BP values. Two locations selected for
these measurements were; the right forelimb and the
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proximal tail area. In the present study, the second-
ary aim was to create a calibrated reference range for
our own clinical utilization.

Materials and Methods
Animals

The study was carried out at the Veterinary Research
and Teaching Hospital, Erciyes University, Kayseri-
Turkey. A total of 50 cats being presented for their
annual health check and vaccination were used in
this study. Upon physical examination, they were
found to be conscious, clinically healthy, and with a
good body condition (BCS=3). Any infectious disease
and pathological condition were not determined in
animals included in this study. Among these healthy
50 cats, 22 were female and 28 were male. The me-
dian age was 8.75 months and ranged between 3 to
36 months. Mean body weights were 2.98+1.19 kg.
Breeds of the cats used in this study were; 19 Tabby;
5 Siamese; 2 Sarman; 4 British Shorthair; 2 Persian;
5 Ankara; 5 Scottish Fold; 1 Siberian; 1 Smokin; 1
Bombay; and 5 Crossbreed cats.

Ethical approval

This work involved the use of non-experimental ani-
mals only (including owned or ownerless animals and
data from prospective or retrospective studies). Es-
tablished internationally recognized high standards
(‘best practice’) of individual veterinary clinical patient
care were followed. Therefore, ethical approval from
a committee was not necessarily required.

Blood pressure measurements

In order to minimize the stress before blood pressure
(BP) measurement, the cats were allowed an aver-
age of 5-10 minutes in order to acclimatize in the
examination rooms along with their owners and they
were kept relaxed in the same position during the
procedure. The blood pressure of the cats was meas-
ured in the sternal position. Only the animal owner
and the clinician were present in the room during the
BP measurement. Data were obtained in two different
clinical examination rooms. The same room was
used for each device during BP measuring in all cats.
In order to choose the most suitable cuff, the right
forelimb and proximal tail region circumference of the
cats were measured with the help of a flexible-tape
measure. In order to select the most suitable width of
the cuff for the cats, approximately 30% of the diame-
ter of the right forelimb and the proximal tail was used
as a standard. The cuff was then selected according
to the criteria table specified by the commercial com-
pany, <2.05 cm (blue), 2.05-2.55 cm (orange), 2.55-
3.05 cm (green), 3.05-3.55 cm (purple), 3.55-4.05 cm
(brown), 4.05-4.55 cm (pink), and 4.55-5.55 cm
(gray). Blood pressure values (i.e. SBP, DBP, and
MAP) and pulse measurements of the cats were
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measured using the wall mounted (WMD) (Provet,
Vet Integrated Diagnostic System/Turkey) and mobile
(MD) (Pettrust, BioCARE Corporation/Taiwan) BP
monitors. For the BP measurement purpose from the
right front leg; the bladder part of the cuff was applied
neither too tight nor too loose over the arteria radialis
on the mid of the antebrachium. The cuff was tight-
ened and secured in such a position that the cuffs
tube part could easily lie in an untangled position on
the table near the device. For the BP values taken
from the proximal tail region; the cuff was placed as
close as possible to the tail root over the arteria coc-
cygea medialis on the median line. Upon the device
activation, the cuff was automatically inflated. The
device displayed the SBP, DBP, MAP, and pulse
values after measuring them using the oscillometric
measurement method. Antebrachium was retained at
the right atrium level during BP measurements. All
the measurements were carried out by an experi-
enced and qualified veterinarian. To avoid potential
bias, devices used to measure blood pressure (WMD
and MD) and measurement locations (Right forelimb,
tail) were randomly selected. There was a waiting
period of 5 minutes between the two devices usage
(WMD, MD). A total of 4 readings were taken at an
interval of 15 seconds between each consecutive
reading. The arithmetic mean of these four readings
were taken and used in the subsequent statistical
analyses.

Statistical analyses

The suitability of the data to normal distribution was
evaluated using the Shapiro-Wilk test. The data sets
were expressed as median (1%, 3" quartiles) and
meanzstandard deviation. In order to compare and
statistically evaluate the BP and pulse variables,
among the groups; One Way ANOVA test was used
for normally distributed variables and Kruskal-Wallis
test was used for non-normally distributed variables.
Independent Sample t-test was used to compare the
gender wise statistical differences in the BP meas-
urements. The relationship between systolic blood
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pressure (SBP) and body weight and age variables
were evaluated using Pearson and Spearman rho
correlation test. Mean bias and limits of agreement
(LOA: 1.96 times SD) values between WMD and MD
monitors were calculated with the Bland-Altman
method (Bland and Altman, 1999). The upper and
lower limits of agreement were calculated as mean
bias * the standard deviation of the differences. Tuk-
ey HSD test was used in post hoc comparisons and
P<0.05 was considered statistically significant. Statis-
tical analysis was performed using IBM SPSS Statis-
tics 21.0 (SPSS Inc, Chicago, IL, USA) program.

Results

This study was carried out on healthy cats (n=50)
presented to the Veterinary Research and Teaching
Hospital, Erciyes University, Kayseri-Turkey. The
cats showing no obvious signs and symptoms upon
physical examination, were included in this study.
Their ages ranged between 3-36 months (median,
8.75 months) and body weights ranged between 0.80
-5.37 kg (mean 2.98 kg). The cats’ gender distribu-
tions were; 44% and 56% female and male, respec-
tively. Two male and two female cats (Total=4) were
found to be neutered and spayed respectively, ac-
cording to their hospital record sheets. The average
body temperature of the cats was 38.30+0.35°C. The
average heart rate of the cats was 171+£9.84 beats
per minute. The mean circumference of the right fore-
limb and proximal tail area measurements were
3.43+0.56 cm and 2.88+0.62 cm, respectively.

The Table 1 summarizes the comparative values of
BP (mmHg) and pulse (BPM); obtained after measur-
ing both with a mobile and wall-mounted device, us-
ing the right forelimb and proximal tail area of healthy
and conscious cats. The SBP values measured from
the proximal tail area (145.32+21.20 mmHg) of the
cats was found to be significantly higher than the
values measured from the right forelimb
(135.90+16.34 mmHg) using a wall-mounted BP
measuring device (P<0.05). There was no difference

Table 1. Summary of blood pressure & pulse values of the right forelimb and tail (n= 50), obtained from both

the devices
Devices Groups SBP (mmHg) DBP (mmHg) MAP (mmHg) Pulse (bpm)*
WMD Right Forelimb  135.90+16.34% 93.08+17.55 108.56+£18.11 170 (155.75-193.75)
Tail 145.32+21.20° 86.76+£18.23 107.56+21.36 174 (156.50-201.0)
MD Right Forelimb 136.10+16.37% 85.24+14.98 101.62+£16.13 167(154.75-189.75)
Tail 142.38+18.25% 91.02+£17.52 108.16+£18.05 182 (160-205.25)
P-values 0.020 0.082 0.202 0.178

WMD: Wall-Mounted Device, MD: Mobile Device, SBP: Systolic Blood Pressure, DBP: Diastolic Blood Pressure,
MAP: Mean Arterial Pressure, BPM: beats per minute. Values are expressed as median (1%, 37 quartiles) and
mean + SD. Different superscripts in the same column indicate statistically significant differences among groups,

*: Not normally distributed
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in the DBP, MAP and Pulse values recorded using
the wall-mounted devices (P>0.05). No statistically
significant differences (P>0.05) was found between
the mobile device in terms of SBP, DBP, MAP and
Pulse values determined either from the right forelimb
and the proximal tail region (Table 1). No statistically
significant differences (P>0.05) was detected be-
tween mobile and wall adapted device with regards to
SBP, DBP, MAP and Pulse values determined from
the right forelimb and the proximal tail region (Table

1).

The BP values obtained in the present study from
healthy cats (n=50) are summarized in Table 2. Blood
pressure (mmHg) and pulse (bpm) values obtained
from the right forelimb of cats using a mobile device
were measured as SBP; 136.10+16.37, DBP;
83.74+17.0, MAP; 101.62+16.13, Pulse; 167 (134-
227) (Table 2).
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tion, there was no statistically significant differences
between mean SBP values obtained from male and
female cats, using the mobile device either from the
right forelimb and or the proximal tail area (P>0.05)
(Figure 1).

According to limit of agreement analyses (LOA) that
was made in the present study, mobile and wall-
mounted blood pressure measuring devices were
found to be compatible. Compatibility between systol-
ic blood pressure recorded by a wall-mounted device
(WMD) and a mobile device (MD) with cuffs placed
on the right forelimb demonstrated as mean bias of -
0.2 mmHg and upper LOA value was 33.96, lower
LOA value was —34.36 (Figure 2a). In addition, com-
patibility between systolic blood pressure recorded by
a wall-mounted device (WMD) and a mobile device

Table 2. Summary of the blood pressure and pulse values of the right front forelimb of healthy and conscious

cats using the mobile device, (n=50)

Groups Mean/ Median 1st-3rd quartiles 95% CI of Median
SBP (mmHg) 136.10+£16.37 124.00-146.25 131.45-140.75
DBP (mmHg) 83.741+17.0 69.00-96.25 78.91-88.57
MAP (mmHg) 101.62+16.13 90.75-112.00 97.04-106.20

Pulse (bpm)* 167.00 (134.00-227.00)

154.75-189.75 164.80-178.96

SBP: Systolic Blood Pressure, DBP: Diastolic Blood Pressure, MAP: Mean Arterial Pressure, bpm: beats per
minute. All data were presented as mean * standard deviations, median (1 and 3" quartiles) and 95% CI of

median, *: Not normally distributed

200 Sex

WFemale
EMake

) I I I

Siystolic Blood Pressure (mmHg)

Right Forelimb Tail (WMD) Right Forelimb ~ Tail (MD)
(WMD) (MD)
Groups

Figure 1. Comparison of systolic blood pressure
(SBP, mmHg) values measured from the right fore-
limb and proximal tail region of male and female cats,
WMD: Wall-Mounted Device, MD: Mobile Device,
Independent samples t-test, P>0.05, (n=50).

Significant correlation between SBP and age
(P=0.928, coefficient of correlation=0.006) were not
determined, either. Furthermore, there was no signifi-
cant correlation between SBP and body weight
(P=0.055, coefficient of correlation=0.136). In addi-
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(MD) with cuffs placed on the proximal tail demon-
strated as mean bias of 2.94 mmHg and upper LOA
value was 41.98, lower LOA value was -36.10
(Figure 2b).
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Figure 2 (a,b). Bland-Altman plots for assessing the
agreement between systolic blood pressure recorded
by a Wall Mounted Device (WMD) and a Mobil De-
vice (MD) with cuffs placed on the right forelimb (a)
and proximal tail region (b). In the Bland-Altman
plots, the mean bias (continuous line) and limits of
agreement (LOA) (mean bias + 1.96xSD, dashed
lines) are shown.

Discussion

The reference ranges for the data used in BP analy-
sis on cats is still debatable and is improving day by
day through researchers. In this study; the inter-
changeability between the wall-mounted and the mo-
bile devices used routinely for measuring the BP in
cats were evaluated. The most suitable site for the
accurate BP measurement was also concluded.

The aim was to develop a reference range which
would be derived directly from the cats living in Kay-
seri and could be applied and used as a reference
range for the local cat population. The statistical rela-
tionship of factors, such as age, gender, and body
weight on the cat’s BP readings were also evaluated.
A study based on the data obtained from 203 cats
and using the oscillometric blood pressure measuring
device reported the mean systolic BP as 139.4+26.9
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mmHg and in another recent study that used data
from 137 cats, mean BP values were reported to
be147 mmHg (IQR; 134-158) (Bodey and Sansom,
1998; Hori et al., 2019). In the present study, the SBP
(mmHg) values measured from the right forelimb
(135.90+16.34, 136.10+16.37) and tail region
(145.32+21.20, 142.38+18.25) were found to be com-
patible with the SBP values reported in previous stud-
ies (Bodey and Sansom, 1998; Payne et al., 2017;
Hori et al., 2019).

In this study, we found no statistically significant dif-
ference between the mobile and the wall-mounted
oscillometric blood pressure measuring devices in
terms of the measured blood pressure values (SBP,
DBP, MAP, and Pulse) (P>0.05). Therefore, either of
the device modules can be used safely to measure
BP in cats [mean bias of the right forelimb; -0.2
mmHg, mean bias of the tail; 2.94 mmHg, [Figure 2
(a,b)]. However, it was noted that the BP values
measured from the tail region with either of the devic-
es showed higher values when compared with those
measured from the right forelimb of the same patient.
Particularly, the SBP (145.32+21.20 mmHg) values
measured from the proximal tail area were found to
be significantly higher than the values measured from
the right forelimb (135.90+16.34 mmHg) (P=0.020)
using wall mounted device. A study on eight anesthe-
tized cats done to investigate the accuracy of two
different species-specific oscillometric blood pressure
measuring devices reported that SBP (mmHg) values
measured from the tail were higher than those
measured from the front forearm extremity. In anoth-
er study, the mean margin of error (mean bias: 7.2
mmHg and 10.9 mmHg) was also found to be higher
for the measurements taken from the tail region com-
paratively (Cerejo et al., 2017). Similarly, in another
study, where oscillometric BP measurements were
carried out in conscious cats, it was stated that the
mean BP values taken from the coccygeal artery
were 8.7% higher than those taken from the radial
artery (Cannon and Brett, 2012).

In the present study, when SBP (mmHg) values ob-
tained from the coccygeal artery with either of the
devices compared with the values obtained from the
radial artery [the mean difference and percentage of
difference were respectively; WMD; 9.42 mmHg
(6.93%), MD; 6.28 mmHg (4.61%)] were compara-
tively always higher. In two articles, it was previously
stated that the best place in order to measure the
accurate BP in cats is the median artery in the fore-
limb (Haberman et al., 2004; Zeugswetter et al.,
2018). The tail region inflicts less amount of stress
and is tolerated well both by awake and restrained
cats (Cannon and Brett, 2012). One of the reasons
for differences in the measured BP values may be
due to the personal error in choosing the cuff size.
Placing and tightening of the cuff on the tail area due
to the amount of hair on the base of the tail might be
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another reason. Conical-shaped tails can lead to dis-
tal spaces or slipping of the cylindrical cuffs and pe-
ripheral pulse pressure amplification (Hershet al.,
2014; Zeugswetter et al., 2018).

The most common errors in BP measurement are
related to the cuff size selection (Carr, 1994; Durham,
2019). Another possible cause of SBP differences
between the measurement locations may be due to
the differences in the peripheral pulse pressure am-
plification. It may also be due to the fact that cats
move their tails during the measurement. Oscillome-
tric monitors are sensitive to arrhythmias and motion
artifact (Binns et al., 1995). In the present study, di-
rect measurements, which are the gold standard
method for measuring the BP, were not performed.
Therefore, the average error margin of the results
obtained from the tail area and the right anterior ex-
tremities relative to the direct method have not been
evaluated. However, according to recent literature
(Cannon and Brett, 2012; Cerejo et al., 2017) and in
accordance with the instructions given in the user
manual of the mobile device (user manual, best
choice: front leg > hind leg > tail), we can conclude
that the results obtained from the right anterior limb
may be more accurate.

We observed no significant correlation between age
and SBP (mmHg) (P>0.05, r=0.150) during this
study. However, the recent studies have reported that
the SBP (mmHg) increases with the age, both for
healthy and non-healthy cats i.e. chronic renal failure
particularly (Bijsmans et al., 2015; Hori et al., 2018).
It has also been hypothesized that there may be an
increase in SBP (mmHg) value due to the loss of
endothelial function as a result of natural senescence
processes (Smulyan et al., 2001). In the present
study, the SBP values measured were limited to an
age group (3-36 months), and also due to small sam-
ple size (n=50), we did not work on a statistical rela-
tionship between the other age groups (i.e. adult/
prime, mature, senior, geriatric).

If we had incorporated all age groups along with a
greater sample size in this study, we could have
found some correlation between SBP value and age
upon subsequent statistical analysis.

The availability of published data investigating the
effect of gender on SBP is limited. In one of the study
investigating the effect of epidemiological factors on
BP values in 780 healthy cats, it was stated that the
median SBP (122.2 [112.0-137.6] mmHg) value of
male cats was higher than female cats comparatively
(119.6 [109.5-129.6] mmHg) (P<0.001) (Payne et al.,
2017). However, in the present study, no statistically
significant difference was observed between male
and female cats in terms of SBP, DBP and MAP
measurements (P>0.05). The statistical insignificance
between the BP measurements of male and female
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cats may be due to the low sample size (n = 50), and
hence the results obtained from cats in this study
represent a certain age group only (i.e. young, 3-36
months). However, Payne et al. used 780 cats from
different age groups (juvenile, young adult, adult,
senior), including healthy and neutered cats and was
able to draw a statistical inference regarding the rela-
tionship between SBP and gender from his collected
data (Payne et al., 2017).

Conclusions

Inferring from the statistical analysis of the present
study; both oscillometric BP measurement monitors
(Mobile Devices, Wall-Mounted Devices) are compat-
ible and can be used interchangeably in measuring
the blood pressure in healthy and conscious cats. It is
recommended to use as reference values the right
forelimb instead of the proximal tail area for measur-
ing blood pressure in cats. The reference ranges
hence derived from our study will be used as an in-
digenous and self-calibrated reference range for our
own clinical procedures. Recommended future direc-
tions in the light of our present study, we advise using
high definition oscillometric (HDO) devices, in order
to conduct a more controlled and accurate study
which should include a greater sample size of cats of
various age groups (adult, mature, senior, geriatric)
along with a graded stress level monitoring and
where the group variances would be also homogene-
ous.
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Oz: Artmakta olan antibiyotik direnci insanlik igin biiyiik 5neme sahip acil tehditlerden biri olup, antibiyotik direng genle-
rinin giftlik hayvanlari ve gidalar vasitasiyla insanlara aktariimasi endise vericidir. Bu ¢alisma, Samsun ilindeki Gg farkl
hastane kantininden toplanan tiiketime hazir sandvi¢ érneklerinde genislemis spektrumlu beta laktamaz (GSBL) lreten
E. coli varligini aragtirmak ve direncten sorumlu genleri karakterize etmek amaciyla gergeklestirilmistir. Ug farkli hasta-
ne kantininin her birinden 50 6rnek olmak Uzere, toplamda 150 6rnek materyal olarak kullaniimistir. E. coli izolasyonu
kromojenik bazl kiltir yontemiyle gergeklestirilmis, identifikasyonda uspA geninin varligi PCR ile arastiriimigtir. Fenoti-
pik GSBL uretimin tespiti icin kombine disk diflizyon yontemi kullanilmigtir. GSBL Uretiminden sorumlu blacrx.i, blarem
ve blasyy genlerinin varligi multipleks PCR yontemiyle arastiriimistir. Calisma bulgulari dogrultusunda 150 adet sandvi¢
drneginin 32'sinde (%21.3) en az bir adet fenotipik GSBL ureten E. coli tespit edilmistir. 32 6rnekten elde edilen toplam
seksen Ug izolatin timi uspA geni yoninden pozitif bulunmustur. 83 izolatin 70’inin (%84.3) kombine disk diflizyon
yontemi ile fenotipik olarak GSBL Urettigi saptanmistir. Otuz iki adet pozitif numunenin her birinden bir adet GSBL pozi-
tif E. coli secilerek, toplamda 32 izolat blacrx.m, blarem ve blasyy genlerinin varligi yoninden incelenmis ve izolatlarin
20’sinin (%62.5) blarem, 11'inin (%34.3) blactx.m geni icerdigi saptanmistir. Higbir izolatta blasyy geni tespit edilememis-
tir ve analiz edilen bes izolatin arastirilan G¢ gen bolgesinden herhangi birini icermedigi, dort izolatin hem blacrx.,y hem
de blaregy genini igerdidi belirlenmistir. Direng genlerinin insan florasina gegisinde tiiketime hazir gidalarin 6nemli bir
etken olabilecegi disunilmektedir.

Anahtar kelimeler: E. coli, GSBL, PCR, sandvig, tiketime hazir gida

Investigation of Extended Spectrum Beta-Lactamase Producing Escherichia coli in Ready-to-Eat Sandwiches
Sold in Hospital Canteens in Samsun Province

Abstract: Enhanced antibiotic resistance is one of the urgent threats to humanity and the transmission of antibiotic
resistance genes to humans via livestock and food is a major concern. This study was carried out to investigate the
presence of extended-spectrum beta-lactamase (ESBL) producing E. coli and to characterize the genes responsible for
resistance in ready-to-eat sandwich samples collected from three different hospital canteens in Samsun. A total of 150
samples, 50 from each of three different hospital canteens, were used as material. E. coli isolation was performed by
chromogenic-based culture method and the presence of the uspA gene was identified by PCR. A combined disk diffu-
sion method was used to detect phenotypic ESBL production. The presence of blacrx.m, blarem, and blasyy genes res-
ponsible for ESBL production was investigated by the multiplex PCR method. According to the results, at least one
phenotypic ESBL producing E. coli was detected in 32 (21.3%) of 150 sandwich samples. All 83 isolates obtained from
32 samples were found positive for the uspA gene. It was determined that 70 (84.3%) of 83 isolates produced ESBL
phenotypically by the combined disk diffusion method. One ESBL positive E. coli was selected from each of 32 positive
samples, and a total of 32 isolates were examined for the presence of blacrx.m, blarem, and blasyy genes. It was deter-
mined that 20 (62.5%) of the isolates contained blargy and 11 (34.3%) contained the blacrx.y gene. blasyy gene was
not detected in any of the isolates and five isolates analyzed did not contain any of the three gene regions investigated,
while four isolates coexisted blacrx.y and blargy gene. It is thought that ready-to-eat foods may be an important vehicle
in the transmission of resistance genes to the human flora.

Keywords: E. coli, ESBL, PCR, ready-to-eat, sandwich

Giris Escherichia coli gibi insanlarda kommensal olarak
. bulunabilen bakterilerde goérilen antimikrobiyel direng

Antimikrobiyallere direncli bakterilerin dinyada hizla bu tehditin boyutunu daha da artirmaktadir
yayilmasi kiiresel gapta acil bir tehdit haline gelmistir. (Kawamura ve ark., 2017). Hastalik Kontrol ve Onle-
me Merkezleri’nin (Centers for Disease Control and
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her yil antibiyotiklere direngli bakteriler tarafindan 2.8
milyon infeksiyon meydana getiriimekte ve bunlarin
35000’i 6limle sonuglanmaktadir. Geniglemis Spekt-
rumlu Beta Laktamaz (GSBL) Ureten Enterobactera-
les tarafindan olusturulan infeksiyonlarin Amerika’da,
2012’den 2017 yilina kadar gegen bes senede yakla-
sik olarak %50 artis gosterdigi ve sadece 2017 yilin-
da 1.2 milyar dolarlik saglik hizmeti masrafina neden
oldugu bildiriimektedir (CDC, 2019).

Enterobacterales, hem hastane hem de toplum ké-
kenli enfeksiyonlara neden olan farkli bakteri tirleri-
nin olusturdugu blyuk bir takimdir. Bu takimda bulu-
nan bakterilerin gogu ‘Geniglemis Spektrumlu Beta
Laktamazlar’ olarak adlandirilan enzimleri vasitasiyla
penisilinleri, sefalosporinleri, monobaktamlari hidroli-
ze etme yetenegine sahiptir. GSBL'ler ¢ogunlukla;
CTX-M, TEM ve SHV-tipi enzimlerden kéken almak-
tadir ve genellikle enzimlerin Uretimiyle ilgili genler,
bakteriler arasinda aktarilabilir 6zellikteki plazmidlerle
bulunmaktadir (Rupp ve Fey, 2003). Enterobactera-
les takimindaki GSBL Ureten en 6nemli tir E. coli
olarak gbéze carpmaktadir. Ulkemizde Ulusal Saglik
Hizmeti iligkili Enfeksiyonlar Siirveyans Agi 2019 yili
raporuna gore Turkiye genelindeki 516 hastanede E.
coli suslarinda GSBL pozitifligi %44.54 olarak bildiril-
mistir (USHIESA, 2019).

Ozellikle son on yilda yapilan ¢alismalar, GSBL iire-
ten E. coli suslarinin, kisiden kisiye bulasmalarinin
yani sira ¢iftlik hayvanlar ve gidalar vasitasiyla da
insanlara aktarildigini gostermistir (Alegria ve ark.,
2020; Dorado-Garcia ve ark., 2018). Hollanda’da
yapilan bir ¢calismada, hastalardan izole edilen E. coli
suslarinin, perakende tavuk etleri ve tavuk kiimesle-
rinden izole edilen E. coli suglariyla ayni plazmid ve
GSBL genlerini tasidigi rapor edilmistir (Leverstein-
van Hall ve ark., 2011). Ulkemizde yapilan g¢alisma-
larda kirmizi et (Ondes ve Ozpinar, 2016), kanatl eti
(Pehlivanlar Onen ve ark., 2015), siit {riinleri (Husan
ve GCadirci, 2019), balik ve deniz Urunlerinden
(Benlikurt ve Ozpinar, 2016) gesitli oranlarda GSBL
Ureten E. coli izole edildigi bildirilmigtir. Tliketime ha-
zir sandviglerle ilgili diinya genelinde yapilan ¢alis-
malarda Yaici ve ark. (2017) 200 adet tuketime hazir
sandvigin 15’'inde (%7.5) GSBL lreten E. coli tespit
ettiklerini bildirmiglerdir. Sandviglerin yani sira diger
tiketime hazir gidalarla ilgili yapilan galismalarda,
Kim ve ark. (2015) 189 tuketime hazir salata érnegi-
nin 3'unde (%1.6), Li ve ark. (2017) 720 adet tuketi-
me hazir et Urindndn 64’Gnde (%8.9), Zurita ve ark.
(2020) 150 adet tuketime hazir yoresel sokak Urunu-
nin 20’sinde (%13.3), Sivakumar ve ark. (2021) 107
adet tiiketime hazir yéresel yemek 6rneginin 46’sinda
(%42.9), Guo ve ark. (2019) 99 adet tliiketime hazir
yemek orneginin 2’sinde (%2) GSBL ureten E. coli
saptamislardir. Ancak tiketiimeden 6nce herhangi bir
pisirme islemine tabi tutulmayan tiketime hazir gida-
larda GSBL ureten bakterilerin varligiyla ilgili galisma-
larin Ulkemizde sinirli oldugu goérilmektedir. Bu bilgi-
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ler dogrultusunda, bu galismada, hastane kantinlerin-
den toplanan tiketime hazir sandvi¢ Orneklerinde
GSBL (reten E. coli suglarinin kromojenik bazli kilttr
ybntemiyle izolasyonu, elde edilen izolatlarin moleku-
ler yontemlerle dogrulanmasi, GSBL Uretiminin feno-
tipik olarak belirlenmesi ve fenotipik GSBL pozitif
izolatlarda direng genlerinin ortaya konmasi amaglan-
mistir.

Gereg ve Yontem

Calismada Ocak ve Mayis 2021 tarihleri arasinda,
Samsun ili merkezindeki (g farkli hastane kantinin-
den toplanan (her kantinden 50 adet olmak Uzere)
150 adet tiketime hazir sandvig 6rnegi (tipik bilesim
olarak sandvic ekmegi arasinda domates, marul,
beyaz peynir veya kasar peyniri iceren) materyal ola-
rak kullanildi. Kantinlere ziyaretler ayda 10 defa ola-
cak sekilde, her bir ziyarette her kantinden bir adet
numune toplanmak Uzere gergeklestirildi. Bu sekilde
uc farkh kantinden her ay 30 adet numune olmak
Uzere 5 ay boyunca toplamda 150 adet numune top-
landi. Alinan numuneler aseptik kosullarda steril po-
setlere aktarilarak, en kisa sire icerisinde soguk zin-
cir altinda laboratuvara getirilerek analize alindi.

GSBL iireten E. coli izolasyon ve identifikasyonu

Her bir numuneden aseptik kosullarda steril numune
tartim posetlerine 25 gram tartilarak, 2 mg/L oraninda
sefotaksim (Sigma-Aldrich, 219380) iceren 225 mL
Tryptone Soy Broth (LabM, LABO04) ile sulandiriidi
ve 37 °C’'de 24 saat inkube edildi (Rasheed ve ark.,
2014). inkiibasyonun ardindan, siispansiyondan 100
pL alinarak suplement katkili (HiCrome™ ESBL Se-
lective Supplement, HiMedia, FD278) kromojenik
agara (HiCrome™ ESBL Agar Base, HiMedia,
M1829) ekim yapildi ve 37°C’de 24 saat inkibe edil-
di. Ureme gériilmeyen petriler 24 saat daha inkiibas-
yona birakildi. Ureticinin talimatlari dogrultusunda,
inkiibasyon sonunda pembe-mor koloniler sipheli
GSBL iireten E. coli olarak degerlendirildi. Ureme
gosteren petrilerin her birinden en fazla lg¢ adet tipik
koloni segcilerek, ileriki analizleri gerceklestirmek lze-
re Tryptone Soy Agar’a (LabM, LAB011) gecis yapil-
di. Supheli E. coli izolatlarinin dogrulanmasi Osek
(2001) tarafindan bildirilen yénteme gére yapildi. Bu
amagla E. coli spesifik Universal stres proteininin
(uspA) varligi PCR yontemiyle arastirildi.

GSBL iiretiminin saptanmasi

izolatlarin GSBL iretiminin saptanmasinda EUCAST
(2017) tarafindan bildirilen kombine disk difiizyon
yontemi uygulandi. Bu amagla sefotaksim (30 ug),
seftazidim (30 ug), sefotaksim/klavulanik asit (30/10
Mg) ve seftazidim/klavulanik asit (30/10 pg) igeren
diskler (Bioanalyse, ASDO01800, ASD02100
ASDO01820, ASD02110) kullanildi. Mueller Hinton
Agar’da (Oxoid, CM0337) ayni tip sefalosporin diskini
iceren klavulanik asitli ve klavulanik asitsiz diskler



Erciyes Univ Vet Fak Derg 2022; 19(1): 37-42

arasindaki farkin 25 mm olmasi GSBL pozitif olarak
degderlendirildi.

GSBL iiretiminden sorumlu genlerin tespiti

GSBL retiminden sorumlu blactxm (F: 5-
ATGTGCAGYACCAGTAARGTKATGGC-3 ve R: 5-
TGGGTRAARTARGTSACCAGAAYCAGCGG-3),

blasyy (F: 5-ATGCGTTATATTCGCCTGTG-3' ve R:
5-TGCTTTGTTATTCGGGCCAA-3’ ve blatey (F: 5-
TCGCCGCATACACTATTCTCAGAATGA-3 ve R: 5-
ACGCTCACCGGCTCCAGATTTAT-3’) genlerinin

Tolga UYANIK

Bulgular

Analiz edilen 150 adet tiketime hazir sandvi¢ 6rnegi-
nin 32’sine (%21.3) ait kromojenik petrilerde pembe-
mor uremeler gozlendi ve toplamda 83 adet stpheli
GSBL Uureten E. coli izolati toplandi. Elde edilen izo-
latlarin timinin PCR analizleri sonucunda uspA
genini igerdigi saptandi ve tim izolatlar E. coli olarak
dogrulandi. Kombine disk difiizyon testi sonucunda
83 adet izolatin 70’inin (%84.3) fenotipik olarak GSBL
Urettigi saptandi. izolatlarin dagilimini igeren veriler
Tablo 1'de gdsterildi.

Tablo 1. Tiketime hazir sandviclerde GSBL ureten E. coli izolatlarinin dagilimi

Kantin A Kantin B Kantin C Toplam
(50 ornek) (50 ornek) (50 ornek) (150 6rnek)
GSBL iireten E. coli pozitif 9 (%18) 11 (%22) 12 (%24) 32 (%21.3)
numune sayisi
Elde edilen siipheli GSBL 22 30 31 83
tireten E. coli izolat
PCRile E. coli olarak dogrula- 22 30 31 83
nan izolat sayisi
Fenotipik olarak GSBL iireten 18 25 27 70
izolat sayisi

tespiti amaciyla Monstein ve ark. (2007) tarafindan
bildirilen mPCR protokoli bazi modifikasyonlar uygu-
lanarak kullanildi. Hedeflenen Ug gen i¢in PCR karisi-
mi final konsantrasyonlari; 1X Taq buffer, 0.2 mM
dNTP mix (Thermo Scientific™, R0191), 1.5 mM
MgCl,, her bir primerden 0.4 mM, 1.25U Taq polime-
raz (Thermo Scientific™, EP0404) ve 1 pl kalip DNA
olmak Uzere toplamda 25 pl volim igin olusturuldu.
Amplifikasyon kosullari 95°C’de 3 dakika ilk denatu-
rasyon; 30 siklus boyunca 95°C’de 30 saniye denati-
rasyon, 60°C'de 30 saniye primer baglanmasi, 72°
C’de 1 dakika primer uzamasi ve son olarak 72°C’de
10 dakika son uzama seklinde gerceklestirildi. Elde
edilen amplikonlar 6X konsantrasyonda DNA loading
dye ile 6:1 oraninda karigtirilarak, 6 pg etidyum bro-
mit (10 mg/ml) iceren %1.5’luk agaroz jelde 1 saat 80
volt akimda ydrGtilda. Elektroforez isleminin ardin-
dan UV-Transilliminatérde (Daihan, WiseUV WUV-
L50) blacrxm geni 593 bp'de, blarey geni 445 bp’de
blasyy geni 747 bp’de goriintilendi. Daha 6nceki bir
calismadan (Uyanik ve ark., 2021) elde edilen ve
blacrx.m, blarem ve blasyy genlerini iceren kanath eti
kokenli K. pneumoniae susu pozitif kontrol olarak
kullanildi.

Istatistiksel analizler

Ug farkli kantinden toplanan numunelerde, GSBL
pozitif E. coli tespit edilen érnekler IBM SPSS Statis-
tics 15.0 (SPSS, ABD) programinda Fisher exact test
ile karsilastirildi. Verilerin gdsteriminde n (%) kullanil-
di. Anlamlilik diizeyi P<0.05 olarak kabul edildi.

Kombine disk difiizyon testi sonucunda fenotipik ola-
rak GSBL Urettigi saptanan 70 adet E. coli izolatin-
dan, duplikasyonu 6nlemek amaciyla her pozitif nu-
muneyi temsilen bir izolat secilerek, toplamda 32 adet
izolat blacrx.m, blatem ve blasyy genlerinin varligr yo-
ninden analiz edildi. Analiz sonuglarina gére 32 izo-
lattan 27’sinin analiz edilen G¢ genden en az bir tane-
sini igerdigi saptandi. izolatlarda en sik tespit edilen
genin blarey (%62.5) oldugu ve bunu blacrx.y geninin
takip ettigi (%34.3) goruldi. Dort adet izolatta blacrx.u
ve blarem genlerinin bir arada bulundugu gézlendi.
blasyy geni higbir izolatta tespit edilemedi (Sekil 1).
Bes adet fenotipik GSBL pozitif E. coli izolatinin ana-
liz edilen G¢ genden herhangi birini icermedigi sap-
tand. izolatlardaki gen dagilimini igeren veriler Tablo
2'de gosterildi.

Sekil 1. blactx-m, blatem ve blasuy genlerinin jel elekt-
roforez goruntisu. M: 100 bp DNA ladder, 1: Pozitif

kontrol (K. pneumoniae), 2: Negatif kontrol
(Escherichia coli ATCC 25922), 3, 4, 5: blactx.m pozi-
tif E. coli izolatlar 6, 7: blagy pozitif E. coli izolatlar
8: blatem ve blactx.m pozitif E. coli izolatl.
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Tablo 2. GSBL Ureten E. coli izolatlarinda direng gelisiminden sorumlu genlerin dagilimi

GSBL iireten E. coli izolatlar

Kantin A Kantin B Kantin C Toplam
blarey 5 6 5 16
blacrx.m 1 2 4 7
blacrx.m + blarey 1 2 1 4
blasyy - - - -
Toplam 7 10 10 27

A, B ve C olarak adlandirilan (g farkli kantinden top-
lanan 6rneklerde GSBL Ureten E. coli bulunma orani
sirasiyla %18, %22 ve %24 olarak elde edildi. Fisher
exact test sonucunda bu farkliligin istatistiksel olarak
Onemli olmadidi belirlendi (P>0.05).

Tartisma ve Sonug

E. coli bagirsak mikroflorasi basta olmak Uzere, in-
sanla ilgili codu ¢evrede bulunabilen kommensal bir
bakteri turadir. Hijyen indeksi mikroorganizmalar
icerisinde yer alan E. col/nin gidalardaki varligi, Gru-
niin hijyenik kalitesi hakkinda bilgi vermektedir. Ulke-
mizde yapilan calismalarda, tiketime hazir olarak
sunulan donerlerin %20 ve %40’inda (Algay, 2019;
Oksliztepe ve Beyazgiil, 2014), corbalarin %5’inde
(Colak ve ark., 2007), hazir yemeklerin %12’si ve %
2.7%inde (Golak ve ark., 2007; Senses-Ergul ve ark.,
2015), soguk mezelerin %10’'unda (Temelli ve ark.,
2005a) hedef bakterinin tespit edilmis olmasi tiketil-
meden Once 1sil islem goéren drlnlerde bile gesitli
dizeylerde E. coli bulunabilecegini gdstermektedir.
Bu calismada kullanilan izolasyon yontemine gére
sandviglerin %21.3’linden en az bir adet GSBL (Ure-
ten E. coli susu izole edilmistir, ancak GSBL negatif
E. coli suglarinin varligi arastiriimamistir. Bu nedenle
sandviglerdeki E. coli pozitifligi oraninin bu ¢alismada
elde edilen degerden daha ylksek oldugu dusunul-
mektedir ve bu sonug sandviglerin hijyenik kalitesinin
yetersiz olduguna isaret etmektedir.

Literatir taramalarinda sandviglerin bilesiminde bulu-
nan peynir, domates ve marullarin GSBL reten En-
terobacterales Uyelerini icerebilecedi saptanmistir
(Husan ve Cadirci, 2019; Said ve ark., 2015; van
Hoek ve ark., 2015). Bu bilgiler 1s1ginda, sandviglere
bulagsma kaynaginin birincil olarak Urinin bilesimine
giren materyalden ileri geldigi disuntlmektedir. Bu-
nun yani sira yapilan ¢alismalarda, aralarinda kantin
¢alisanlar (Catar ve Yildinm, 2020; Pamuk ve ark.,
2018), et ve sut Uretiminde c¢alisan personeller
(Temelli ve ark., 2005b), hipermarket personelleri
(Aksu ve ark., 2017), lokanta personelleri (Fidan ve
Agaoglu, 2004) ve hastane mutfak personellerinin
(Sert ve Bilgin, 2008) yer aldigi gida Uretimi ile ilgili
iscilerde cesitli dizeylerde E. coli tespit edildigi bildi-
rilmis ve hastane mutfak personeli ile kantin ¢alisan-
larindan izole edilen E. coli suslarinda GSBL Uretimi-
nin yaygin oldugu gosterilmigtir (Diriba ve ark., 2020;
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Luo ve ark., 2011). Bu nedenle, 6zellikle sandviglerin
hazirlanmasi asamasinda gerceklesen temasin Uru-
ndn kontaminasyonunda énemli oldugu dusunilmek-
tedir.

Dinya genelinde, tiketime hazir gidalarda GSBL
Ureten E. coli prevalansi %1.6 ile %42.9 arasinda
bildiriimektedir (Kim ve ark., 2015; Sivakumar ve ark.,
2021). Yoresel Urinlerin gesitliligi, Glkeler arasi hijye-
nik kosullar ve Urtinlere tiketim dncesi uygulanan isi
islemi gibi parametrelerin bu farkliiga sebep oldugu
ongorulmektedir. Sadece sandvicler agisindan deger-
lendirildiginde bu galismadan elde edilen sonucun,
Yaici ve ark. (2017) tarafindan yapilan calismaya
gOre daha ylksek oldugu gorulmektedir. Her iki ¢calig-
madaki izolasyon metodunun farkli olmasinin bu so-
nucu ortaya ¢ikarabileceg@i dustinulmdistar.

Epidemiyolojik calismalar, bolgeler arasi cografi fark-
liliklar olmasina ragmen, diunyada gida kaynakl E.
coli suslarinda GSBL Uretiminde CTX-M varyantlari-
nin yaygin oldugunu géstermektedir. TEM tipi enzim-
lerin, CTX-M tipi enzimlerden sonra gorildigu ve
SHV tipi enzimlerin E. coli suslarinda nadir olarak
goOrulmesine ragmen, Klebsiella spp. suslarinda yay-
gin oldugu bildiriimektedir (Balazs ve ark., 2021).
Kiresel ¢apta oldugu gibi, Ulkemizde de hayvansal
gidalarda yapilan galismalarda GSBL Uretiminden
sorumlu dominant enzimin CTX-M varyantlari oldugu
cesitli calismalarla ortaya konmustur (Husan ve Ca-
dirci, 2019; Ondes ve Ozpinar, 2016; Pehlivanlar
Onen ve ark., 2015; Tekiner ve Ozpinar, 2016). An-
cak bu galismada Ug farkli kantinden elde edilen or-
neklerdeki GSBL Uretiminden sorumlu dominant ge-
nin blarey (%62.5) oldugu goérilmistir. Farkli kantin-
lerden elde edilen izolatlardaki gen dagihimlarinin
blylk 6lcide benzerlik gdsterdigi saptanmistir ve
ileriki calismalarda yapilacak filogenetik analizlerle
izolatlar arasindaki iligkinin ortaya konmasi planlan-
maktadir.

Tiketilmeden 6nce herhangi bir isil igleme tabi tutul-
mayan tiiketime hazir gidalarin mikrobiyolojik kalitesi
halk saghgdinin korunmasinda énemli bir konudur. Bu
calismada, tiiketime hazir sandviglerin GSBL Ureten
E. coli suglarini icerdigi tespit edilmistir ve bu sonug¢
GSBL uretimiyle ilgili direng genlerinin insan florasina
aktariminda 6nemli bir yol olabilecegini disindir-
mistir. Bu calismadan elde edilen verilerin ileriki
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calismalarda hastane ve insan kokenli izolatlarla kar-
silastirilarak, muhtemel bulasma ve gegis yollarinin
ortaya konmasi dusunulmektedir.
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Oz: Haemobartonellosis, kedilerde siddetli hemolitik anemiyle seyreden bir hastaliktir. Haemobartonella felis olarak
bilinen hastalik etkeninin glinimizde yapilan siniflandirma ¢aligmalari sonucunda Mycoplasma haemofelis olarak ad-
landiriimasina karar verilmistir. Son yillarda enfeksiyonun tlkemizdeki gorilme sikhdi artmistir. Trombosit indeksleri,
veteriner hekimligi alaninda yeni kullaniimaya baslanan parametreler oldugundan, kedi ve kopek pratiginde bu konu ile
ilgili yapilan ¢alismalarin artmasinin faydali olabilecegi 6ngorilmistir. Bu dogrultuda, 25 saglikh kedi ve mikroskobik
inceleme sonucunda Mycoplasma spp. teshisi konulan 25 hasta kedinin trombosit sayisi (PLT) ve indeksleri (MPV,
PCT) retrospektif olarak incelenerek karsilastiriimistir. Trombosit sayisi ve indekslerinin teshis ve prognoz konusunda
anlamli olup olamayacaginin incelenmesi amaciyla yiritilen bu galismanin sonucunda; trombosit sayisi (PLT) ve
trombosit indekslerinden trombositokrit (PCT), hasta hayvanlarda saglikli hayvanlara gore distk, trombosit hacmi
(MPV) ise yuksek oOlgulmustur (P<0.001). Calisma sonucuna gore trombosit indekslerinin, Mycoplasma spp.ile enfekte
olan kedilerde tani ve prognoza yonelik potansiyel bir degere sahip olabilecedi ve konu ile ilgili gelecekte genis kap-
samli galigmalarin yapilmasinin veteriner hekimligine katki saglayabilecegi disunulmektedir.

Anahtar kelimeler: Anemi, mycoplasma, platelet indeksleri, trombositopeni

Investigation of Platelet Count and Platelet Indices in Cats Infected with Mycoplasma spp.

Abstract: Haemobartonellosis is a disease that is accompanied by severe hemolytic anemia in cats. As a result of
today's classification studies of the disease agent known as Haemobartonella felis, it has been decided to name it My-
coplasma haemofelis. In recent years, the incidence of infection in our country has increased. Since platelet indices are
parameters that have just begun to be used in the field of veterinary medicine, it was predicted that more studies on
this subject in cat and dog practice would be beneficial.In this direction, the platelet count (PLT) and indices (MPV,
PCT) of 25 healthy cats and 25 sick cats diagnosed with Mycoplasma spp. as a result of microscopic examination were
retrospectively analyzed and compared. As a result of this study, which was carried out to examine whether platelet
count and indices could be meaningful in diagnosis and prognosis; Platelet count (PLT) and thrombocyte indices (PCT)
were lower in sick animals than healthy animals, and platelet volume (MPV) was higher (P<0.001). According to the
results of the study, it is thought that thrombocyte indices may have a potential value for diagnosis and prognosis in
cats infected with Mycoplasma spp. and that conducting wide-ranging studies on the subject in the future may contrib-
ute to veterinary medicine.

Keywords: Anemia, mycoplasma, platelet indices, thrombocytopenia

Girig mis olan bu etken, kedi mycoplasmalari icinde siddet-

o . . li hemolitik anemiye sebep olmasiyla bilinen bir pato-
Kedilerin infeksiyoz anemisi olarak da adlandirilan jendir (Messick, 2004; Willi ve ark., 2005). Bu hasta-
haemobartonellosis enfeksiyonunun etkeni, ilk olarak |ikta kanla beslenen artropodiarin 6nemli rol oynadig
1942 yilinda Giiney Afrika'daki anemik bir kedide bilinmekle beraber, Mycoplasmalar igin bulas konusu
Eperythrozoon felis olarak tanimlanmis ve sonrasin-  tam olarak netlik kazanmamistir. Etkenin, kan nakli
da 1953 yilinda ABD'deki bir kedide benzer bir orga-  gjrasinda, vertikal olarak ve hatta kedilerin birbirini
nizma gérulmus ve bu etken 1955 yilinda Haemobar- Isirmas| esnasinda tiikiiriik yoluyla da bulasabilecegi

tonella felis olarak adlandiriimistir (Clark, 1942; Flint yapilan bazi calismalarda bildirilmistir (Woods ve
ve Moss, 1953; Tasker ve Lappin, 2002). Son yillarda ark., 2005; Willi ve ark., 2006; Willi ve ark., 2007).
yapilan siniflandirma calismalari sonucunda Mycop- Hasta kedilerde hemolitik anemiyle birlikte tipik olarak
lasma haemofelis olarak adlandiriimasina karar veril- durgunluk, anoreksi, kilo kaybi ve depresyon goriil-

mektedir (Tasker ve Lappin, 2002). Cinsiyetin erkek
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Ayrica 4-6 yasindan kuiglk olan kedilerin enfekte
olma riskinin daha diglk oldugu bildirilmistir
(Grindem ve ark., 1990; Hayes ve Priester, 1973;
Small ve Ristic, 1971).

Trombositler, pihtilagsma faktéorleri ile birlikte birincil
gbrevi hemostaz olan dinamik kan hicreleridir
(Budak ve ark., 2016). Hemostaz ve trombozdaki
onemli rollerine ek olarak, yapilan ¢alismalar trombo-
sitlerin inflamatuar siirece, mikrobiyal konak savun-
masina, yara iyilesmesine ve anjiyogeneze katkida
bulundugunu gostermektedir (Golebiewska ve Poole,
2015). Trombositlerin diger hiicreleri etkileme yetene-
gi, hastaliklarin patofizyolojisinde birgok yerde rol
oynayabilecekleri anlamina gelmektedir (Budak ve
ark., 2016). Cesitli enfeksiyonlar ve metabolik bozuk-
luklar trombosit sayilarinda ve trombosit indekslerin-
de degisikliklere neden olmaktadir. Trombosit morfo-
lojisi ve fonksiyonlarinin biyolojik belirtegleri olan
trombosit sayisi (PLT), ortalama trombosit hacmi
(MPV), trombosit dagihm genigligi (PDW), trombosi-
tokrit (PCT) glnumuzdeki hematoloji analizorleri ile
otomatik olarak elde edilebilmekte ve ek maliyetler
gerektirmeden tani ve prognostik anlamda yardimci
olmaktadir (Budak ve ark., 2016; Bayleyegn ve ark.,
2021).

MPV, trombosit hacminin ve trombosit aktivasyonu-
nun dolayl bir dlgimudidr. Trombosit yaslandikea,
trombosit blyUkligu azalmakta ve artmis bir MPV,
dolagimdaki geng¢ trombositlerin oraninin arttigini
gOstermektedir. PDW, trombosit boyutundaki hacim
degiskenliginin bir gdstergesidir ve trombosit anizosi-
tozu varlidinda artmaktadir. Trombosit buyukltklerin-
de heterojenitenin saptanmasi, trombosit aktivasyo-
nunun degerlendiriimesi bakimindan 6nem arz et-
mektedir. Normal bir fizyolojik durumda, PDW ve
MPV arasinda dogrudan bir iligki vardir. Hematokrite
(HCT) benzer olan trombositokrit (PCT) degeri ise,
trombositlerin ylizde olarak kanda kapladigi toplam
hacmi ifade etmekte ve (trombosit sayisi x MPV /
10.000) formuliyle hesaplanmaktadir (Bayleyegn ve
ark., 2021).

Son yillarda Mycoplasma spp.’in sebep oldugu hae-
mabartonellosis enfeksiyonunun tlkemizdeki gériime
sikhgi artmistir.Kedi ve kdpek pratiginde trombosit
indeksleri ile ilgili Ulkemizde yapilan calismalara
(Koenhemsi, 2019; Colakoglu ve Haydardedeoglu,
2019; Ozata ve Ural, 2014; Yilmaz ve ark., 2008;
Koenhemsi ve ark., 2020) ek olarak arastirmalarin
genigletiimesinin gerekli oldugu 6ngorilmistir. Bu
calismanin amaci, Mycoplasma spp. ile dogal olarak
enfekte olmus kediler ile saglikh kedilerin trombosit
sayisi ve indekslerinin kargilastirilmasi ve sonuglarin
teshis ve prognoz konusunda anlamli olup olamaya-
caginin incelenmesidir.
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Gereg ve Yontem

Ocak 2020-Mayis 2021 tarihleri arasinda Istanbul
Universitesi-Cerrahpasa, Veteriner Fakiiltesi, ic Has-
taliklari Anabilim Dal’'na basvuran ve mikroskobik
inceleme sonucunda Mycoplasma spp. teshisi konu-
lan kediler ile agsilama ve rutin saglik kontroll amaciy-
la getirilen saghkl kediler, elektronik tibbi kayit veri
tabani Uzerinden yapilan taramalar sonucunda tespit
edilmis ve arastirma retrospektif olarak yiritilmuis-
tir. Calismanin retrospektif olarak veri tarama seklin-
de gercgeklestiriimis olmasi sebebiyle etik kurul onayi-
na gerek duyulmamistir.

Calisma kapsaminda degerlendirilen kedilerin anam-
nez ve klinik muayene bulgulari, poliklinigimizin oto-
masyon sisteminden bulunarak not edilmistir. Kedile-
rin juguler venasindan alinan ortalama 3 mllik kan
EDTA’lI tiplere konulmus ve Idexx ProCyte Dx model
hemogram cihaziyla incelenmistir.

Mikroskobik inceleme icin kan frotileri hazirlanmis ve
Romanovsky metodu ile boyanan froti 6rnekleri mik-
roskop altinda incelenmistir.

Yapilan incelemeler sonrasinda, Mycoplasma spp. ile
dogal olarak enfekte olmus 25 kedinin (Grup 1) trom-
bosit sayisindaki ve trombosit indekslerindeki degisik-
likler kontrol grubundan olusan 25 saglikh kedininki
(Grup 2) ile karsilagtiriimigtir.

Verilerin dagiimi Shapiro-Wilk testi ile kontrol edil-
migstir. RBC, HCT, HGB, MCV, MCH, RDW, MONO,
PLT, MPV ve PCT degiskenlerinin normal dagilim
sergiledigi belirlenmigtir. Normal dagilim gdsteren
degdigkenlerin istatistiki analizinde “bagdimsiz 6rnek-
lem t-testi” uygulanmigtir. Normal dagilim gésterme-
yen MCHC, RETIC, WBC, NEU, LYM, EOS ve BASO
degiskenlerinin analizinde ise “Mann-Whitney-U testi”
uygulanmistir. Gruplar arasi analizler bagimsiz 6r-
neklem t-testi ile degerlendiriimigtir. Varyanslarin
homojenligini degerlendirmek amaci ile “Levene’s
Test” kullaniimigtir. Verilerin gosteriminde “aritmetik
ortalama +* standart hata” kullaniimistir. Veriler, “IBM
SPSS Statistics 25” paket programi ile analiz edilmig-
tir. Sonuglar icin anlamlilik seviyesi P<0.05 olarak
kabul edilmistir.

Bulgular

Her iki gruptaki hayvanlarin yas, irk ve cinsiyet bilgisi
kaydedilmistir (Tablo 1). Hasta grubunun 10 erkek ve
15 disi olmak Uzere, 24 tekir ve bir British Shorthair
irki kediden; saglikli grubunun ise, 12’si erkek, 13U
disi olmak (izere; (¢ Iran kedisi, bir Van kedisi, dort
Scottish Fold ve 17 tekir kediden olustugu belirlen-
mistir.
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Tablo 1. Saglikli ve hasta kedilerin cinsiyet ve irk bilgileri

Emine Merve ALAN

Grup Cinsiyet Irk
Saghikh Erkek (%48) Tekir (%68)
Disi (%52) Scottish Fold (%16)

iran kedisi (%12)
Van kedisi (%4)

Hasta Erkek (%40)
Disi (%60)

Tekir (%96)
British Shorthair (%4)

Hasta kedilerin yas ortalamalari 4.4 saptanirken, sag-
likh kedilerin yas ortalamasi 3.9 olarak belirlenmigtir.

Hemogram tahlilleri neticesinde hasta kedilerin %
40’inda normositik normokromik anemi ve %20’sinde
makrositik normokromik anemi tespit edilmistir. Buna
ek olarak hasta kedilerin %60’1nda monosit degerleri-
nin ylksek oldugu saptanmistir. Hastalarin %60’inda
trombositopeni varligi tespit edilmistir.

Hasta ve saglikli gruplar arasinda RBC, HCT, HGB,
MONO, PLT, MPV, PCT, EOS degerleri agisindan
yuksek dlzeyde istatistiksel anlamlilik saptanmistir
(P<0.001). MCV, WBC, NEU, LYM, BASO degerleri
arasindaki fark ise P<0.05 diizeyinde anlamli sonug-
lanmistir (Tablo 2).

12'sinin disi, altisinin ise erkek oldugu belirtilmigtir.
Celik ve ark. (2021)ise, PCR taramasi ile yaptiklari
calismada, 246 kediden 21’inde hemoplasma tirlerin-
den en az birine rastladiklarini ve bu kedilerden sa-
dece alti tanesinin digi oldugunu bildirmislerdir. Bildiri-
len caligmalarin aksine bu galismada, hasta kedilerin
15 disiden ve 10 erkekten olustugu belirlenmigtir.

Kedilerdeki hemoplasma enfeksiyonlari gesitli klinik
semptomlarla kendini belli etmektedir. Bunlardan en
cok bilineni ise anemidir. Celik ve ark. (2021) yaptigi
g¢alisma sonucunda incelenen kedilerin %18.7 sinde
anemi varligi saptanmistir. Kurtdede ve Ural (2004)
yayinladiklari ¢aligmada, heamebartonella teghisi
konulmus kedilerden iki tanesinde normositik nor-
mokromik rejeneratif anemi, bir tanesinde normositik-
hipokromik anemi, diger bir tanesinde ise makrositik

Tablo 2. Mycoplasma spp. ile enfekte kedilerde ve saglikh kedilerde tam kan sayimi parametreleri ve istatistik

sonuglari
Parametreler = Hasta Kediler Ort +SE Saglikh Kediler Ort +SE Referans Araligi P Degeri
RBC (M/uL) 4.63 £ 0.50 9.56 +0.24 6.54 -12.2 <0.001
HCT (%) 20.77 £ 2.11 38.95+0.89 30.3-52.3 <0.001
HGB (g/dl) 6.90 + 0.69 13.28 £ 0.27 9.8-16.2 <0.001
MCV (fL) 46.97 £ 2.58 41.06 £ 0.68 35.9 - 53.1 <0.05
MCH (pg) 15.40 £ 0.91 14.01 £ 0.20 11.8-17.3 >0.05
MCHC (g/dI) 32.71+£0.91 34.18 £0.28 28.1-35.8 >0.05
RDW (%) 2459 £ 0.94 24.88 £ 0.40 15.0-27.0 >0.05
RETIC (K/pL) 54.63 £ 14.96 16.53 +2.11 3.0-50.0 >0.05
WBC (K/pL) 13.75+ 1.69 10.63 +2.38 2.87-17.02 <0.05
NEU (K/pL) 7.66 +1.15 4.36 £ 0.39 2.30-10.29 <0.05
LYM (K/pL) 4.46 +0.60 2.87+£0.21 0.92-6.88 <0.05
MONO (K/pL) 0.97 £0.13 0.33 £0.02 0.05-0.67 <0.001
EOS (K/pL) 0.59 +0.29 0.70 £ 0.09 0.17 - 1.57 <0.001
BASO (K/uL) 0.06 + 0.02 0.07 £ 0.01 0.01-0.26 <0.05
PLT (K/uL) 152.12 £ 25.96 306.76 + 22.48 151 - 600 <0.001
MPV (fL) 19.60 + 0.52 16.42 +0.28 11.4-216 <0.001
PCT (%) 0.29 £ 0.04 0.50 £ 0.03 0.17 - 0.86 <0.001

RBC: Eritrosit sayisi; HCT: Hematokrit; MCV: Ortalama eritrosit hacmi; MCH: Ortalama eritrosit hemoglobini; MCHC: Ortalama
eritrosit hemoglobin konsantrasyonu; RDW: kirmizi hiicre dagiim genisligi; RETIC: Retikiilosit; WBC: Lékosit; NEU: No6trofil;
LYM: Lenfosit; MONQO: Monosit; EOS: Eozinofil; BASO: Bazofil; PLT: Platelet; MPV: Ortalama trombosit hacmi; PCT: Trom-

bositokrit

Tartisma ve Sonug

Akkan ve ark. (2005) 82’si erkek ve 39'u disi olmak
Uzere toplam 121 Van kedisi lizerinde yaptiklari galis-
mada, kedilerin %14.88'inde haemobartonellosis
tespit etmiglerdir. Hastallk tespit edilen kedilerden

normokromik anemi gorildigini ve ayrica2 kedide
monositoz saptandidini bildirmislerdir. Sekiz yaginda
ve Mycoplasma spp. pozitif bir iran kedisi igin yapilan
olgu sunumunda, HCT ve HGB degerlerinin disuk
oldugu bildirilmigtir (Senthil ve ark., 2014). Ug yagin-
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daki erkek bir kedi ile alakali bagka bir olgu sunumun-
da ise trombositopeni, makrositik hipokromik anemi
ve monositozis saptanmistir (Aslan ve ark., 2010).
Akkan ve ark. (2005) Van kedileri Gizerinde yaptiklari
calismada hasta kedilerin RBC ve HCT degerlerinin
fizyolojik sinirlar iginde élguldiguni bildirmiglerdir. Bu
calisma ise, Kurtdede ve Ural'in (2004) yaptigina
benzer olarak sonuglanmis ve hasta kedilerin %
40’inda normositik normokromik anemi ve %20’sinde
makrositik normokromik anemi tespit edilmistir. Buna
ek olarak hasta kedilerin %60’1nda monosit degerleri-
nin yiksek oldugu saptanmistir. Buradaki farklilikla-
rin, mycoplasma etkeninin tiriine ya da hastaldin
akut veya kronik seyretmesine gore sekillenmis olabi-
lecegi disindlmustur.

PLT ve indeksleri ile alakali ¢esitli hastaliklarin olug-
turdugu calismalar incelendiginde farkli sonuglarla
karsilasiimigtir. Koenhemsi 2019 yilinda yayinladigi
calismada, parvoviral enterit teshisi konulan kdpekle-
rin PLT, PCT, MPV degerlerinde istatistiksel bir farkli-
lik saptanmadigini bildirmistir. Colakoglu ve Haydar-
dedeoglu (2019) immun hemolitik anemisi (IMHA)
olan kopekler Uzerinde yurittikleri galigmada, MPV
degerinin IMHA'lI kopeklerde referans popllasyona
kiyasla anlamli olarak daha yuksek oldugunu, PLT ve
PCT icin ise gruplar arasinda anlamli fark bulunama-
digini bildirmislerdir. Ehrlichia canis ve Anaplasma
phagocytophilum ile enfekte kdpeklerle yapilan baska
bir calismada, PLT ve PCT degerleri hasta hayvan-
larda saglikli hayvanlara gore duslk tespit edilirken,
MPV sonucunun ise istatistiksel bir fark gostermedigi
bildirilmistir (Ozata ve Ural, 2014). Yapilan calisma-
larda elde edilen sonug farkliliklarinin, hastaligin et-
keni, hayvan turl ve hastaligin dénemi ile iligkili olabi-
lecegi disUndlmustur.

Yiimaz ve ark. (2008) tarafindan endotoksemili ko-
pekler Uzerinde yapilan c¢alismanin sonucunda ise
PLT ve PCT’nin referans araligindan disik, MPV’nin
ise yuksek olculdigu bildirilmis ve endotoksemili ko-
peklerde teshis ve monitorizasyon igin trombosit in-
dekslerinin degerlendiriimesinin anlamh olacagi sonu-
cuna variimistir. Pyometra’nin da yaygin komplikas-
yonlarindan birinin endotoksemi oldugu bilinmektedir
(Fransson ve Ragle, 2003). Koenhemsi ve ark.
(2020) pyometrali kedi ve kdpekler tzerinde yaptikla-
ri galismanin sonucunda trombosit ve indekslerinde
anlamh bir farklihk saptamamislardir. Yazarlar bu
sonucu, arastirmaya dahil edilen kedi ve képeklerin
pyometranin erken safhasinda olmalarindan kaynak-
lanabilecegi ve ileri safhadaki hayvanlar icin de aras-
tirma yapilmasinin gerekli oldugu seklinde yorumla-
mislardir. Rejeneratif trombositopeni tespit edilen
mevcut galismamizin, Yilmaz ve ark. (2008) tarafin-
dan yapilan calisma ile uyumlu oldugu goérilmustur.
Bu dogrultuda, Mycoplasma spp. pozitif olan kediler-
de de endotoksemi sekillenebilecedi ve MPV artisinin
kemik iliginin endotoksinlere olan yaniti ile iligkili ola-
bilecegi sonucuna variimistir.
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Bu calismanin sonucunda; trombosit sayisi (PLT) ve
trombosit indekslerinden PCT, hasta hayvanlarda
saglikh hayvanlara gére dusik, MPV ise yuksek 6lI-
culmustur (P<0.001). Trombositlerdeki kantitatif azal-
ma olan trombositopeninin, ciddi morbiditeye neden
oldugu bilinmektedir (Bayleyegn ve ark., 2021).
Trombosit Uretimi azaldiginda, Uretilen gen¢ trombo-
sitler daha buyUk ve aktif hale gelmekte ve MPV sevi-
yeleri artmaktadir. Artan MPV, Uretim hizi ve trombo-
sit aktivasyonunun bir belirteci olarak kullanilabilen
trombosit capinin  arttiginin  bir  gdstergesidir.
(Sachdev ve ark., 2014). Trombosit sayisinin ve
PCT'nin eszamanh olarak dislk 6lgliimesi trombosit-
lerin agin tuketildigini géstermektedir (Zhang ve ark.,
2015). Daha 6nce beseri alanda yapilan ¢alismalarda
da trombosit sayisi ile trombositokrit arasinda pozitif
bir korelasyon oldugu, ayni zamanda artan parazite-
mi seviyesinin hem PCT hem de trombosit sayisinin
azalmasi ile iligkili oldugu bildirilmistir (Bayleyegn ve
ark., 2021; Gupta ve ark., 2019; Tangvarasittichai ve
ark., 2016).

Mevcut hemogram cihazimizdaki eksiklik sebebiyle
trombosit dagilim genigligini ifade eden PDW’nin de-
gerlendirmeye katilamamis olmasi, hasta kedilerin
tedavi sonrasindaki hemogram tahlillerinin degerlen-
dirmeye alinamamis olmasi ve sag kalim surelerinin
belirlenememis olmasi bu ¢alisma igin kisitlayici bir
faktor olmustur. Bu ¢alismanin sonucunda, tombosit
indekslerinin, haemobartonellosis ile enfekte olan
kedilerde tani ve prognoza yonelik potansiyel bir de-
gere sahip olabilecegi fakat ileriki donemlerde my-
coplasma tur tayinlerinin de belirlendigi daha genis
capli ¢calismalarin yurutilmesinin veteriner hekimlik
alaninda aydinlatici nitelikte olabilecegi dusuncesine
varilmistir. Buna ek olarak, veteriner alanda cesitli
hastaliklardaki trombosit ve indekslerinin degdisimleri-
nin degerlendirildigi ileri ¢alismalarin yapilmasinin
faydali olabilecegi 6ngorilmustir.
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Oz: Bu calismada Kastamonu’nun merkez ilgesinde bir yaban domuzunun nekropsi analizi sonucunda akcigerlerinde
belirlenen ve morfolojik identifikasyonla Metastrongylus pudentodectus olarak teshis edilen akciger kil kurtlarinin mito-
kondrial DNA cytochrome oxidase subunit 1 (COX1) gen bdlgesi molekiler olarak karakterize edilmis ve filogenetik
iligkileri arastiriimistir. DNA barkodlama analizlerine 10 adet M. pudontedectus izolati dahil edilmis olup genomik DNA
izolasyonu sonrasi COX1 gen bdlgesi tasarlanan primerlerle ¢ogaltiimis ve sekans analizlerine tabii tutulmustur. Se-
kans analizleri sonucu morfolojik tir konfirmasyonlari saglanmigtir. COX1 gen bolgesi sekans analizleri sonucunda
aralarinda %0.4 genetik farklilik belirlenen 2 haplotip belirlenmistir. Filogenetik analizlerde her iki haplotipe ait izolatla-
rin GenBank veri tabanindaki referans ve gesitli Ulkelerden bildirilmis M. pudendotectus izolatlariyla birlikte monofiletik
kiime olusturdugu belirlenmistir. Metastrongylus pudendotectus izolatlarinin ayrica ayni soydaki M. apri ve M. salmi ile
ortalama %10.8 ve %12.5, Dictyocaulus tirleriyle ortalama %15.0 ve Syngamus trachea ile de %15.8 genetik farklilik
gosterdigi tespit edilmistir. Bu g¢alisma ile Turkiye'de yaban domuzlarinda enfeksiyona yol agan akciger kil kurdu M.
pudendotectus igin ilk filogenetik karakterizasyon verileri saglanmistir. Elde edilen sonuglar domuzlarda akciger kil
kurtlarinin molekiler epidemiyolojisine katki saglamistir.
Anahtar kelimeler: Akciger kil kurdu, filogenetik karakterizasyon, Metastrongylus pudendotectus, Turkiye, yaban do-
muzu

DNA Barcoding and Phylogenetic Characterization of the Lungworm Metastrongylus pudendotectus

(Metastrongylidae: Nematoda) Detected in a Wild Boar in Turkey

Abstract: In this study, lungworms detected in the necropsy analyses of a wild boar in central district of Kastamonu
and diagnosed as Metastrongylus pudendotectus by morphological identification were molecularly characterized using
mitochondrial cytochrome oxidase subunit 1 (COX1) gene sequences and their phylogenetic relationships were investi-
gated. Totally 10 M. pudendotectus isolates were included in DNA barcoding analyses. COX1 gene region was ampli-
fied with newly designed primers and subjected to the sequence analyses after genomic DNA isolations. Morphological
species identifications were confirmed by sequence analyses results. Two haplotypes with 0.4% genetic difference
were determined by sequence analyses of the COX1 gene region. In phylogenetic analyses, both haplotypes were
placed into a monophyletic cluster with the reference and published isolates of M. pudendotectus from several coun-
tries in GenBank. Furthermore M. pudendotectus isolates showed genetic differences of 10.8% and 12.5% with M. apri
and M. salmi in the same genus, 15.0% with Dictyocaulus species and 15.8% with Syngamus trachea. The first phylo-
genetic characterization data on the lungworm M. pudendotectus infecting wild boars in Turkey is provided with this
study. The obtained results also contribute to molecular epidemiology of lungworms in boars.

Keywords: Lungworm, Metastrongylus pudendotectus, mitochondrial DNA, phylogenetic characterization, Turkey, wild
boar

Girig ark., 2016; Dodangeh ve ark., 2018). Yaban domuz-

. . ) larinin, belirgin Klinik belirtiler olmaksizin yuzlerce
Son konagi evcil (Sus domesticus) ve yaban domuz- Metastrongylus tirinl barindirabilecegi bilinmesine
lari (Sus scrofa) olan ve akciger kil kurtlar olarak ragmen, siddetli enfeksiyonlar, 6zellikle yavru domuz-
bilinen Metastrongylus tirleri heteroksen nematod larda ve yaban domuzlarinda, kronik bronsit ve solu-
parazitlerdir. Verminéz pnémoni ile karakterize me- num semptomlari olarak ortaya cikan verminéz pno-
tastrongylosis, evcil ve yaban domuzlarini etkileyen  monjye neden olabilir (da Silva ve Miiller, 2013). Has-
onemli bir solunum yolu hastaligidir (Poglayen ve taligin yavrulari daha siddetli etkilemesinin bagisikli-

gin yasla birlikte gelistigini distndurmektedir (Spieler
Gelis Tarihi/Submission Date - 14.02.2022 ve Schnyder, 2021). Metastrongylus enfeksiyonlari-
Kabul Tarihi/Accepted Date  : 04.03.2022 nin olusturduklari doku hasariyla gogu kez domuz
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sirkovirtist, domuz gribi virlsu ve firsatgi bakterilerle
eszamanl enfeksiyon olusturdugu bilinmekte olup bu
son durumda 6lumcil bronkopndémoni tablosu ortaya
cikabilmektedir (Marruchella ve ark., 2012; da Silva
ve Miller, 2013).

Gunumuze kadar alti Metastrongylus tirl tanimlan-
mistir: Metastrongylus apri (syn. M. elongatus), Me-
tastrongylus asimetrikus, Metastrongylus confusus,
Metastrongylus madagascariensis, Metastrongylus
pudendotectus ve Metastrongylus salmi. Kuresel
olarak, M. apri, M. salmi ve M. pudendotectus en
yaygin turler olarak rapor edilirken (Gasso ve ark.,
2014), M. madagascariensis sadece Madagaskar'da
bildirilmistir (Chabaud ve Gretillat, 1956). Metast-
rongylus turleri Dinyanin farkh yerlerinde evcil ve
yaban domuzlarinda tek basina veya miks olarak
enfeksiyona yol agma yeteneginde olan turler olarak
tanimlanmistir (Gassé ve ark., 2014).

Yaban domuzu, evcil hayvanlardan farkli olarak gesit-
li enfeksiyoz etkenlerin orman ¢emberinde rezervuar
konak olarak zoonotik bulagsma noktasinda epidemi-
yolojik agidan dénemli bir rol oynayabilir (Mansouri ve
ark., 2016). Yaban domuzu Tirkiye'nin hemen he-
men tum ekosistemlerinde bulunabilir. Yaban domuz-
lari Turkiye'de yaygin olmasina ragmen, bu hayvanla-
rin parazitleri ile ilgili sinirli sayida arastirma yapil-
mistir (Merdivenci, 1965; Merdivenci, 1983; Senlik ve
ark., 2010; Aypak ve ark., 2013; Kesik ve ark., 2020).
Bu galismalar arasinda akciger kil kurtlarinin morfolo-
jik incelemelerle raporlandigi iki galisma bulunmakta-
dir (Merdivenci, 1965; Merdivenci, 1983). Akciger kil
kurtlarinin prevalansi Uzerine detayli analizlerin yapil-
digi morfolojik teshis tabanli Bursa yoresinde yiritul-
mus yalnizca bir calisma ($enlik ve ark., 2011) bulun-
makta olup ilgili calismada incelenen 27 yaban domu-
zu akcigerlerinin %52’sinde M. pudendotectus, %
59'unda M. apri ve %52’sinde de M. salmi enfeksiyo-
nu rapor edilmistir. Giinimize kadar Turkiye'de ya-
ban domuzlarinda akciger kil kurtlarinin genetik gesit-
liligi ve filogenetik iligkileri Gzerine herhangi bir veri
bulunmamaktadir.

Bu galismada Kastamonu yoresinde avcilar tarafin-
dan avlanarak Kastamonu Universitesi Veteriner Fa-
kiltesi'ne getirilen bir yaban domuzunun nekropsi
muayenesi sonrasi akcigerlerinde belirlenen nema-
todlarin morfolojik ve molekiiler teshislerinin yapilma-
sI ve elde edilen izolatlarin mitokondrial DNA temelin-
de filogenetik iligkilerinin arastiriimasi amaglanmistir.

Gereg ve Yontem

Parazit materyali, morfolojik identifikasyon ve
genomik DNA izolasyonu

Calismada, Ocak 2022 ayi igerisinde Kastamonu
yoresinde avcilar tarafindan avlanarak Kastamonu
Universitesi Veteriner Fakiiltesine getirilen bir digi
yaban domuzunun nekropsi muayenesi gerceklestiril-
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mis ve akciger bronglarinda ¢ok sayida nematoda
tespit edilmistir. Nematodlar pens yardimiyla toplana-
rak steril fizyolojik su igerisine alinmistir. Parazitler
daha sonra 3 kez steril PBS ile yikandiktan sonra %
70 etil alkol igerisine aktariimis ve bekletiimeden mik-
roskop altinda incelenerek ilgili teshis anahtarlari
(Gasso ve ark., 2014; Poglayen ve ark., 2016) yardi-
miyla teshisleri yapilmistir. Parazitler daha sonra
genomik DNA izolasyonu yapilincaya kadar %70 etil
alkol icerisinde -20°C’de muhafaza edilmistir. Morfo-
lojik teshisleri yapilan toplam 10 parazit 6rneginden
PureLink™ Genomic DNA Mini Kit (Thermo Fisher,
ABD) kullanilarak gDNA izolasyonlari gerceklestiril-
migtir. Elde edilen gDNA ekstraktlarindan alinan 6r-
nekler Qubit® Fluorometric Quantitation (Life Tech-
nologies) spektrosunda islenerek total gDNA miktar-
lari (ng/ul) belirlenmistir. gDNA &6rnekleri kullanilana
kadar -20°C’de muhafaza edilmistir.

Mitokondrial cytochrome oxidase subunit 1 gen
bélgesinin amplifikasyonu

Orneklerden elde edilen gDNA izolatlarinda COX1
gen bolgesinin ¢ogaltilabilmesi icin GenBank veri
tabanindaki referans M. pudendotectus mitokondrial
genom sekansi Uzerinde Geneious Prime 2022.0.2
(www.geneious.com) yazihmi kullanilarak degisken
bdlgeleri iceren ve GenBank'taki diger benzer takson-
lardaki mevcut sekanslar da kapsayan 711 bp uzun-
luktaki bir bolgeyi ¢ogaltan optimum o6zellikte primer
tasarimi yapilmistir. Orneklere ait gDNA izolatlari
MPdsF (5”- TTTGGGTGGTATTAATTTTATGTG-3")
ve MPdsR (5"-AAAMTAATACCAGTAWAAATCCCA-
3”) primerleri ile hazir kullanimlik DreamTaq DNA
Polimeraz (Thermo Fischer, ABD) enzimi kullanilarak
Ureticinin protokoliine goére PCR cihazinda amplifi-
kasyona tabii tutulmustur. Termal profil 95 °C’de 4 dk;
40 siklus, denaturasyon:95 °C’'de 1 dk, baglanma: 50
°C’de 30 sn, uzama: 72 °C’de 1dk; final uzama: 72 °
Cde 10 dk olacak sekilde programlanmistir. Elde
edilen PCR durlnleri %1,5’luk agaroz jelde elektrofo-
reze tabii tutulduktan sonra Gene Snap from Synge-
ne analiz programi (UVP INC Uplant, CA) ile gorintu-
lenip analiz edilmigtir.

Sekans ve filogenetik analizler

Orneklerin PCR analizleri sonrasi COX1 amplikonlari
sekans analizleri igin jel purifiye (Thermo GeneJET
PCR Purification Kit) edilmistir. Sekans analizleri
PCR analizlerinde kullanilan forward ve reverse pri-
mer dizileri ile ¢ift yonli olarak gergeklestiriimistir
(Macrogen Europe). Cift yonli DNA dizisi belirlenen
izolatlara ait kromotogramlar Geneious prime yazili-
minda De Novo Assamble ile islenmis ve kalite skoru
yuksek olan final konsensus dizilimler belirlenmigtir.
Elde edilen sekanslarin Geneious Prime yazilimi
Uzerinden BLASTn (http://blast.ncbi.nim.nih.gov/
Blast.cgi) algoritmasi kullanilarak GenBank’ta mevcut
referans ve ayni ya da yakin taksonlardaki izolatlara
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ait ilgili gen bdlgesi sekanslariyla ¢oklu hizalamalari
yapilarak molekuler karakterizasyonlari saglanmis ve
akabinde GenBank kayitlari gergeklestirilmistir. izo-
latlarin haplotip analizleri DNAsp (Librado ve Rozas,
2009) yaziliminda arastiriimistir. Elde edilen izolatlar
ile filogenetik analizlere dahil edilen izolatlar arasin-
daki genetik farkliliklar Kimura two-parameter (K2P)
uzakhk modeli (Kimura, 1980) kullanilarak MEGA 7
yaziliminda (Kumar ve ark., 2016) gerceklestirilmigtir.
Filogenetik aga¢c Maximum Likelihood (ML) analizi ile
olusturulmustur. ML analizlerinde sekans evrimi igin
en uygun substitution modelinin belirlenmesinde jMo-
delTest v.0.1.1 (Kimura, 1980) kullaniimis ve en du-
stk AIC (Akaike Information, Criterion, correction)
degerine sahip belilenen model filogenetik adacin
olusturulmasinda kullaniimigtir. ML analizleri Genei-
ous Prime yazilimi Uzerinden PhyML (Guindon ve
Gascuel, 2003) plugin kullanilarak gerceklestirilmistir.
ML analiziyle olusturulan agacin guvenilirliginin tespit
edilmesinde 1000 tekrarli Bootstrap testi kullaniimig-
tir.

Bulgular
Parazitolojik teshis

Nekropsi incelemesi yapilan yaban domuzunun akci-
ger bronglarindan toplam 176 adet nematod toplan-
migtir. ilgili nematodlarin mikroskobik incelemesinde
tamaminin M. pudendotectus’'un morfolojik karakter-
lerini gOsterdigi tespit edilmis olup 98 parazit disi ve
78 parazit ise erkek M. pudendotectus olarak teshis
edilmigtir (Sekil 1).

Sekil 1. Fibrotik lezyon alanlar ve nodiilli yaban domuzu
akcigeri (A), bronslardaki nematodlar (B), Bu c¢alismada
identifiye edilen Metastrongylus pudendotectus'un kaudal
ucunun morfolojik 6zellikleri (C: erkek; D: disi).

Mibeccel ATELGE

COX1 gen bélgesi sekans ve filogenetik analiz
sonuglari

Morfolojik teshis sonrasi bes disi ve bes erkek olmak
Uzere toplam 10 M. pudendotectus érneginden gDNA
izolasyonu yapillmig ve yeni tasarlanan primerlerle
PCR analizleri sonucu hedef buyuklikte (711bp)
DNA bantlari agaroz jel lGzerinde belirlenmistir (Sekil
2).

Sekil 2. Metastrongylus pudendotectus’a ait izolatlarin mt-
COX1 gen bdlgesini amplifiye eden primer ile PCR sonucu
elde edilen amplikonlarin jel elektroforezde gérinimi M:
Marker (100bp).

izolatlara ait amplikonlar jelden saflagtirildiktan sonra
sekans analizlerine tabii tutulmus ve tim izolatlar igin
kalite skoru ylksek (q>20) final sekanslar elde edil-
migtir. Sekanslarin BLASTn analizleri morfolojik iden-
tifikasyon sonuglarini  dogrulayarak izolatlarin M.
pudendotectus’a ait olduklarini géstermistir. izolatla-
rin hizalama ve haplotip analizlerinde 708 (%99.6)
identik bdlge belirlenirken iki farkli haplotipi
(TRMpds1: 6 izolat; TRMpds2: 4 izolat) ortaya koyan
ic polimorfik bdlge saptanmistir. ilgili haplotipler
OM661192 (TRMpds1) ve OM661193 (TRMpds2)
erisim kodlariyla GenBank veri tabanina kaydedilmis-
tir. Belirlenen haplotiplere ait izolatlar arasinda intras-
pesifik nukleotid farklihgi ortalama %0.4 saptanmistir.

Molekdler olarak karakterize edilen M. pudendotectus
haplotiplerine ait izolatlarin Dunyada gesitli bdlgeler-
den bildirilen Metastrongylus ve yakin taksonlardaki
nematodlara ait izolatlarla genetik iliskileri filogenetik
agac Uzerinde (Sekil 3) gosterilmistir. Maximum Like-
lihood (ML) filogenisine gore olusturulan filogenetik
¢OzUnUrlUk tir gruplari bazinda yiksek bootstrap
oranlari ile desteklenmistir. Calismada karakterize
edilen haplotiplere ait izolatlarin diinyanin farkh Glke-
lerinden bildirilen M. pudendotectus izolatlariyla birlik-
te monofiletik kime olusturdugu ve Fransa ve Eston-
ya'’da yaban domuzlarindan izole edilen izolatlarla
genetik olarak yakin olduklari (%99.3-99.7) tespit
edilmigstir (Sekil 3). Filogenetik analiz sonuglari ayrica
M. pudendotectus’'un M. salmi ve M. apri ile sirasiyla
%10.8 ve %12.5 genetik farkhlik gosterdigini ve akci-
ger kil kurtlari olarak birlikte kime olusturduklarini
gOstermistir. Calismada karakterize edilen M. puden-
dotectus izolatlari ayrica Dictyocaulus viviparus, D.
eckerti ve Syngamus trachea referans sekanslari ile
sirasiyla %14.9, %15.0 ve %15.8 genetik farklilik
gostererek filogenetik agacta farkh topolojik yerlesim
gostermistir (Sekil 3).
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MT338557, Metastrongylus pudendotectus , Fransa
053] WT338558 , Metsronayus pudendotecus ,Fransa
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091l NC_013813, Metastrongylus pudendotectus, Estonya
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MF706166 , Metastrongylus salmi, Gin
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1
L NC_013821, Syngamus trachea, Avustralya
NC_010690 - COX1 CDS , Toxocara canis , Gin

0.07

Sekil 3. Metastrongylus ve yakin taksonlardaki nematodlara
ait izolatlara ait COX1 barkod gen bdélgesi ML analizine gére
filogenetik iligkileri. Node’larin éniindeki rakamlar ML bootst-
rap destegini gostermektedir. Dis grup olarak T. canis izolati
(NC_010690) kullaniimigtir. Olgek gizgisi yerlesim yeri bagi-
na nukleotid degisimini gostermektedir.

Tartisma ve Sonug

Dunyanin farkl bolgelerinde yaban domuzlari tzerin-
de yuratilen arastirmalarda akciger kil kurtlarinin
prevalansinin yiksek oldugu gorulmektedir. Metast-
rongylus spp. enfeksiyonlarinin yayginhgi isvigre'de
%77.4 (Spieler ve Schnyder, 2021), Alimanya’'da %
93.5 (Barutzki ve ark., 1990), italyada %96.5
(Poglayen ve ark., 2016) ve Fransa'da %92 (Humbert
ve Henry, 1989) olarak rapor edilmistir. Diger yandan
Romanya, Bulgaristan ve Portekiz gibi ulkelerde en-
feksiyonun yayiligi %2.1-42.2 arasinda olmak Uzere
daha disik rapor edilmistir (de Sousa ve ark., 2004;
Panayotova-Pencheva ve Dakova, 2018; Darabus ve
ark., 2019). Yaban domuzlarindaki akciger kil kurtlari-
nin prevalans oranlarindaki farkhliklarin domuz yo-
gunlugunu etkileyebilecek cografik faktorlerle iligkili
olabilecegi ve domuz popilasyonundaki artigin da
uygun yer solucani ara konaklarin varliginda Metast-
rongylosisin enfeksiyonlarinin yayginhgini artirabile-
cegi bildiriimistir (Spieler ve Schnyder, 2021). Turki-
ye'de yaban domuzlarinda Metastrongylus enfeksi-
yonlarinin yayihgl Uzerine mevcut tek calismada
(Senlik ve ark., 2011), yukaridaki arastirmalara para-
lel olarak Bursa yodresinde %52-59 arasinda preva-
lans bildiriimistir. Calismamizda avcilar tarafindan
avlanarak Kastamonu Universitesi Veteriner Fakiilte-
sine getirilen bir yaban domuzunun incelenmesinde
akciger bronglarinda serbest veya nodiller igerisinde
¢ok sayida kil kurduna rastlanmistir. Her ne kadar
prevalans calismasi olmasa da yukaridaki calisma
sonuglari 1siginda elde edilen veriler akciger kil kurdu
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enfeksiyonlarinin Kastamonu ydresindeki domuzlarda
da yaygin olabilecegdini gdstermistir.

Yukaridaki arastirmalarda yaban domuzlarinda M.
apri, M. salmi ve M. pudendotectus prevalans oranla-
ri genel olarak birbirine yakin bulunmustur. Calisma-
mizda incelenen 6rneklerin M. pudendotectus oldugu
morfolojik ve sekans analizleriyle ortaya ¢ikariimistir.
Metastrongylus enfeksiyonlarina yol agan tirlerin
Kastamonu ydéresindeki yaban domuzlarindaki dagili-
mi noktasinda daha fazla sayida 6rneklem Uzerinde
arastirmalara ihtiyag bulunmaktadir. Enfekte yaban
domuzlarinda parazit yikinin incelendigi arastirma-
larda akciger basina 196-633 parazit sayisi bildiril-
mistir (Fernandez-de-Mera ve ark., 2003; Spieler ve
Schnyder, 2021). Arastirmamizda enfekte yaban
domuzu akcigerinde toplam 176 adet parazit saptan-
mis olup elde edilen bu sonug arastiricilarin (Spieler
ve Schnyder, 2021) bulgulariyla paralel seyretmistir.
Spieler ve Schnyder (2021), yiiksek hayvan yogunlu-
gunun yaban domuzlarindaki parazit yikunin fazla
olmasiyla iligkili oldugunu vurgulamistir. Ayrica di-
zenli gida kaynaklarinin bulundugu ortamlarin ara
konak vyer solucanlarinin da varhginda Metast-
rongylus spp. sUperenfeksiyon riskini artirdigi kayde-
dilmistir (Humbert ve Henry, 1989).

Domuzlarda akciger kil kurtlarinin teshisi ile ilgili ola-
rak cesitli gen bdlgelerini hedefleyen molekiler yon-
temlerle morfololojik 6zeliklerin dogrulamasi igin sinir-
Il arastirmalar yurutilmustir (Leignel ve ark., 1997,
Conole ve ark., 1999; Li ve ark., 2016). Li ve ark.
(2016), COX1 gen bdlgesinin yaklasik 450 bp bdlge-
sini cogaltan primerlerle domuzlarda akciger kil kurt-
larinin genetik analizlerini gerceklestirmiglerdir. An-
cak GenBank'taki referans mitokondrial genomlarin
(Sekil 3) analizi sonucunda ilgili primerlerin 6zellikle
3’ ucunda varyasyonlar gosterdigi ve dolayisiyla
amplifikasyon problemlerinin ortaya c¢ikabilecegi dik-
kati cekmistir. Bu yonlyle calismamizda referans
Metastrongylus mitokondiral genomlari Uzerinde
COX1 gen boélgesi analiz edilerek tirler arasinda
degdisken bdlgeleri iceren daha genis (711 bp) bir
bolgeyi ¢ogaltabilecek yeni primerler tasarlanmistir.
ilgili primerlerin yaban domuzunda belirlenen M.
pudendotectus orneklerine ait gDNA izolatlarinda
etkin olarak amplifikasyon sagladigi gorilmustir.
Ayrica PCR drlnlerinin sekans analiziyle de primerle-
rin 6zgunligu onaylanmistir. Tasarlanan primerlerin
domuzlarda Metastrongylus tirlerinin genetik karak-
terizasyon arastirmalarinda kullanilabilecegi disunul-
mektedir.

Domuzlarda akciger kil kurtlarinin mitokondrial DNA
tabaninda genetik karakterizasyonu ve filogenetik
iliskileri Uzerine sinirli sayida arastirma bulunmakta-
dir. Ayrica GenBank veri tabaninda da sinirli sayida
izolatin varligi gérilmektedir. Calismamizda filogene-
tik analizlere Fransa, Cin ve Vietham’'dan bildirilen
Metastrongylus turlerine ait izolatlarin parsiyel COX1
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sekanslari ile Estonya’da karakterize edilen M.
pudendotectus ve M. salmi mitokondrial genomlari
dahil edilmistir. Yapilan sekans analizlerinde aralarin-
da %0.4 genetik farklilik bulunan iki M. pudendotec-
tus haplotipi karakterize edilmistir. Her iki haplotipe
ait izolatlarin monofiletik kiime icerisinde Fransa,
Estonya ve Cin’den bildirilen M. pudendotectus izolat-
lariyla birlikte yerlesim gosterdigi ve Fransa ile Eston-
ya izolatlarina yuksek identik olduklari (%99,3-99,7)
gorilmustir. Cin’den rapor edilen M. pudendotectus
izolatlarinin ise Turkiye, Estonya ve Fransa izolatlari-
na %2.8 genetik farklilik gostererek monofiletik kiime
icerisinde ayri gruplanma gésterdigi dikkati cekmistir.
Bu sonug farkli cografik bolgelerde yayilis gosteren
M. pudendotectus nesillerinin genetik cesitlilige sahip
olduguna dair kanitlar ortaya koymustur. Filogenetik
analiz sonuglari ayrica M. pudendotectus, M. salmi
ve M. aprinin %10’un Uzerinde genetik farkllik gos-
terdigini ortaya ¢ikarmistir.

Sonug olarak; bu galisma ile Tirkiye’de yaban do-
muzlarinda enfeksiyona yol agan akciger kil kurdu M.
pudendotectus Uzerine ilk filogenetik karakterizasyon
verileri saglanmigtir. Turkiye’'nin farkli bolgelerindeki
yaban domuzlarinda Metastrongylus turlerinin genetik
cesitliligi Gzerine fazla sayida 6rneklem Uzerinde ileri
calismalara ihtiya¢g bulunmaktadir. Calisma ile elde
edilen ciktilar domuzlarda akcider kil kurdu enfeksi-
yonuna yol acan turlerin molekuler epidemiyolojisi
Uzerine mevcut olan sinirh bilgi birikimine katki sagla-
migtir.
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Gebe Bir Anadolu Yaban Kegisinde (Capra aegagrus aegagrus) Coenurus cerebralis Olgusu
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Oz: Bu olguyu, Kayseri ili, Yahyali ilgesi Aladaglar Yaban Hayati Gelistirme sahasi Arpalik mevkiinde bir goban tarafin-
dan bitkin halde bulunan bir Anadolu yaban kegisi olusturmustur. 7-8 yaslarinda ve disi yaban kegisi, Doga Koruma ve
Milli Parklar MGdUrlGgu yetkilileri araciigiyla Erciyes Universitesi Veteriner Fakiiltesi Egitim, Aragtirma ve Uygulama
Hastanesine getirildi. Ik klinik muayenede istahsizlik ve durgunluk diginda belirgin bir bulguya rastianmadi. Kalp, solu-
num, vicut Isisi ve hematolojik degerleri normal sinirlar iginde tespit edildi. Transabdominal ultrasonografi muayene-
sinde keginin yaklasik 4 aylik gebe oldugu, kalp atimi olan tek bir fotisu tasidigi belirlenmistir. Hastanede keginin 16
glin suresince bakimi, beslenmesi ve destekleyici tedavileri yapildi. Hospitalizasyon suresi igerisinde; durgunluk ve
istahsizlikla birlikte, merkezi sinir sistemi bulgularindan; kafay! duvara dayama, surekli ayakta durma, kafanin ventrof-
leksiyonu, cigneme yaparken bir siire duraksama, yirlrken hafif sendeleme, kismi her iki gdézde korlik, sol tarafa don-
me ve sol tarafa dogru basin dondurerek tutulmasi gibi belirtiler gorildi. Destekleyici tedavilere ragmen, son ¢ giin
yeme icme durdu, slrekli uyku halinde yatma, kafada belirgin diizeyde 6dem ve miikéz karakterde burun akintisini
takiben 6lim gercgeklesti. Nekropside, sag ve sol beyin hemisferlerinin tam ortasinda, sola biraz daha fazla oranda
kaymis, bol miktarda berrak sivisi olan tek bir kist kesesi iginde ¢ok sayida beyaz renkli skoleks gorilmustir. Hayati
organlarda herhangi bir patolojik bulgu gértilmemis olup, 4.5 aylik erkek 6li bir fétlis (annenin 6limine bagh) bulun-
mustur. Ureme sezonu disinda gebe kalan, C. cerebralis'in kronik formunun klinik ézelliklerini gdsteren ve yaban hayati
bolgesinde yasayan bir Anadolu yaban kegisinde Coenurosis vakasi ilk defa gorulmustar.

Anahtar kelimeler: Coenurus cerebralis, gebelik, yaban kegisi

A Case of Coenurus cerebralis in a Pregnant Anatolian Wild Goat (Capra aegagrus aegagrus)
Abstract: An Anatolian wild goat found exhausted by a shepherd in Arpalik locality of Aladaglar Wildlife Development
area in Yahyal district of Kayseri province was presented in this case. A 7-8 year-old female wild goat was brought to
the Faculty of Veterinary Medicine, Research and Application Hospital of Erciyes University by the officials of the Natu-
re Conservation and National Parks Directorate. In the first clinical examination, there was no apparent finding except
loss of appetite and stagnation. Heart, respiratory, body temperature and hematological values were within normal
limits. In the transabdominal ultrasonographic examination, it was determined that the goat was about 4 months preg-
nant and carried a single fetus with a heartbeat. The goat was cared for, fed and supportive treatments for 16 days in
the hospital. During the hospitalization period; central nervous system findings, with stagnation and anorexia; symp-
toms such as keeping the head against the wall, standing continuously, ventroflexion of the head, pausing for a while
during chewing, slight staggering while walking, partial blindness in both eyes, turning to the left side and holding the
head on the left side were observed. Despite supportive treatment, anorexia occurred during the last three days, death
occurred following continuous sleep, marked edema in the head, and a mucous nasal discharge. In the necropsy, mul-
tiple white scolices were seen in the middle of the right and left cerebral hemispheres, in a single cyst sac with abun-
dant clear fluid, slightly shifted to the left. No pathological finding was observed in vital organs, and a 4.5-month-old
male dead fetus (owing to the death of the mother) was found. Coenurosis was seen for the first time in a wild goat that
got pregnant outside the breeding season, showing clinical features of the chronic form of C. cerebralis and living in the
wildlife area.

Keywords: Coenurus cerebralis, pregnancy, wild goat

Girig nia multiceps’in larva formu olup, arakonak olarak

) ] . . kullandid! insan ve gesitli hayvanlarda hastaliga ne-
Coenurus cerebralis (C. Cerebralis), kopek, tilki, ¢a- den olan zoonoz karakterde bir parazittir. C. cerebra-
kal gibi karnivorlarin ince bagirsaginda yasayan Tae- lis koyun, kegi, sigir, manda, deve, geyik, at ve insan-

larda 6ncelikle beyin olmak (izere merkezi sinir siste-
mine yerlesirler. Son konagin diskisi ile disari ¢ikan
yumurtalari agiz yolu ile alan arakonaklarda onkos-
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ferler kan yolu ile merkezi sinir sistemine ulasmakta
ve orada yerlesmektedir (Doganay ve Vural, 2012).
C. cerebralis’in inkubasyon sureci uzun oldugundan
hastaliga 6zgu klinik belirtiler parazitin alinmasindan
yaklasik 3 ay sonra ortaya ¢ikmaktadir (Gul ve ark.,
2007). C. cerebralis’in merkezi sinir sisteminde yap-
mis oldudu tahribattan dolayl hayvanlarda belirgin
olarak kendi etrafinda dénme, dis gicirdatmasi, inko-
ordinasyon ve tortikollis gibi sinirsel belirtilerin yani
sira, beyinde atrofi, kafatasi kemiginde yumusama ve
incelmeler ortaya c¢ikmaktadir (Gogoi ve Lahon,
1991; Bussell ve ark., 1997; Akkaya ve Vurusaner,
1998; Karim, 1979; Guglu ve ark., 2006). Coenurus
kistleri, beyin ve omurilik dahil olmak Uzere sinir siste-
minde siklikla bulunur. Bununla birlikte 6zellikle kegi-
lerde, deri alti veya kas igi dokularda ve diger organ-
larda gortlmektedir. Kistlerin varliina bagl sinir lez-
yonlari, dogasi geregi oldukga farkli olan ve 6limcal
olabilen nérolojik belirtilere yol acar. Kaslardaki kist,
kas agrisina veya ilgili organlarin iglev bozukluguna
neden olabilmektedir (Sharma ve Chauhan, 2006).
Bu tir kas i¢i ve deri alti kist varlidi, farkli bir ajan
olan Taenia gaigeriden kaynaklanmaktadir ve bu
farkin ilgili konakg turline, yani kegi ttrtine bagh ol-
dugu gozlenmistir (Sharma ve Chauhan, 2006; So-
ulsby, 1982).

Coenurosis, kiigikbas hayvan yetistiriciliginde 6nemli
kayiplara neden olan ve insan sagligi i¢in ihmal edile-
meyecek kadar zoonotik riske sahip 6énemli bir para-
zitik hastaliktir (Sabbatani ve ark., 2004; Pau ve ark.,
1987). Ayrica Coenurosis literatirde 100'den fazla
insanda vaka olarak tanimlanmis bir zoonozdur
(Scala ve Varcasia, 2006). Enfeksiyon fekal-oral yolla
larvalarla enfekte olmus gida ve/veya su ile gergek-
lesmistir (Said ve ark., 2017; Scala ve ark., 2007).
insanlardaki ilk C. cerebralis vakasi 1913 yilinda tes-
pit edilmistir (Sabbatani ve ark., 2004). Turkiye'de ise
insanlarda etkenden suphelenilmesi disinda herhangi
bir resmi rapor bulanamamistir (Gicik ve ark., 2007).

Olgu

Calisma materyalini Kayseri ili, Yahyali ilgesi Aladag-
lar Yaban Hayati Geligtirme sahasi Arpalik mevkiinde
bir coban tarafindan bulunarak, Doga Koruma ve Milli
Parklar Mudurlagu yetkilileri araciligiyla Erciyes Uni-
versitesi Veteriner Faklltesi Egitim, Arastirma ve
Uygulama Hastanesine getirilen 7-8 yaslarinda olan
disi bir yaban kegisi olusturdu (Sekil 1).

Alinan anamnez bilgide ormanlik alanda bitkin halde
oldugu ve kolayca yakalandidi, gebe olmasindan
siiphelenildigi belirtildi. inspeksiyonda hayvanin dur-
gun fakat dis uyaranlara duyarh oldugu gézlendi.
Rektal vicut sicakliginin 39.5 °C, solunum sayisinin
40 inspirasyon/dk, nabiz sayisinin 80 atim/dk normal
sinirlar i¢cinde oldugu kaydedildi. Keginin yapilan tran-
sabdominal ultrasonografi muayenesinde 4 aylik ge-
be oldugu, kalp atimi olan tek bir fotlist tasidigi belir-
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et - F%

Sekil 1. Hospitalizasyon esnasinda kafasini sabit bir
objeye dayama ve durgunluk davranisi gésteren ya-
bani dag kecisinin gorseli.

lendi. Hastanede keginin 16 giin slresince bakimi,
beslenmesi ve destekleyici tedavileri yapildi. Hemato-
loji, biyokimya ve idrar analizi sonuglarina ait bulgular
siraslyla Tablo 1 ve Tablo 2’de verilmigtir. Hospitali-
zasyonun llk giinlerinde keginin istahsiz ve su alimi-
nin yetersiz oldugu gézlendi. Ayrica yemin ¢ignenme-
si sirasinda yemi agizda bekletme, bir siire duraksa-
ma, kafayl engellere dayama, sirekli ayakta durma,
kafanin ventrofleksiyonu ile yurtrken hafif sendeleme
gibi klinik bulgularin hospitalizasyon suresi igerisinde
siddetini ve suresini artirarak devam ettigi gézlendi.
ikinci haftanin basindan itibaren her iki gézde kismi
korlik, sol tarafa dénme ve sol tarafa dodru basin
dondurerek tutulmasi gibi belirtiler gézlendi. Ancak,
son ¢ giin yeme igcme durdu, sirekli uyku halinde
yatma, basta belirgin dizeyde 6dem ve miikoz karak-
terde burun akintisini takiben hospitalizasyonun 16.
glndnde 6lim gergeklesti.

Klinik bulgular C. cerebralis etkenini dogrulasa da
kesin tani nekropside beyindeki parazit kistlerinin
gorilmesi ile ortaya konulmaktadir (Sharma ve Chau-
han, 2006). C.cerebralis ile ilgili daha 6nceki birgok
calismada larvanin daha ¢ok serebral hemisferlere
yerleserek buralarda kist olugturdugu bildirilmigtir
(Uslu ve Gugllu, 2007). Kistlerin siklikla parieto-
occipital bélgede yogunlastiklari birgok arastirmaci
tarafindan ortaya konulmustur (Akkaya ve Vurusaner,
1998; Edwards ve Herbert, 1982). Uygulanan nek-
ropside, sag ve sol beyin hemisferlerinin tam ortasin-
da, sola biraz daha fazla oranda kaymis, bol miktarda
berrak sivisi olan tek bir kist kesesi icinde ¢ok sayida
beyaz renkli skoleks gortlmustir (Sekil 2). Ayrica 4,5
aylik erkek bir fétus tespit edilmistir (Sekil 3).
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Tablo 1. Keginin 1. ve 15. glinlerdeki hematolojik ve serum biyokimyasal kan deg@erleri
Parametreler 1. Gin 15. Gln
WBC 9.5x 10°/L 8.5 x 10°%/L
LYMPH 2.0 x 10%L 3.4 x 10%L
MONO 0.6 x 10%/L 0.5 x 10%/L
GRAN 6.9 x 10°/L 4.6 x 10%L
LYMPH% %21.3 %40.3
MON% %5.7 %5.3
GRAN% %73 %54.4
RBC 15.53 x 10'%/L 14.81 x 10'4/L
HGB 11.9 g/dl 11.5 g/dl
HCT %33.4 %30.8
MCV 21.5fL 20.8 fL
MCH 7.7 pg 7.7 pg
MCHC 95.8 g/d| 37.3 g/d|
RDW% %24.1 %25.1
RDW 13.9 1L 13.5fL
KLOR 115.6 mmol/L 113 mmol/L
POTASYUM 4.18 mmol/L -
URE 14 mg/d| 4 mg/dl
GGT 33 U/L 34 U/L
GLiKOZ 162.74 mg/dl 63 mg/dl
KREATININ 0.93 mg/d| 1.19 mg/dl
KALSIYUM 9.8 mg/dl 7.6 mg/d|
ALT 47.5 U/L -
AST 335.2 U/L 927 U/L
ALP 39 U/L 37 U/L
ALBUMIN 3.13 g/dl 2.6 g/dl
TOTAL PROTEIN 6.0 g/dI 1.5 g/dl
FOSFOR 4.1 mg/dl 5.7 mg/dl
MAGNEZYUM 2.8 mg/dl 2.9 mg/dl

Tablo 2. Keginin 1. guin dipstick idrar analizi sonuglar

Parametreler Sonuglar
KAN Negatif
BILIRUBIN Negatif
UROBILINOJEN Negatif
KETON Negatif
PROTEIN (+) 10 mg/dl
NITRIT Negatif
GLIKOZ Negatif
pH 8.5
LOKOSIT Negatif
1000

DANSITE

Sekil 2. Yabani dag kegisinin beyninde tespit edilen Coenu-
rus cerebralis kisti. A; Beynin sol hemisferine daha yakin
bulunan sivi dolu kist (yildiz), B; Kist igerisinde bulunan
skoleksler (ok).

Sekil 3. Erkek, 4.5 aylik 6lu fotus.
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Tartisma ve Sonug

Taenia multiceps’in neden oldugu Coenurosisin, 6zel-
likle kiicik ruminantlarda meydana getirdigi hastalik
Ulkemizde ciddi ekonomik kayiplara neden olmakta-
dir. Turkiye’de C. cerebralis’in yayginhginin daha
onceki gcalismalarda %1.3-36.8 (Akkaya ve Vurusa-
ner, 1998; Sharma ve Chauhan, 2006; Uslu ve Glg-
IG, 2007; Kalkan, 1978), diger Ulkelerde %2.88-9.8
(Abo-Shehada ve ark., 2002; Oryan ve ark., 1994;
Varma ve Malviya, 1989) oraninda oldugu belirtilmigs-
tir.

Enfekte koyunlarda, Coenurosis kistleri sag ve sol
serebral hemisferlerde (%88-96) ve daha az oranda
serebellumda (%4-12) bulunur (Abbas ve Elbeskawy,
2016; Haridy ve ark., 2013; Karakurt ve ark., 2019).
Bu calismada literatlirdeki verilerle uyumlu olarak, C.
cerebralis kisti sag ve sol beyin hemisferlerinin tam
ortasinda, sola biraz daha fazla oranda kaymis olarak
tespit edilmistir. Kistin gapi 5.1 cm ve Kist igerisinde
beyaz kimeler halinde ¢ok sayida skoleks daha 6n-
ceki calismalarla uyumlu olarak tespit edilmistir
(Sharma ve Chauhan, 2006; Sharma ve ark., 1998;
Nourani ve ark., 2009). Kegilerde Coenurosis kistleri-
nin karin boglugu (Sharma ve Chauhan, 2006; Shar-
ma ve ark., 1998; Nourani ve ark., 2009; Gharagoz-
lou ve ark., 2003), deri alti doku, iskelet kaslari, g6-
gus boslugu ve akciger parankimi (Nourani ve ark.,
2009; Gharagozlou ve ark., 2003) dahil olmak Uzere
merkezi sinir sistemi disindaki yerlerde de gelisebildi-
gi cesitli akademik calismalarla belirlenmistir. Bu tir
kas ici ve deri alti kist varligi, farkh bir ajan olan Tae-
nia gaigeri'den kaynaklanmaktadir ve bu farkin ilgili
konakg! tiriine, yani kegi turiine bagh oldugu tespit
edilmistir (Soulsby, 1982; Sharma ve ark., 1998). Bu
calismada yapilan nekropsi uygulamasinda Coenuro-
sis Kkisti serebral hemisfer disinda diger akademik
calismalarda belirtilen doku ve organlarda rastlanma-
migtir.

Son konagin diskisi ile atilan larvalarin ara konak
tarafindan agiz yolu ile alinmasi sonucu hastalik be-
lirtileri ortaya cikmaktadir. Parazitin ara konaklara
bulagsmasinda mera ve ¢oban kdpekleri dnemli bir yer
tutmaktadir (Sharma ve Chauhan, 2006; Gil ve Ke-
les, 2012; Herbert ve Edwards, 1984; Yiimaz ve ark.,
2014). Kegilerde Coenurosis prevalansinin koyunlar-
dan daha az olmasinin nedeni otlatma sirasinda kegi-
lerin genellikle ¢ali ve agac¢ dallarindaki yapraklari
yemelerine bagli olarak koyunlara kiyasla toprakla
daha az temasinin bulunmasi oldugunu disinilmek-
tedir (Dezfouli ve ark., 2019; Javadi ve ark., 2010).
Koyun ve kegi yetistiriciliginin yaygin oldugu bolgeler-
de hastalidin yogun olarak bulunmasinin baglica se-
bebi olan c¢oban koépeklerine diizenli antiparaziter
uygulamalarin yapilmasi gerekmektedir. Hastaligin
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yayllmasinin 6niine gegcilebilmesi igin son konak ve
ara konakta koruyucu 6nlemlerin alinmasi ve hayvan
sahiplerinin Coenurosis ve benzer hastaliklar hakkin-
da bilgilendiriimesi 6nemlidir.

Sonug olarak, yaban kegileri evcil hayvanlarin otlakla-
rindan genellikler uzaklarda ve parazitle temasinin
daha az olma ihtimali olan bélgelerde beslendiklerin-
den bu hastalik ile karsilagsma ihtimalleri daha dusik-
tur. Buna ragmen, sunulan bu g¢alisma ile yaban ha-
yatin otlaklarinin da enfekte kdpekler ve yabani kar-
nivorlar tarafindan kontamine edilebilecegi 6ngoril-
mustir. Bu nedenle, hastaligin yayilmasinda énemli
yeri olan kdpeklerin, hastalik etkenlerine karsi diizen-
li, siirekli ve yeterli diizeyde ilaglanmalari, sadece
evcil hayvanlarin korunmalari i¢in degil, ayni zaman-
da yaban hayatin korunmasi i¢in de gerekli oldugu bu
sunu ile ortaya konmusgtur. Bunun disinda, bulasma-
da az da olsa etkisi olan yabani karnivorlara karsi da
tipki kuduz asilar gibi antiparaziter micadelelerinin
de yapilmasi, hastaliktan korunma agisinda énem arz
ettigi kanaatine variimistir.
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Oz: Beslenme, canliigin saglanmasi ve saglikli bir sekilde siirdiiriilebilmesi igin gerekli olan besin maddelerinin yeterli
ve dengeli bir sekilde viicuda alinmasidir. ilk uzay ugusunun yapildidi tarihten itibaren uzay yiyeceklerinin gelisimi de-
vam etmektedir. Uzay aracinin yasanabilirligindeki ilerlemeler, uzay yiyeceklerinin kalitesindeki gelismelere de izin
vermistir. Uzay araglarindaki gorev sireleri uzadikga daha iyi beslenme ihtiyaci, daha fazla gesitlilik, daha kolay tuketi-
lebilen yiyecekler de daha énemli hale gelmistir. Bu derlemede uzay yiyeceklerin gelisim sireci, uzayda tiiketilen temel
yiyecek maddeleri ve bazi Ulkelerin uzay ajanslarinin astronotlarina sunduklari mentlerle alakal bilgilerle beraber gele-
cekteki uzay yolculuklari igin kullanilabilecek fikirler verilmistir.

Anahtar kelimeler: Beslenme, gida muhafazasi, uzay, yiyecek

Food and Food Preservation in Space
Abstract: Nutrition is the intake of the nutrients that are essential to provide and maintain life in a balanced and suffi-
cient way. The development of space food has continued since the first spaceflight. Advances in spacecraft's viability
have also allowed the development in the quality of space food. As the space mission extended, the need for better
nutrition, more variety, and more easily consumable food has become more important. In this review, the development
process of space food, the fundamental nutrients consumed in space, information about the menus offered by some
countries’ space agency to their astronauts as well as ideas that can be used in future space travels have been given.

Keywords: Food, food preservation, nutrition, space
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Besinler, organizmanin yapisinin ve organizmadaki
fonksiyonlarin devamliliginin saglanmasi amaciyla
gereklidir. Cevresel degisiklikler de besinlerin meta-
bolizmasi ve gereksinimleri agisindan 6nemli etkilere
sahiptir (Herr ve ark., 2015). Bu nedenle beslenme,
uzay uguslari gibi dedisik gevre sartlarinda, gunlik
ritim, sinir sistemi, kardiyovaskuler sistem, hematoloji,
gastrointestinal sistem, iskelet kas fizyolojisi ve im-
munoloji calismalari ile yakindan iligkilidir (Enrico,
2016).

Uzay ortami; mikro yercekimi, agirliksiz olma, hava
icerigindeki ve basincindaki degisimler, radyasyon ve
buna bagh olarak gelisen oksidatif hasar gibi etkiler-
den dolayi kendine has zorluklara sahiptir. Yeterli ve
dengeli beslenme, bu tip ortamlarda astronotlarin
ortama adapte olmalarini saglayip, gérevlerini layikiy-
la yerine getirebilmeleri agisindan elzemdir. Ogiin
zamanlari, astronotlar arasinda fizyolojik etkilesim
saglamakta ve besin maddelerinin potansiyel etkileri-
ni artirarak uzay yolculuklarinin insan bedeni Uzerin-
deki negatif etkilerini azaltmaktadir. Ayrica astronotlar
uzay yolculuklarinin ilk ginlerinde, uzay aracindaki
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oryantasyon uyumsuzluklari, gorsel farklliklar ve
degdisen ortam sartlarindan 6ttrd mide bulantisi, kus-
ma ve istahta azalma yasayabilirler. Bu durum sonra-
ki 2-3 gln icinde duzelir. Ancak astronotlara sunulan
gida maddelerinin yetersiz oldugu durumlarda, bu
etki devam edecektir ve uzay gorevi sekteye ugraya-
caktir (Kunz ve ark., 2017). Bu derlemede ge¢misten
glinimize kadar gergeklesen uzay uguslarinda tek-
nolojik gelismeler ile birlikte kullanilan yiyeceklerin
gelisim surecleri hakkinda bilgi verilerek literatire
katki saglanmasi amaglanmaktadir.

Uzayda Kullanilan Yiyecek Tipleri

Uzaydaki yiyecek cesitlerini termostabilize edilmig
yiyecekler, rehidre olabilen yiyecekler, orta nemli
yiyecekler, dogal formdaki yiyecekler, isina maruz
kalmis yiyecekler, dondurulmus yiyecekler, taze yiye-
cekler ve sogutulmus yiyecekler olmak lzere sekiz
kategoride incelenmek miumkindir (Casaburri ve
Gardner, 1999).

Termostabilize edilmis yiyecekler: Uretim agama-
larinda i1sil islem géren ve bu nedenle ortam sicaklik-
larinda depolanabilen yiyeceklerdir. Konserve Urtnler
ve plastik kaplarda paketlenen tatlilardan olusan bu
yiyeceklercekme aparatlariyla kolayca acilabilmekte-
dir fakat depolanirken fazla yer kaplamalari dezavan-
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tajli sayilmalarina neden olmaktadir.

Rehidre olabilen yiyecekler: Suyun rehidre olabilen
gidalardan c¢ikariimasi olarak tanimlanan dehidras-
yon sureci, dondurarak kurutma yontemi olarak da
bilinmektedir. Tuketimleri sirasinda su ilavesiyle eski
formlarina dénen rehidre yiyecekler, konserve urinle-
re gore yaklagik dort kat daha az yer kaplamaktadir.

Orta nemli yiyecekler: Gidalardaki yumusak dokuyu
korumak icin yeterli miktarda su kalacak sekilde Grin-
den bir miktar su cekilmesidir. Kurutulmus seftali,
armut, kayisi, kurutulmus et drnek olarak verilebilen
orta nemli yiyecekler herhangi bir hazirlik yapiimaksi-
zin tuketilebilmektedir.

Dogal formdaki yiyecekler: Kabuklu yemisler, kuru
meyve ve tahil karigimlari, kurabiye ve biskuviler gibi
esnek torbalar iginde ambalajlanan bu yiyecekler
tiketime hazir gidalar igerisinde yer almaktadir ve
uzay ortaminda dogal formdaki yiyeceklere drnektir.

Isina maruz kalmis yiyecekler: Pisirildikten sonra
esnek folyo torbalar igerisinde paketlenen ve iyonize
edici radyasyon ile sterilize edilen bu yiyecekler or-
tam sicakhiginda saklanabilmektedir. Biftek ve tutsu-
lenmis hindi gibi Grtnler 1sina maruz kalmis yiyecek-
lere érnek olarak verilebilmektedir.

Dondurulmus yiyecekler: Sebzeli tart, gliveg, tavuk-
lu borek gibi yiyecekler bliylik buz kristallerinin olus-
masini 6nlemek amaciyla hizla dondurulmaktadir.
Dondurma yontemi ile yiyeceklerin kendine has doku-
su ve tazelikleri korunmaktadir.
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Taze yiyecekler: Elma, muz gibi taze formdaki yiye-
cekler herhangi bir islem gérmemekte ve yapay ola-
rak korunmamaktadir.

Sogutulmus yiyecekler: Bu yiyeceklerin bozulmasi-
ni 6nlemek igin uzay aracinda buzdolabi veya dondu-
rucunun bulunmasi gerekmektedir. Bu yiyeceklere
krem peynir ve eksi krema 6rnek olarak verilebilmek-
tedir.

insanoglunun Uzay Seriiveni

Rusya tarafindan Sputnik isimli ilk yapay uydunun
1957 yihinda Dinya yoringesine yerlestiriimesiyle
birlikte, insanoglu uzayda kesifler yapmaya baslamis-
tir (Bal, 2014). Uzay ugusu teknolojilerinde 1960’larin
basindan beri 6nemli ilerlemeler kaydedilmistir. Uzay
arastirmalarindaki bu teknolojik gelismeler, uzayda
kalinan surenin dakikalardan yillara kadar uzamasina
olanak saglamistir (Ozgivici, 2013).

Yuri Gagarin’in 1961 yilindaki 108 dakikalk uzay
ucusundan beri uzayda yemek yenilmektedir. Bu
yillardan itibaren Rusya ve Amerika, hizli hazirlanip
kolay tuketilebilen ve daha az atik kullanilarak amba-
lajlanan guvenli gidalan gelistirmeye c¢alismislardir.
Sogutma imkaninin kisith oldugu uzay aracindaki
codu gida, ortam sicakliginda uzun sire muhafaza
edilmek icin Uretiimektedir. Bu gidalar ¢ogunlukla
rehidre olabilen veya termostabilize olarak hazirlanan
urtinlerdir. Meyveler gibi taze formdaki yiyecekler ise
bozulma riskine karsi ¢ok kisa sireli saklanmakta ve

Tablo 1. Uzay programlarinin kronolojik olarak 6zeti (Lane, 2002)

Yillar Ugus programi Program basarisi
1961-1963 Vostok Uzaya ¢ikan ilk insan (Gagarin), 12 Nisan 1961,108 dk.
1961-1963 Mercury Kismen Diinya yoriingeli ugus yapan ilk Amerikali astronot (Shepard),
5 Mayis 1961, 15 dk 28sn
Dunya y6ringesindeki ilk Amerikali astronot (Glenn),
20 Subat 1962, 4 sa 55 dk 23 sn
1964-1965 Voskhod Uzayda yagsama dair ilk aragtirmalar
1965-1966 Gemini Uzun sureli ilk uzay ugusu
Uzay ugusu boyunca uzay yasamina dair arastirmalar devam etmistir
1968-1972 Apollo Ay’in yizeyinde yapilan ilk galigsmalar
Ay ylizeyine ayak basan ilk insan (Armstrong)
Uzay yasamina dair ¢calismalar
1967-1985 Soyuz ve Salyut Uzay yasamina dair galismalar

Rus uzay istasyonu

Uzayda yapilan ilk metabolik denge ¢alismalari
Uluslararasi ilk ortak uzay test projesi

Uluslararasi ortak uzay programi (Amerika-Rusya)

1973 Skylab Uzayda kurulan ilk laboratuvar
1975 Apollo-Soyuz
Test Projesi

1981-2011 Space Shuttle Uydu ve mirettebat taginmasi

Uzay yasamina dair ¢alismalar
1986-2000 Mir Rus uzay istasyonu

Uzay yasamina dair ¢alismalar
1994-1998 Shuttle/Mir
1999-halen International

Space Station

Blinyesinde 16 (ilke mirettebatini barindiran uluslararasi uzay istasyo-
nu

61



Erciyes Univ Vet Fak Derg 2022; 19(1): 60-66

diyet listelerinde oncelikli yiyecek grubu olarak yer
almaktadir (Deveci ve Deveci, 2018).

Uzay vyiyecekleri, kolay sindirilebilir nitelikteki besin
maddelerinden hazirlandiklari igin mikrobiyal tGreme-
ye oldukga elverislidir. Astronotlari bu riskten koru-
mak amaciyla NASA (National Aeronautics and Spa-
ce Administration: ABD Ulusal Havacilik ve Uzay
idaresi) tarafindan HACCP (Hazard Analyses Critical
Control Points) kavrami Apollo uzay ugus calismala-
rinda geligtiriimistir. Amerikan Hava Kuvvetleri Uzay
Laboratuari ve NASA, Pillsbury Gida Firmasi Proje
Grubu'’yla, guvenli gida Uretimini amaglayan bir proje-
de birlikte ¢alismis ve HACCP sisteminin temelleri
atilmistir. Bu sistemde Uretim sureclerinde surekli
izleme ve denetim gerekmektedir. Sonraki yillarda
Pillsbury Sirketi, HACCP sistemini daha da gelistirmis
ve 1971 yilinda bir Gida Kongresinde duyurmustur
(Karaali, 2003; Herr ve ark., 2015).

Asagida gegmisten gliniimiize bazi uzay ugus prog-
ramlari ve bu uguslardaki gidalarin gelisim seriveni
verilmistir.

Mercury (1961-1963)

Amerika Birlesik Devletleri’'nin uzaya insan génderdigi
ilk uzay projesidir (Smith ve ark., 2012). Projedeki
uzay ucuslarinin siresi kisa oldugu igin astronotlar
ucus Oncesinde ihtiyaclari olan gida maddelerini ti-
ketmiglerdir. Astronotlar uzay ortaminda kati gida
maddeleri yutma, c¢igneme ve igecekleri igme gibi
testler yaparak uzay yiyeceklerinin gelismesine katki-
da bulunmuslardir. Bu astronotlar tek isirikta yenilebi-
len, dondurularak kurutulmug ve aliminyum tiplerin
icindeki yari sivi yiyeceklerin nasil daha kolay tiketi-
lebilecegine dair yontemleri kesfetmiglerdir
(Casaburri ve Gardner, 1999). Ayrica astronotlar bu
yiyeceklerin tadini lezzetsiz bulmuslar ve dondurula-
rak kurutulmus gidalar sulandirmak isterken bazi
problemler yasadiklarini belirtmiglerdir. Bundan dola-
yiI, kati gidalarin boyutlari basingla sikistinlp kugtl-
tilmus ve yenilebilir bir jelatin ile kaplanarak tek lok-
malik hale getirilmistir. BOylece, yiyecek kirintilarinin
yercekimsiz ortamda hareket ederek ekipmanlara
veya miurettebatin solunum vyollarina zarar verme
ihtimali en aza indiriimektedir. Vakumlu paketlerde
bireysel porsiyon halinde hazirlanan bu yiyecekler,
bozulmaya karsi maksimum koruma ve depolama
acisindan kolaylik saglamistir (Casaburri ve Gardner,
1999; NASA, 2021).

Gemini (1965-1966)

Gemini programi, Ay’a yaklasmak igcin NASA tarafin-
dan olusturulan uzay serlvenindeki ilk iki kisilik go-
revdir. Ed White tarafindan ilk uzay yuariylsi bu
program ile gergeklestiriimistir (Smith ve ark., 2012).
Boylelikle arac disl ilk etkinlik Amerikalilar tarafindan
basariyla tamamlanmistir. Ara¢ disi etkinlikle uzay
kiyafetlerinde énemli yeniliklerin temeli atilmistir. Ay-

Gonca TULUCE

rica daha onceki uguslara gére uzayda kalis suresi-
nin artmasiyla Gemini programi, uzayda beslenmenin
Oneminin vurgulandidi ilk program olmustur (Lane ve
Feeback, 2002). Gemini programinda yiyecek ve
iceceklerdeki cesitliligin artmasi ve yeni paketleme
yontemlerinin gelistiriimesiyle dnemli ilerlemeler kay-
dedilmistir. Genel olarak dondurularak kurutma tekni-
gi ile hazirlanan yiyecekler pisirildikten veya isleme
tabi tutulduktan sonra hizla dondurulmakta, daha
sonra kurutma tepsisine yerlestiriimekte ve ardindan
hava basincinin azaltildigi bir vakum haznesine ko-
nulmaktadir. Dondurarak kurutma ydnteminde suyu
alinan hafif yiyecekler, kiip seklinde kesilmekte ya da
dilimlenmis formda paketlenmektedir. Tatlari dogal
formlarina yakin olan bu yiyecekler ve igecekler, or-
tam sicakliginda depolanabilirken raf omirleri de
oldukga uzamaktadir (Casaburri ve Gardner, 1999).

Apollo (1968-1972)

Mercury ve Gemini uguslari menulerin hazirlanmasi,
gidalarin paketlenmesi ve bu gidalarin tiketimiyle
sonraki uzay uguslarindaki mendlerin gelistiriimesine
zemin hazirlamistir. Bu programdaki paketleme siste-
mi, Gemini programinda kullanilan paketleme siste-
mine benzemekle beraber yiyecek cesitliligi oldukca
fazladir (Perchonok ve Bourland, 2002). Ayrica bu
ugustaki astronotlarin uzay ortaminda sicak suya
sahip ilk kisiler olduklari ifade edilmektedir (Smith ve
ark., 2012). Rehidre olabilen yiyecekler plastik kapla-
ra veya paketlere konulmaktadir. Su puskirtme ta-
bancasiyla yemeden énce pakete su eklenmekte ve
ardindan paketteki plastik fermuar agilarak veya pa-
ket makasla kesilerek iginde bulunan yiyecek, kasik
yardimi ile tuketilmektedir. Baska bir paketleme yén-
temi olarak islak paket ya da termostabilize esnek
paketler karsimiza ¢cikmaktadir. Termostabilize paket-
ler, esnek formdaki plastik veya aliiminyum folyodan
olusan bir paket ya da konserve kutusu olabilmekte-
dir. Ancak termostabilize Uriinlerin rehidre olanlara
nazaran yaklasik dort kat daha fazla yer kapladigi
ifade edilmektedir (Casaburri ve Gardner, 1999).

Skylab (1973-1974)

Skylab birincil hedefi yagsam bilimleri olan ilk uzay
istasyonudur. Yergekiminin olmadidi uzay ortaminda
kardiyovaskuler sistem, egzersiz fizyolojisi, kas-
iskelet sistemi, hematoloji gibi konularda insan bede-
ninde meydana gelen fizyolojik degisiklikleri anlamak
amaciyla tasarlanmistir (Lane ve Feeback, 2002).
Skylab’ta uzun sureli uzay gorevlerinde insan fizyolo-
jisi hakkinda kayda deger veriler toplanmistir (Lane
ve Feeback, 2002; Kerwin ve Seddon, 2002; Percho-
nok ve Bourland, 2002). Ayrica NASA, uzay gorevleri
esnasinda beslenme ihtiyaclarinin anlasiimasinin
temelini olusturan en kapsamli uzayda beslenme veri
setini elde etmistir (Bourland ve ark., 1999). Skylab
uzay istasyonunda bulunan dondurucu, buzdolabi,
Isitma tepsileri ve masa sayesinde buradaki yemek
yeme deneyiminin diger uzay uguslarindan ayrildigi
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ve hatta ev ortamina benzedigi ifade edilmektedir
(Bourland ve ark., 1999; Smith ve ark., 2012; Lane ve
ark., 2013). Skylab’ta mevcut yiyecek kapasitesi yak-
lagik 112 gun boyunca ¢ astronota yetecek miktar-
dadir. Menuler astronotlarin yasi, vicut agirliklar ve
astronotlarin yapacaklari etkinliklere bagl olarak her
bir astronotun gunlik beslenme ihtiyacini karsilama-
ya yonelik tasarlanmigtir. Skylab’ta rehidre olabilen
icecekler icin akordeon gibi acilip katlanan 6zel kap-
lar kullaniimigtir. Dider yiyecekler ise farkli boyutlar-
daki teneke kutular veya rehidre olabilen kaplar kulla-
nilarak paketlenmistir. Murettebat yemek hazirlamak
istedigi zaman, yiyeceklerini 1sittiklari ve bu amagla
kullanilan ilk alet oldugu ifade edilen isitma tepsilerin-
den yararlanmaktadir (Casaburri ve Gardner, 1999).

Apollo-Soyuz Test Projesi (1975)

Amerika ve Rusya tarafindan gergeklestirilen ilk ortak
uzay test projesidir (Bourland ve ark, 1999; Smith ve
ark., 2009; Smith ve ark.,2012). Rus kozmonotlar
aliminyum tuplerde ve metal kutularda paketlenmis
yiyecek ve icecekleri tercih ederken; Amerikali astro-
notlar Apollo ve Skylab’taki Urlinlere benzer gidalari
tuketmeyi tercih etmislerdir. Bu projede mdurettebat
icin 6zel hazirlanmis diyet menuleri ve yiyecekleri
hazirlamak igin minik 1sitma Uniteleri mevcuttur
(Casaburri ve Gardner, 1999). Ayrica Amerikal astro-
notlar ve Rus kozmonotlar test projesinde yemeklerini
paylasmis ve birlikte gesitli deneyler gergeklestirmis-
lerdir. Bu nedenle Apollo-Soyuz test projesi, bu iki
ulusun uzayda yeniden birlikte calismalarina zemin
hazirladidi igin ayr bir 5neme sabhiptir (Smith ve ark.,
2012).

Space Shuttle (Uzay Mekigi) (1981-2011)

Space Shuttle programinda, dinyadakine benzer
yiyecek-icecek paketleme sistemi kullaniimis ve ce-
sitlilik artinlmigtir. Planlanan dizenli uguslar ve mu-
rettebata sunulan imkanlar, programin yeniliklerinde
onemli rol oynamistir. Bu sayede, Space Shuttle ast-
ronotlari kendilerine sunulan mentlerden istedikleri
yiyecekleri secebilmekte ve kendi diyet listelerini ha-
zirlayabilmektedirler. Kendi zevklerine goére hazirla-
diklari bu diyet listeleri uzman diyetisyenler tarafin-
dan kontrol edilmekte ve bdylece olasi aksaklilar 6n-
lenmektedir (Casaburri ve Gardner, 1999; Lane ve
ark, 2013). Space Shuttle programinda, dondurucu
ve buzdolabini destekleyecek gii¢ alt yapisi bulunma-
maktadir. Bu durum gida segiminde de uzun raf ém-
riine sahip rehidre ve konserve Uriinlere yonelmeye
neden olmustur (Smith ve ark., 2009). Murettebat
mekigin orta kisminda su dagitim cihazi ve firinin
bulundugu mutfak benzeri bir ortamda, yaklasik bes
dakikada tim yemek hazirlhidini tamamlayabilmekte-
dir. Firin yiyecekleri 1sitip uygun servis sicakhdinda
muhafaza ederken, su dagitim cihazi da rehidre gida-
larin yeniden yapilandirilmasi amaciyla kullaniimak-
tadir (Casaburri ve Gardner, 1999; Bourland ve ark.,
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1999; Perchonok ve Bourland, 2002; Smith ve ark.,
2012).

Shuttle-Mir Programi (1994-1998)

Bu program Rus Uzay Istasyonu Mir'e gergeklestirilen
ve sekiz yil boyunca devam eden 11 ugustan olus-
maktadir (Smith ve ark.,2012). Shuttle-Mir programi,
glnimuzdeki International Space Station menisunin
temelini olusturdugu icin de ayri bir dneme sahiptir.
Ciinkii Amerika ve Rus Uzay Istasyonu arasinda
imzalanan bir anlasmaya gore diyet listeleri esit mik-
tarlarda ulus yemeklerinden hazirlanmaktadir. Shuttle
-Mir programi, dider uzay uguslarina gore oldukca
uzun soluklu oldugu icin yiyecek segiminde de uzun
omdurlu yiyeceklerin énemi vurgulanmigtir. Isil islem
gOérmus yiyeceklerin rehidre Urtinlere gére ¢cok daha
uzun 6murli olduklan kesfedilmistir (Smith ve ark.,
2009). Ayni yiyecek ve icecek cesitlerine diyet listele-
rinde ¢ok sik yer verilmesi menu yorgunlugu olarak
adlandinlir (Rizaoglu ve Hanger, 2013). Bu program
kapsaminda da uzay ortaminda uzun sireli kalindigi
icin yiyecek ve icecek mendlerinin sik sik degistiril-
mesiyle ve yeni hazirlama tekniklerinin kullanimiyla
menl yorgunlugu giderilebilmektedir (Deveci ve De-
veci, 2018).

International Space Station (Uluslararasi Uzay
Istasyonu) (1999-halen)

International Space Station baslangigta blinyesinde
16 Ulkeyi barindiran, NASA ve diger llkelerin uzay
istasyonlarinin ortak galismalari sonucu yapimi 2011
yilinda tamamlanmis uluslararasi uzay istasyonudur
(Smith ve ark., 2012). Yiyecek ve igecekler Space
Shuttle’daki gibi tek tek paketlenmis dondurularak
kurutulmus, 1sil igslem gérmus, 1sina maruz kalmis,
dogal formlu ve orta nemli yiyeceklerden olusmakta-
dir. Uluslararasi Uzay Istasyonu’nun elektrik giicii,
yakit hicrelerinden ziyade, gunes panellerince sag-
landidi igin mendilerde rehidre olan gidalar yerine
termostabilize gidalara daha c¢ok vyer verilmistir
(Casaburri ve Gardner, 1999; Perchonok ve Bour-
land, 2002).

Uluslararasi Uzay Istasyonu miirettebati gesitli lke-
lerden gelen astronotlardan olugmakta ve bu durum
yiyecek-icecek cesitliligini de uluslararasi dizeyde
artirmaktadir. Yiyecek-igeceklerde Amerika Birlesik
Devletleri, Rusya, Kanada, Japonya gibi ulkelerin
mutfaklarindan 6rneklere yer verilmektedir (Smith ve
ark., 2012). Murettebattaki Japon astronotlar, Japon
Uzay Ajansr'nin sagladigl tavuk ve soya sosu gegnili
eriste, Japon usull yakisoba, korili piring, yuzu biberi
cesnili 1zgara tavuk, kurutulmus yosun, soya soslu
konserve ton baligi gibi gida gesitlerine ulasabilmek-
tedir (JAXA, 2021). Kanadal astronotlarin meniilerin-
de ise akgaagac¢ suruplu kurabiye, 6rdek riletleri, se-
kerlenmis ya da fimelenmis somon gibi yiyecekler
yer almaktadir (Canadian Space Agency, 2021).
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Astronot meniileri, giinde t¢ 6din yemek ve bir atis-
tirmaliktan olugsmaktadir. Bu menuler astronotlarin
uzayda kaldiklari stre boyunca yeterli ve dengeli
beslenmelerini saglamak icin tasarlanmistir. Uzman
diyetisyenler, astronotun durumuna bagh olarak tim
mendlerin gtinde 1900 ila 3200 kalori icermesini sag-
lamaya calismaktadir. Gunlik alinmasi gereken kalo-
ri miktari agirlik, cinsiyet ve astronotun 6zel ihtiyagla-
rina gore degismektedir (Canadian Space Agency,
2021).

Uzay Tasarim Fikirleri

Son zamanlarda, ticari uzay uguslarina diinya ¢apin-
da artan bir ilgi mevcuttur ve artan bu ilgi konuya
yonelik calismalarin sayisini da artirmisgtir. SpaceX,
Blue Origin ve Virgin Galastic gibi girisimler, uzay
turizmi Uzerine calismalar yuritmektedir ve astronot
olmayan insanlari uzaya géndermeyi amaglamakta-
dir. NASA, insanlari 2030’'larda Mars’a ve Mars’in
daha ilerisine géndermeyi hedeflemektedir (NASA,
2021).

Ay veya Mars’ta yasam kosullarinin saglanabilmesi
icin daha fazla calisma yapilmasi gerekmektedir.
Teknolojinin ilerlemesi ile bu ¢aligmalar da hiz kaza-
nacaktir. Teknoloji, diinya digi ortamlarda yiyecekle-
rin Uretimi, dagitimi ve hazirlama bigimlerine yonelik
nasil galismalar yapilacadina dair ¢ézimler Gretmek-
tedir (Obrist ve ark., 2018). Bu ¢éziimlere iliskin tasa-
rim fikirleri asagida ifade edilmigtir.

Baharat Bombasi Karisimi (Spice Bomb Mixing)

Baharat bombasi karigimi fikri, uzay deneyimini iyi-
lestirmek ve keyifli hale getirmek igin insanlarin ye-
mek yemeden énce uygun bir ruh haline getirildigi
"duygusal" bir kavramdan ilham almaktadir (Spence
ve ark., 2014). Yapilan calismalarda, astronotlarin
burunlarindaki tikaniklik nedeniyle uzayda lezzet
duyularinin azaldigi yoninde bulgular mevcuttur
(Olabi ve ark., 2002). Bu durum, yemek yeme deneyi-
minde dinyadakine nazaran bazi degisiklikler oldu-
gunu ortaya koymakta ve bu da astronotlarin mentle-
rine gesitli lezzet arttirici gesniler ve baharath soslari
ilave etmelerine neden olmaktadir (Kerwin ve Sed-
don, 2002). Baharat Bombasi Karisimi kavrami bu
zorlugu ele alir ve uzayda yemek yemenin duyusal
yonlerini gelistirmek igin astronotlara bir firsat sunar

Sekil 1. Baharat bombasi karigtirma cihazi (Obrist ve
ark., 2019).
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(Obrist ve ark., 2019).

Bu tasarnim fikri Sekil 1°deki gibi baharat bombasinin
karistirma bdlmesinin c¢alkalanarak mikro yercekimi
ortaminda yiyeceklerinkaristiriimasini ve tatlandiril-
masini saglamaktadir. Baharat bombasi lezzet algisi-
ni artirarak yiyeceklerin organoleptik yénind zengin-
lestirirken, yemek hazirlamayi eglenceli hale getire-
rek duygusal yonden olumlu etkilere neden olur
(Obrist ve ark., 2019).

Ug Boyutlu (3D) Yazicili Lezzet Seyahati

Bu tasarim fikrinde, uzayda bulunan Kisi; aile, arka-
das veya sef gibi insanlardan tarif isteyerek, diinyada
yedigi yiyeceklerin tat profilini tasarlayabilir ya da
siparis edebilir. Tarifler, fiziksel bir ugusla teslim edil-
mek yerine, bunu tasarlayacak olan yaziciya direkt
olarak goénderilmektedir. Tarifi alan yazici da arzu
edilen tatlar ve besin maddelerinin igeriklerini yeni-
den yapilandirabilmektedir. $ekil 2’'de, Dinya’daki ve
uzaydaki insanlari birbirine baglayan 3D yazicili lez-
zet seyahatinin kavramsal tasarimini gésterilmektedir
(Obrist ve ark., 2019).
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Sekil 2. 3D yazicil lezzet seyahatinin is akis semasi
(Obrist ve ark., 2019).

Bu tasarim konsepti fonksiyonel olarak birden fazla
besin maddesinin ve lezzetinin, hibrit bir yiyecek ba-
sim mekanizmasi ile 3 boyutlu olarak meydana geti-
rilmesini mimkdn kilmaktadir. Bu konsept uzaydaki
lezzetleri farkli algilamaktan kaynaklanan duyusal
durumlari da karsilayabilmektedir. Ug boyutlu yazici
sayesinde Dunya ile iletisimin mimkin olmasiyla
birlikte (Ay’a 1.3 sn, Mars’a 3-21 dk gecikme) yemek
hazirlamak sosyal ve kisisel olarak tatmin edici bir
deneyim haline gelebilmektedir (Obrist ve ark., 2019).

Diinya Hafiza Isiriklari (Earth Memory Bites)

Diinya Hafiza Isiriklari kavrami; gida ile ilgili farkh
bdlgeleri, kdltirleri veya belirli deneyimleri temsil
eden ve farkl tatlar iceren kigulk isiriklar tasarimidir
(Ahn ve ark., 2011). Ayni zamanda tanidik tatlar yo-
luyla uzaydaki insanlarin refahini artirmak igin 6nce-
den sisteme tanimlanmis tat segeneklerini de iger-
mektedir (bkz. Sekil 3' deki ornekler). Dinya hafiza
isiriklarinin her biri sisteme tanimlanmistir ve yemegi
farkli bir sekilde hissettirmeye yarayan belirli bir orta-
ma yerlestiriimistir (Salamon ve ark, 2018).
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Sekil 3.Simile edilmis bir yemek ortamindan sunuma
kadar yemeklerin ve 6zel tatlarin hazirlanmasi (Obrist
ve ark., 2019).

Bu tasarim konseptinde, belirli bir lezzet profili ve
¢oklu duyusal deneyim kombinasyonu birlikte yer
almaktadir ve arzu edilen siparis icin iki segenek
mevcuttur. Birincisi, istenen lezzeti ve yemek ortami-
ni birlikte siparis etmek; ikincisi, lezzeti siparis edip,
dnerilen bir yemek ortami ile siparisi almaktir. ikinci
segenek, sanal gerceklikte mikemmel bir yemek
ortami tasarlayan otomatik algoritma araciligiyla olus-
turulabilir. Farkh tatlar, 3 boyutlu baski tarifi olarak
hazirlanip ¢ok duyulu ortamla birlikte kisiye génderil-
mektedir. Basilan tatlarin her biri gercek gida madde-
si biciminde ve dokusunda olup tek lokma seklindedir
(6rnegin bir gilek lokmasi, bir muz lokmasi; bkz. Sekil
3). Dlnya’daki farkl ortamlarla tanidik yer ve mekan-
larin muzikleri, gérsel projeksiyonlari, ortam isiklari,
sicaklik ve nem ayarlamalari ile duyusal yonden glig-
I yemek senaryolari olugturulabilmektedir. Olusturu-
lan bu gicli yemek senaryolari, uzay gemisindeki
insanlarin sevdigi tatlari birbirleri ile paylasip sosyal-
lesmelerine imkéan tanirken; yasadiklari yerlere duyu-
lan 6zlem duygusu ile basa ¢ikmalarina da yardimci
olmaktadir (Obrist ve ark., 2019).

Sonug

Uzay uguslarina gdésterilen ilginin son zamanlarda
artmasi, kuresel anlamda yeni arayiglara neden ol-
mustur. NASA’nin gelecek hedeflerinden biri de
2030’lu yillarda insanlari Mars’a géndermektir. insan-
hgin ilk uzay galismalarina basladigi 1961 yilindan
gunumuze kadar gegen 60 yillik suregte birgok ilerle-
me kaydedilmistir. Hizla gelisen teknolojinin de bu
yoldaki ilerlemelere katkisi buyUktir. Mikro yergekimi-
nin etkileri; uzay gida paketlemesinin, gida segiminin
ve ilgili gida sistemi gereksinimlerinin gelisimi Uzerin-
de muazzam bir etkiye sahip olmustur. Yapilan aras-
tirmalar; uzay ortaminda hizli tiiketilebilen, atik olusu-
munu en aza indirmeye galisan ambalajlarda glvenli
ve besleyici gida Uretimi Uzerinde yogunlagmaktadir.
Glndmizde mendler astronotlarin gorisleri alinarak
hazirlanmaktadir ve bu mendtlerin besin degerleri
uzmanlar tarafindan kontrol edilmektedir. Gelecekte
de uzayda kalinan surenin artacagi 6ngorilmektedir.
Bu durum uzun raf émriine sahip yiyeceklerin daha
onemli hale gelmesine yol agmaktadir. Fakat konser-
ve gibi uzun raf édmurlG yiyecekler kapladiklari depo-
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lama alani ve agirliklari nedeniyle olumsuz etkiye
sahiptir. Bu olumsuz etkinin Ustesinden gelmek igin
uzay istasyonunda yetistiriimeye baslanan sebzeler
oldugu bilinmektedir. Son zamanlarda dinya ¢apinda
uzay alanina yoénelik artan ilgi ve merakla birlikte
uzay yasaminin gizemi ¢6zlilmeye devam etmektedir.
Her gegen gun daha fazla fikir sahibi oldugumuz uzay
yasami arastirmalari, teknolojik gelismelerin de katki-
si ile elde edilen bulgular sayesinde gelecege i1sik
tutacaktir.
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Abstract: In the recent years, proper animal welfare practices in dairy farming have become an urgent topic to investi-
gate in the animal sciences fields. Practices made in accordance with the five principles of freedom (hunger, thirst, well
-being etc.), which are important for animal welfare, will improve the levels of animal welfare and the level of product
(milk yield, fertility etc.) quality. There is a multitude of technologies to be selected to achieve proper animal welfare
practices. One of the most complex and newest technologies is nanotechnology. Nanotechnology is used in many
different fields such as nanomaterials, nano-bio system, nanomedicine, nanomineral, nanoimaging, nanoencapsula-
tion, nano lubricants, nanocoating, nano paint, nano insulation, etc. Since animal welfare practices in dairy cattle affect
yield, research have been carried out to improve animal welfare nowadays. But the limited information available on the
use of nanotechnology as an alternative approach to improve animal welfare has made this research necessary. The
purpose of this review is to shed light on further research in this area, and to better understand and select useable
nanotechnologies for dairy cattle to improve animal welfare.

Keywords: Animal welfare, dairy cattle, nanotechnology

Siit Sigirlarinda Hayvan Refahinin Artiriimasina Alternatif Bir Yaklagim Olarak "Nanoteknoloji"nin Kullanim
Olanaklarinin Arastiriimasi

Oz: Siit sigirciiginda dogru refah uygulamalari hayvan yetistiriciligi alani igin son yillarda galisilmasi gereken bir konu
haline gelmistir. Hayvan refahi igin énemli olan bes 6zgurlik ilkesine (aglik, susuzluk saglikli olma hali vb.) uygun
olarak yapilan uygulamalar, hayvan refahi ve trln (sit verimi, dol verimi vb.) kalite dlizeyini artiracaktir. Hayvan refahi
uygulamalarini gelistirebilecek pek ¢ok uygulama vardir. Bunlardan biri de karmasik ve yeni bir uygulama olan nano-
teknolojidir. Nanoteknoloji birgok farkli alanda kullaniimakta érneg@in, nanomalzemeler, nano-biyosistem, nanotip, na-
nomineral, nanogdruntileme, nanokapsulasyon, nano yaglayicilar, nanokaplama, nano boya, nano yaltim vd. Sit
sigirlarinda hayvan refahi uygulamalari verimi etkilediginden nanoteknolojinin hayvan refahini artirmada alternatif bir
yaklasim olarak kullaniimasi hakkinda sinirli bilgi olmasi arastirmayi gerekli kilmistir. Bu derlemenin amaci; hayvan
refahinin iyilestiriimesi ile ilgili olarak sit sigirlari icin kullanilabilir nanoteknolojilerin daha iyi anlasiimasi ve segilmesi
icin bu alanda yapilacak yeni aragtirmalara 1sik tutmaktir.
Anahtar kelimeler: Hayvan refahi, nanoteknoloji, siit sigirciligi
Introduction a length scale applicable to nanotechnology, usually
cited as 1-100 nano meters. In more technical terms,
the word “nano” means 10°°, or one billionth of some-
thing (Kirdar, 2015). So, nanotechnology is the study
of very small structures, having the size of 0.1 to 100
nm (Nikalje, 2015).

The term "nanotechnology" was invented at the Uni-
versity of Tokyo in 1971 by Professor Norio Taniguchi
(Rajak, 2018). The prefix "nano” is derived from the
Greek word “nanos”, signifying “dwarf’ (Ye et al.,
2012). Nanotechnology can be defined as the design,
synthesis, and application of materials and devices
whose size and shape have been engineered at the

There are three methods to synthesize nanomateri-
als. Top-down manufacturing, bottom-up manufactur-

nanoscale (Buzea et al., 2007). It exploits unique
chemical, physical, electrical, and mechanical proper-
ties that emerge when matter is structured at the na-
noscale (Buzea et al., 2007). The nanoscopic scale
(or nanoscale) usually refers to structures with

Gelis Tarihi/Submission Date :24.04.2021
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ing, and convergence of top-down and bottom-up
techniques (RSE, 2004). Firstly, top down manufac-
turing is begun with a pattern generated on a larger
scale, then reduced to nanoscale. This method have
some weakness there is by nature, aren’t cheap and
quick to manufacture also slow and not suitable for
large scale production (Anonym, 2021). Secondly,
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bottom-up method is start with atoms or molecules
and build up to nanostructures. But this method also
has weakness, there is for fabrication process much
less expensive (Anonym, 2021). Finally, convergence
of top-down and bottom-up techniques is a combina-
tion between top-down and bottom-up manufacturing
(RSE, 2004).

In recent years nanotechnology has been widely
used in the many fields since they attract increasing
investment from governments and industry around
the world (Dowling, 2004). Governments and organi-
zations around the world compete to commercialize
nanotechnologies and nanomaterials. Nanotechnolo-
gy stands to produce scientific and technological ad-
vances in diverse fields. For examples, nanotechnol-
ogy can be applied in the human health, medicine,
engineering, food, biosystem, electronics, imaging,
fiber, composites, cosmetics, coating, paint, agricul-
ture, and dairy cattle.

Properties of Nanotechnology

In practice, the physical, chemical, and biological
properties of a substance are determined by the as-
sociation of physicochemical phenomena that act on
the matter (Fesseha et al., 2020). Nanoparticles or
nanomaterials show some effects produced by their
active ingredients. There are quantum tunneling,
quantum phase transition, surface effect, quantum
size-effect confinement and nonlinear susceptibility
enhancements (Lue, 2007). Thus, the active ingredi-
ent of nanoparticles has provided and increased their
stability (King et al., 2018). Moreover, they stabilize
under high temperature and pressure (Stoimenov et
al., 2002).

There are many types of the nanoparticles. The most
common ones are polymeric nanoparticles, lipo-
somes, fullerenes, nanotubes, nanoshells, solid lipid
nanoparticles (SLNs), micelles, dendrimers, metallic
nanomaterials, magnetic nanoparticles, ceramic na-
nomaterials, quantum dots, nanoemulsion, microbi-
vores, nanobubbles, and respirocytes (Meena et al.,
2018). Furthermore, nanomaterials can be catego-
rized in two types as organic nanomaterials and inor-
ganic nanomaterials (Fesseha et al., 2020). Organic
nanomaterials can be produced from organic materi-
als, such as proteins, lipid, sugar and the other. For
instance, nanocapsules with lipid formulations are
possible with improved solubility, high bioavailability
and establishment of sustained liberation of the nano-
encapsulated food constituents (Akhavan et al.,
2018). Nanomaterials can be produced from miner-
als such as silicon dioxide, calcium and magnesium,
silver nanoparticles, and the other. The example is
the nano-ZnO promoted the proliferation of the cells
and did not injury the cells at lower concentrations
(Feng et al., 2009).
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The Significance of Nanotechnology in Dairy
Cattle

Challenges in the dairy farming sector are getting
more complex year by year, because livestock pro-
duction will face some problems in the future as well
as today. The problems are covering at all production
system stage. The upstream includes the dairy farm-
ing system and the downstream includes the dairy
product processing system. The main goal of breed-
ers was to increase productivity and efficiency in the
past. However, this discussion will be focused only in
the upstream area or on-farming. Key drivers for fu-
ture innovation are basically genomics, information &
communication technology (ICT), microsystem and
nanotechnology (Den Hartog and Sijtsma, 2013). The
most challenges in the dairy cattle can be divided into
some areas. There is feed quality, metabolic and
reproduction disorders, infectious diseases, barn
facilities, and pollutants. Some examples of the appli-
cation of nanotechnology to solve those dairy chal-
lenges are Ag nanoparticles at concentrations lower
than the MIC drastically inhibited production of afla-
toxin by A. parasiticus (Mousavi and Pourtalebi,
2015), carboxymethyl chitosan-loaded reduced gluta-
thione treatment might alleviate SCK by enhancing
gluconeogenesis and reducing ketogenesis in amino
acids (Zhao et al., 2020), nanotube implanted under
the skin to provide real time measurement of chang-
es in the level of estradiol in the blood (Patil et al.,
2009), Ag nanoparticles had marked antibacterial
effect against bacteria isolated from calf diarrhoea
(Zeedan et al., 2018), TiO, nanocoating system filled
with hollow microspheres reflects solar radiation of all
incoming wavelengths (Sandin et al., 2017), and the
addition of zinc oxide nanoparticles into the manure
were reduced significantly (Alvarado et al., 2015).
Because of that, nanotechnology is an alternative
instrument that can be selected to solve dairy farming
challenges in the future. As far as we know that es-
teem for animals within the food chain is considered
within the context of an ethical matrix that affords
respect according to the principles of well-being,
farmers and the living environment, farm animals,
autonomy and justice to consumers (Webster, 2001).
Because the five principles of freedom have had ma-
jor impact on animal welfare thinking internationally
(Mellor, 2016). The five principles of freedom are:

Freedom from discomfort,

Freedom from hunger, thirst and malnutrition,
Freedom from fear and distress

Freedom to express normal behavior

Freedom from injury, pain and disease (Gill, 2012).

Although in the recent years, the five principles of
freedom to evaluate animal welfare levels has ex-
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panded to more than five criteria. For example, ac-
cording Kjeaernes and Keeling (2002) there are 12
criteria to evaluate animal welfare levels, but the ex-
pansion of the criteria is also based on the five princi-
ples of freedom. So, there is a connection among
nanotechnology, animal welfare, and dairy cattle.
Moreover, nanotechnology can be used as an alter-
native solution to solve the problem in dairy cattle
welfare.

Compatibility of Nanotechnology in Dairy Cattle

It is generally known that every system has limited
factors, including nanotechnologies. Although nano-
technology is a new invented technology, it cannot
cover all of the fields. Nanotechnology also has some
disadvantages; the potential danger to humans, the
environment, and an economic market crash related
to a potential lower value (Lauterwasser, 2008). How-
ever, it is only needed to identify which nanotechnolo-
gies are applicable in dairy farming.

The Application of Nanotechnology in Dairy Cat-
tle Welfare Improvement

Freedom from discomfort

The animal welfare in the dairy farms should be pos-
sible in shelters with a comfortable rest area (Gill,
2012). Specific areas in this aspect include; thermal
comfort, comfort around resting, and ease of move-
ment of all the cows (EFSA, 2009). Some areas in
the dairy farms can be improved with the nanotech-
nology approach. But in general, it is connected with
construction and facilities in the barn. For example,
cow bedding, milking grease, milking machine, feed-
er, cubicles, and the other facilities. However, the
discomfort aspect is also related with pollutants in the
barn, and the nanotechnology is also able to solve
the problems in this field. Mat-stall (bedding) im-
proves the productive and reproductive performance
(Singh et al., 2020). Mat-stall (bedding) materials are
related with odds ratio of lameness. If the bedding is
made from hard materials, it will improve the odds
ratio of lameness. The bedding is also affected by the
overall gaseous emissions (Hartung and Phillips,
1994). Using mat-stall for the bedding for the cows
will improve comfort levels in the barn. Nanotechnolo-
gy might apply for mat-stall materials.

Se, NPs is proven to increase the activity of anti-
oxidative enzyme in serum also relieve and improve
oxidative damage in dairy cows caused by heat
stress (Weixing et al., 2009). To decrease the heat
stress effect in the tropic and hot climates, construc-
tion manipulation is one of the solutions. Construction
manipulation is always correlated with materials used
to building the barn especially roof materials to de-
crease the heat radiation. Nanoparticle TiO; has the
capability of photocatalytic activities, so this material
is good for heat insulation. Furthermore, using TiO,
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nanoparticle in the feeder can improve the comfort
level of the cattle because this material has self-
cleaning coating which will reduce the contaminant
agents in the feed. Another discomfort factor is gas
emissions in the barn that causes odours. There are
two approaches to reduce the emission of gas in
dairy farms; reduced gas emissions inside of the
body metabolic system and reduce the emissions in
the slurry degradation processes. Applicable nano-
technology approach can be used to solve gas emis-
sion problems with some nanomaterials. For in-
stance, using SiO, as a feed additive can reduce
ammonia emission in the body metabolic system
(Pieszka et al., 2018). Another example is an ap-
proach to animal waste management involving add-
ing nanoparticles to manure to enhance biogas pro-
duction from anaerobic digesters or to reduce odours
(Scott, 2007).

Freedom from thirst, hunger and malnutrition

This principle of freedom in process evaluation can
be measured by access to clean, fresh water and a
diet to maintain full health and vigor (Gill, 2012).
Some food and nutrition products containing na-
noscale additives are already commercially available,
and nanotechnology has begun to be widely used in
different fields (Brunori et al., 2009). For example, in
the application of nanotechnology, various com-
pounds are used as a supplemental source of trace
minerals (MgO, NayO, SiO,, CaO, K;0, TiO,, Al,Os3,
and Fe,;03) nanoparticles (NPs) in diets (Meena et
al., 2018).

Each nanomaterial has a specific function in the me-
tabolism system. For example, ZnO nanoparticles as
feed additives can improve the growth of rumen mi-
croorganisms and ruminal microbial protein synthesis
(Huang et al, 2015) and raise the ener-
gy utilization efficiency (Riazi et al., 2019). Then, Se
NPs can stimulate rumen microbial activity, digestive
microorganisms or enzyme activity (Shi et al., 2011)
and Se NPs exhibit lower toxicity than selenite (Cigek
et al., 2021). Moreover, CuSO, can significantly im-
prove the digestibility of crude fat and energy, levels
of IgG, y-globulin and total globulin protein, and SOD
activity (Gonzales-Eguia et al., 2009). Further, SiO,
can significantly increase the number of lactic acid
bacteria and decrease in the number of bacterial
pathogens (Pieszka et al., 2018). Technique nanoen-
capsulation can be applied for rumen protection for
some amino acids. Because some researches have
reported that rumen protected methionine (RPM) plus
rumen protected lysine (RPL) can improve milk yield
and protein contents of dairy cows (Awawdeh, 2016).

From the examples that are mentioned above, we
can conclude that nanoparticles can become an alter-
native solution to improve the dairy cattle welfare
quality level in the aspect of freedom from thirst, hun-
ger, and malnutrition. Because the data shows that
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the usage of nanoparticles in the feed can improve
digestibility, enzyme activity in the digestive system,
and inhibit pathogen bacteria growth (Huang et al.,
2015, Riazi et al., 2019). As a result, the evaluation of
dairy cattle welfare improvement in this aspect can
be done with body condition score (BCS) method
(Spigarelli et al., 2020). After nanotechnology appli-
cation, the BCS of cows can be tested to see if they
are in the normal range and are not over-conditioned
or under-conditioned. It can be concluded that animal
welfare levels in this aspect have been improved.

Freedom from fear and distress

The last aspect to evaluate animal welfare is freedom
from fear and distress. This aspect can be achieved
by ensuring conditions that avoid mental suffering
(Gill, 2012). Some production management methods
that are applied in the farm might cause fear and
distress to the cattle. For example, not normal parity
process (dystocia) and the need of human assistance
might cause trauma to the cattle. The nanoparticle
MgO has preventive capability in the memory impair-
ment induced by postpartum depression
(Zadedarvish et al., 2020). Furthermore, the milking
process also has potency for trauma if the process is
not properly done. Therefore, nanotechnology can be
applied in this area. To improve the comfort levels in
the milking process, generally some dairy farms use
milk grease. Nanoparticles can be applied in this ar-
ea, especially nano-lubricants fields. Thin and short
multi-walled carbon nanotubes could improve the
friction-reduction and anti-wear properties of vegeta-
ble-based oil more effectively than thick and long
multi-walled carbon nanotubes (Su et al., 2018). Fur-
thermore, some part in the milking machine uses
rubber, so nanotechnology can also take a part in this
area to improve the comfort quality while the milking
process is carried out. For example, the tensile
strength, tensile stress, and elongation at break of
rubber nanocomposites were found to increase with
addition of CNC regardless of cellulose sources
(Dittanet et al., 2019).

Freedom to express normal behavior

Providing sufficient space, proper facilities and com-
pany for animals is a procedure to improve the ani-
mal welfare level in the aspect of freedom to express
normal behaviour (Gill, 2012). Appropriate or normal
behaviour can be evaluated from four areas; expres-
sion of social behaviours, expression of other behav-
iours, good human-animal relationship, and absence
of general fear (EFSA, 2009). Social behaviour ex-
pression in dairy cattle is usually related with social
dominance. Social dominance can be defined as a
relationship where an animal through threat, force, or
mere pleasure causes a subordinate animal to yield
space (Lamb, 1976). The expression of other behav-
iours in dairy cattle can be divided into eating time,
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lying time, ruminating time, standing time, and idle
time (Nikkhah and Kowsar, 2012). Space of the facili-
ties in the barn and pasture for dairy cattle have big
impact for comfort levels. Because of that, to make a
connection between cattle behaviour and nanotech-
nology is very limited. However, nanotechnology can
apply in the pasture to improve the quality of grass.
Encouraging nitrogen use efficiency (NUE) results
have been found when using nano-fertilizers (Mejias
et al.,, 2021). Moreover, the release pattern demon-
strated that the nanocomposite had a slow release
behaviour for urea dissolution (Golbashy et al.,
2017). Nanocomposite coating has a compact and
non-porous microstructure; therefore, it prevents the
penetration of chloride ions (Lekka et al., 2010). An-
other application of nanotechnology in the area of
good human-animal relationship and the absence of
general fear. Many studies that reported the effect of
colours in the dairy farm. For instance, cows learn to
discriminate among handlers partially based on the
colours of their clothes (Munksgaard et al., 1997).

Freedom from injury, pain and diseases

Improvement process in the aspect of freedom from
injury, pain and diseases can be done by prevention
or rapid diagnosis and treatment (Gill, 2012). Ab-
sence of injuries, pain and disease induced by man-
agement procedures are the scope in this aspect
(EFSA, 2009). Nanotechnologies are widely used for
rapid detection and diagnosis, notably for clinical
examination, food safety testing, and animal epidem-
ic surveillance (Huang et al., 2015). One of the big-
gest diseases prevalent in the dairy farming is masti-
tis. Mastitis is caused by infectious bacteria in the
milking process. Teat dip is always applied in the
dairy farm to reduce the prevalence of mastitis. In
usual lodine and Chlorine are used in this dip pro-
cess. Because of that nanotechnology can take a
part in the process. Teat dip containing 4% povidone-
iodine and 1% chitosan was more effective than 10%
povidone-iodine in preventing subclinical mastitis (Hui
-min et al., 2020).

Diseases seen in calves is mostly diarrhoea. In gen-
eral, this disease is also caused by bacteria. Some
nanoparticles are proven to reduce the odds ratio of
this disease. There is SiO, and TiO,. The literatures
show TiO, has antimicrobial effect reaction Gram-
positive bacteria (Lactobacillus acidophilus), yeast
(Saccharomyces cerevisiae), Gram-negative bacteria
(Escherichia coli) and green algae (Chlorella vulgaris)
(Haider et al., 2019). Moreover, SiO; has the capabil-
ity to reduce the prevalence of diarrhoea (Pieszka et
al., 2018). Some incidences of disease in the dairy
farms are caused by viruses. For instance, foot-and-
mouth disease virus (FMDV), bovine virus diarrhoea
(BVD), bovine herpes virus (BHV-1), and brucellosis.
The research resulted those nanotechnologies are
applicable to fight virus attack in dairy cattle. Nano-
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particle of MgO NPs can inhibit foot-and-mouth dis-
ease (FMDV) by more than 90% at the early stages
of infection (Rafiei et al., 2015a). Then, nanoparticle
of Au NPs can inhibit post-entry stages of viral repli-
cation concomitant with the onset of intracellular viral
RNA synthesis (Rafiei et al., 2015b). Another area of
application of nanotechnology for dairy cattle is nano-
encapsulation. One of the nanoencapsulations that is
usually used is synthesized from chitosan nanoparti-
cle. Chitosan nanoparticle of hCG (Human Chorionic
Gonadotrophin) hormone or CS-NPh as a nasal
spray can be used in enhancing the induction of ovu-
lation in dairy cattle (Pamungkas et al., 2016).

Conclusion

Animal welfare is an essential management practice
in dairy farms. Improvement in the five aspects of
animal welfare will impact to the performance and
productivity of the cattle because all the environment
conditions are supported to express maximum poten-
cy. The new technology can be used as an approach
to achieve that purpose. Nanotechnology is one of
the most advanced technological inventions of the
20" centuries. In general, nanotechnology can be
applied in dairy cattle for animal welfare improve-
ment. The management only needs to select the cor-
rect nanotechnology that would be applied in the
dairy farm to solve the challenges. In some specific
areas related with animal welfare improvement, there
are some potential nanotechnologies that can be
applied. However, compatibility of nanotechnologies
in the dairy animal welfare can still be elaborated in a
more detailed aspect depending on the challenges in
the farm. As a result of the study, it can be stated that
nanotechnology should be used to improve the wel-
fare standards of dairy cows.
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Abstract: The intensive use of grains as feed in ruminant production systems raises concerns about future food securi-
ty. The replacement of food raw materials used in animal nutrition with industrial by-products and other waste biomass
that are not suitable for human consumption is viewed as the most important potential strategy that can decrease food-
feed competition and increase the profitability of animal production. Crude glycerin (CG) is a byproduct of the biodiesel
industry and has been used as an alternative to grains in ruminant diets in recent years. Glycerol, which is the main
component of CG, rapidly participates in energy metabolism by undergoing fermentation to propionate and butyrate in
the rumen. Depending on the biodiesel production method, the effect of CG, which is obtained at varying levels of puri-
ty, on ruminants may vary according to the amount of glycerol, and other impurities in it and the amount of CG added
to the diet. Due to this variability, inconsistent results are obtained regarding the efficiency of CG usage in ruminants.
Based on the literature, it was concluded that CG could be used in ruminant diets at levels of 10-15% of dry matter
after taking into account the levels of impurities without adversely affecting the performance.

Keywords: Biodiesel, by-product, crude glycerin, glycerol, ruminant

Ruminant Rasyonlarinda Ham Gliserin Kullanimi

Oz: Ruminant beslemede tahillarin yogun olarak kullaniimasi gelecegin gida giivenligi konusunda endiselere yol ag-
maktadir. Hayvan beslemede kullanilan gida hammaddelerinin insan tuketimine uygun olmayan sanayi yan Urlnleri ve
bazi diger atik biyokitleler ile dedistiriimesi gida-yem rekabetini ve hayvansal Gretimin karliigini artirabilecek en énemli
potansiyel strateji olarak gorulmektedir. Ham gliserin (HG), biyodizel endistrisinin yan driniddr ve son yillarda rumi-
nant rasyonlarinda tahillara alternatif bir enerji kaynag olarak kullaniimaktadir. HG’nin ana bileseni olan gliserol, ru-
mende hizli bir sekilde propiyonat ve bitirata fermente olarak enerji metabolizmasina katilmaktadir. Biyodizel Uretim
metoduna bagh olarak degisken safliklarda elde edilen ham gliserinin ruminantlar izerindeki etkisi igerisindeki gliserol
ve diger kirliliklerin miktarina ve rasyona eklenme dlizeyine gére degiskenlik gosterebilmektedir. Bu degiskenlik sebe-
biyle ham gliserinin ruminantlarda kullanim etkinligi konusunda ¢ok cesitli sonuglar elde edilmektedir. Literatur bulgulari
degerlendirildiginde HG'nin icerigindeki kirlilikler gézetilerek ruminant rasyonlarinda kuru maddenin %10 ila 15 diizeyle-
rinde performansi olumsuz etkilemeden kullanilabilecedi sonucuna variimigtir.

Anahtar kelimeler: Biodizel, gliserol, ham gliserin, ruminant, yan trtin

Introduction

Biodiesel is a liquid fuel, a mono alcohol ester ob-
tained in the reaction of vegetable, animal, or waste
oils (e.g., frying oil, grease trap) with alcohol
(methanol or ethanol) in the presence of catalysts
(acid, alkali, or enzyme). As a result of this process
called transesterification, methyl or ethyl esters
(biodiesel) are obtained as the final product, and ap-
proximately 0.1 m® of crude glycerin (CG) is obtained
as a byproduct for every 1 m” of biodiesel produced
(Kholif, 2019). Glycerol obtained during biodiesel
production is called CG because it mixes with con-
taminants such as alcohol, catalysts, salts, and fatty
acids. Whereas the term glycerol (1,2,3-propanetriol)
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is used to describe the pure substance whose physi-
cal and chemical structure is known, the term glycerin
is generally used for commercial products containing
more than 95% glycerol in aqueous solution (Knothe
et al., 2005). The percentage of glycerol in CG can
vary from 45-90% depending on the raw material
used for production, reaction conditions, and to what
extent CG is refined by the biodiesel plant.

Decreasing fossil fuel resources in the world, increas-
ing greenhouse gas emissions, and unstable oil pric-
es direct the policies of different countries to seek
alternative energy resources that are sustainable,
renewable, cost-effective, and environmentally friend-
ly. According to the European Union's "2030 Frame-
work for Climate and Energy Policies” statement
(Parliament Regulation, 2018), it is aimed to increase
the share of renewable energy sources in the global
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energy supply to 32% and reduce greenhouse gas
emissions by 40% by the year 2030. Biodiesel pro-
duction has increased rapidly in recent years due to
the lower cost of biodiesel compared to that of many
other renewable energy sources such as wind and
solar energy. Global biodiesel production, which was
39 billion liters by 2020, is expected to increase to 46
billion liters by 2029 (OECD/FAO, 2020). Biodiesel
production in Turkey increased by 112% in the last
five years, reaching 134 million liters in 2019 (BSD,
2019).

With the rapidly increasing biodiesel production glob-
ally, there exist some difficulties in terms of sustaina-
ble utilization of crude glycerol, which constitutes
nearly 10% of the final product. Generally, glycerol
has more than 1500 applications in various catego-
ries and industries, such as personal care, cosmetics,
medicine, and food industries. Although these wide-
spread applications are limited by the purity of the
product, attaining 99% purity of CG requires addition-
al costs. Therefore, as is the case with many biofuel
by-products such as distillers dried grains and soluble
obtained from ethanol production (Sahin et al., 2013),
the feed industry is viewed as one of the potential
markets in which CG may be utilized without addition-
al purification.

Feed costs constitute the largest share of expense in
livestock production systems (Elmali et al., 2010).
Besides, the intensive use of grains in traditional ani-
mal nutrition raises concerns about future food secu-
rity. Therefore, it is advantageous to include econom-
ic products such as CG in ruminant diets as an alter-
native to grains in terms of profitability and reducing
food—feed competition. In ruminant feeds, glycerol
was first used as a drench in the ketosis treatment of
dairy cows with negative energy balance as a gluco-
genic precursor (Goff and Horst, 2001; Linke et al.,
2005). As CG became a surplus product in the global
market and its price decreased considerably, it was
started to be used as an alternative energy source in
animal diets instead of starch-based ingredients such
as corn, which are generally widely used in ruminant
diets (Musselman et al., 2008; Gunn et al., 2010).
Moreover, based on the hypothesis that glycerol re-
duces rumen biohydrogenation and lipolysis
(Edwards et al., 2012), its application in increasing
beneficial fatty acids in meat and milk has been the
subject of research in recent years (Carvalho et al.,
2015; Fiorentini et al., 2018). In this review, the ef-
fects of CG added to ruminant diets on performance,
digestibility, and levels of the certain rumen and
blood parameters, as well as that of meat and milk
fatty acid composition are presented to evaluate its
effectiveness in ruminant nutrition.

Nutritional content of crude glycerin

The energy content of glycerol is very close to that of
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corn with an estimated 1.98-2.27 Mcal/kg dry matter
(DM) net energy lactation (NEL) and 4.32 Mcal/kg
DM gross energy values (Schréder and Sudekum,
1999) for ruminants. The energy value of CG can
vary according to the amount of glycerol present. As
long as the composition of methanol or other pollu-
tants in CG is at acceptable levels, their use in rumi-
nant feeding is considered safe (FDA, 2006). The
most important factor limiting the use of CG in animal
nutrition is the level of methanol present in it. Metha-
nol in CG can be found up to 37.5%, depending on
the method used during biodiesel production. While
EFSA (2010) determined the upper limit of methanol
in raw glycerin obtained from vegetable origin raw
materials that can be used in feed as 0.2%, FDA
(2006) determined the maximum upper limit of meth-
anol in animal feed as 150 ppm. Methanol at the
specified levels is considered extremely safe for rumi-
nants as it is rapidly metabolized by the rumen flora
to methane, carbon dioxide, and water. However,
when more than the amount of methanol that can be
metabolized in the rumen is consumed, severe ef-
fects such as a decrease in milk yield, anorexia, dull-
ness, and sudden death could occur (Nazato et al.,
2019). However, in studies where CG was used in
animal diets, no toxic effects were reported due to
high methanol levels in CG. In a study investigating
the effect of crude glycerin containing 26.7% metha-
nol in beef cattle, it was reported that there was no
change in the nutrient digestibility and DM consump-
tion of animals fed with 1.1 L/day CG compared to
the control group (Schroder and Stdekum, 1999). In
another study, 12% CG (containing 8.7% methanol)
was added to lamb diets, and no adverse effects
were reported (Lage et al., 2014).

The second important pollutant in CG after methanol
is sodium. Salt (NaCl), which is used as a catalyst in
biodiesel production, can be found in CG at levels of
up to 6.6% (Knothe et al., 2005). High sodium levels
in the diet can be tolerated as long as the animal
consumes sufficient amount of water; however, in
some cases, it can negatively affect rumen fermenta-
tion and reduce appetite and energy use efficiency
(Knothe et al., 2005). High dietary salt and sodium
levels may cause electrolyte imbalances in animals
and reduce the acceptability of the diet with CG.
Ezequiel et al. (2015) indicated that diets containing
300 g/kg DM of CG increased the dietary content of
NaCl by 500% and reduced feed intake of dairy
cows.

CG can be obtained from any renewable biological oil
source (such as vegetable oils or animal fats) con-
sisting of triglycerides. However, as it is known, feeds
of animal origin are prohibited in ruminant feeding
due to their association with bovine spongiform en-
cephalopathy. Hence, only CG obtained from vegeta-
ble oils can be used in the diet of ruminant animals.
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Glycerol metabolism

In ruminants, most of the glycerol is fermented by
rumen bacteria, mainly propionic acid and butyric
acid. Whereas glycerol converted to butyrate is me-
tabolized to B-hydroxybutyrate (BHBA) by the rumen
epithelium (ketogenic), propionate can be directly
absorbed from the rumen wall and participate in glu-
cose synthesis in the liver (glycogenic). The low
amount of glycerol that passes through the rumen
and reaches the small intestine can be absorbed
from there and used in glucose synthesis in the liver
as a glycogenic substrate (Kholif, 2019). In the liver,
glycerol is converted into triose phosphate and then
to glucose via gluconeogenesis (Figure 1.) or catabo-
lized by glycolysis (Carvalho et al., 2015). In a study
examining the metabolic pathways of glycerol in ru-
men-cannulated cows, it has been reported that 25%
of the glycerol entering the rumen is fermented in the
rumen, 45% is absorbed by passive diffusion through
the rumen wall, and 30% leaves the rumen through
the omasal groove (Werner Omazic et al., 2015). In
another study by Rémond et al. (1993) investigating
glycerol metabolism in the rumen with cannulated
cows, it has been reported that 32 g out of 250 g of
glycerol ingested were passed to the omasum, 105 g
were fermented, and 103 g were absorbed from the
rumen wall. However, the mode of glycerol admin-
istration to the animal is another factor affecting the
rumen metabolic pathway. It has been reported that a
large quantity of glycerol is fermented in the rumen if
administered as mixed diet, whereas most of it is
absorbed from the rumen wall when administered as
a drink (DeFrain et al., 2004).
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Figure 1. Metabolic pathway of glycerol and liver
gluconeogenesis, modified from Kupczynski et al.
(2020).

Effect of crude glycerin on dry matter intake and
performance

The effects of CG on DM intake (DMI) and fattening
performance vary depending on the degree of purity
and the level at which it is added to the diet. In many
studies, it has been reported that the use of CG at a
level over 10% of the DM diet negatively affects DMI
(Musselman et al., 2008; Gunn et al., 2010; Chanjula
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et al., 2016). In related studies, it has been suggest-
ed that high levels of CG supplementation cause a
decrease in DMI by negatively affecting rumen fer-
mentation. Furthermore, it is suggested that glycerol
fermentation increases propionate concentration in
the rumen, and propionate at increased levels acts as
a DMI inhibitor in ruminants (Allen, 2000). According
to another hypothesis, CG increases the energy den-
sity in the diet by inducing a chemical feeling of sa-
tiety, and eventually, DMI is suppressed (Saleem and
Singer, 2018). Fiorentini et al. (2018) stated that the
DMI decrease might be related to the decrease in the
taste of the diet due to the presence of impurities
such as methanol in CG.

The effects of CG on daily body weight gain (DBWG)
and feed conversion rate (FCR) are mostly compati-
ble with that on DMI. Versemann et al. (2008) and
Parsons et al. (2009) reported that the addition of CG
up to a level of 10% in beef cattle diets increases
DBWG and the addition of CG at levels over 10%
caused a decrease in DBWG by suppressing DMI. In
some studies using CG, an increase in fattening per-
formance was observed despite the decrease in DMI.
This situation generally occurs due to balancing of
the decreasing DMI with a high metabolisable energy
value and high nutrient digestibility in the glycerol
groups (Saleem and Singer, 2018). Moore et al.
(2011) observed a positive increase in DBWG and
FCR in fattening cattle fed with diets containing CG at
0%, 3%, 6%, and 9% levels, although DMI de-
creased. In their study, Gunn et al. (2010) added 0%,
5%, 10%, 15%, and 20% CG to lamb diets, and they
associated the increase in DBWG, up to 15% CG
addition to the increases in DMI, and the decrease in
DBWG observed in the group with 20% CG to the
decrease in DMI due to the decreased rumen fer-
mentation. Consistent with this study, in a study
where 0%, 15%, 30%, and 45% levels of CG were
added to lamb diets, the addition of more than 15%
CG to the diets was reported to negatively affect DMI,
DBWG, and FCR (Musselman et al., 2008). In a
study by Avila-Stagno et al. (2013), they added 0%,
7%, 14%, and 21% CG to lamb diets and reported
that DMI and DBWG were decreased, although no
significant effect was observed in FCR at a level of
over 7% CG addition.

In general, current studies report that the addition of
CG up to levels of 10%—-15% does not harm fattening
performance; however, its use above these levels
damages rumen fermentation.

Effect of crude glycerin on nutrient digestibility

CG can adversely affect cellulose digestion by sup-
pressing cellulolytic bacterial activity in the rumen.
Paggi et al. (1999) reported that as the in vitro glycer-
ol concentration in rumen culture increased from 50
to 300 mM, the cellulolytic activity decreased by 8—
15%. El-Nor et al. (2010) investigated the effect of
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different levels of glycerol (0, 36, 72, and 108 g glyc-
erol’/kg DM) on bacteria by measuring the DNA con-
centrations of some bacteria in in vitro culture of ru-
men samples. They observed that the number of
cellulolytic bacteria (Butyrivibrio fibrisolvens and Se-
lenomonas ruminantium) decreased in diets contain-
ing 72 g and 108 g glycerol. However, it has been
reported that increased glycerol amount has no effect
on acid detergent fiber (ADF) digestibility, and it neg-
atively affects neutral detergent fiber (NDF) digestibil-
ity. In studies by Chanjula et al. (2014) and Lage et
al. (2017), respectively, on beef cattle diets contain-
ing CG up to 20 and 10%, CG level did not have a
significant effect on DM, crude protein (CP), crude
fat, NDF, and ADF digestibility. On the other hand, in
a study by Ribeiro et al. (2018) in which 0, 7, 14, and
21% CG was added to lamb diets, they reported that
the digestibility of DM, CP, and NDF decreased in
proportion to the increasing amount of CG.

Literature survey reveals that high CG level in rumi-
nant diets suppresses the activity of cellulolytic bacte-
ria. In this context, it should be considered that the
use of glycerol, especially in concentrate diets, may
create an unsuitable environment for cellulolytic bac-
terial species and may adversely affect NDF and
ADF digestion.

Effect of crude glycerin on ruminal fermentation
Ruminal pH

The diet composition of ruminants is the most im-
portant factor that shapes the microbial flora and fer-
mentation parameters in the rumen (Kaya, 1997).
High starch diets decrease ruminal pH by increasing
the amount of lactate produced by homolactic spe-
cies such as Streptococcus_bovis and Selenomonas
spp., thereby promoting their growth. Glycerol is me-
tabolized in the rumen mainly by lactate-metabolizing
bacteria. Thus, lactate can be removed from the ru-
men environment, and the decrease in ruminal pH
can be prevented. However, there are conflicting
reports about ruminal pH findings in studies using
CG. Van Cleef et al. (2018) reported that the ruminal
pH increased with increasing levels of CG in lamb
diets; Chanjula et al. (2014) reported that CG addition
does not affect ruminal pH; whereas Lage et al.
(2017) reported that ruminal pH decreases with the
addition of CG. The differences between the ruminal
pH values obtained in the related studies are be-
lieved to be caused by diet composition rather than
CG levels.

Ruminal ammonia nitrogen

Paggi et al. (1999) determined that glycerol reduced
the proteolytic activity in rumen fluid by 20% and sug-
gested that it may also decrease the ruminal NH3;—N
level. Consistent with this study, Wang et al. (2009)
reported that the ruminal NH;—N concentration de-
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creased in parallel with the increase in the CG ratio in
beef cattle diets. Syahniar et al. (2016) reported that
ruminal NH3-N level decreased with the increase in
the glycerol level in the diet, and this situation may be
caused by lower levels of proteolytic and/or deami-
nating activity during ruminal fermentation. Kijora et
al. (1998) found that the addition of glycerol at the
level of 10% of the DM in the diet to rumen and duo-
denal cannulated bulls reduced the total NH3;—N con-
centration and the proportion of bacterial nitrogen in
the rumen. Chanjula et al. (2014) reported that CG
added to goat diets at a rate of 20% decreased the
ruminal NHs—N concentration. However, El-Nor et al.
(2010) did not find a significant change in the NH5—N
concentration between the groups in their study in
which they added different levels of glycerol (0, 36,
72, and 108 g glycerol/kg DM) in in vitro fermenters.

Rumen microbial population and rumen volatile
fatty acids

Glycerol is metabolized in the rumen mainly by
Megasphaera elsdenii, Streptococcus bovis, and
Selenomonas ruminantium (Hobson et al., 1997).
Selenomonas ruminantium and Streptococcus bovis
are the main fermenters of glycerol, and the main
products of fermentation are propionate, lactate, suc-
cinate, and acetate. Megasphaera elsdenii, on the
other hand, metabolizes the lactate formed by spe-
cies such as Streptococcus bovis and Selenomonas
ruminantium to propionate and butyrate with acrylate
as an intermediate and indirectly takes part in glycer-
ol metabolism (Shin et al., 2012). Therefore, as a
result of the rumen metabolism of glycerol, the
amount of propionate increases mainly in the rumen,
whereas that of butyrate increases to a lesser extent.
However, fermentation of glycerol in the rumen is
largely dependent on the ratio of roughage to con-
centrate in the diet. For example, when high levels of
carbohydrate sources such as easily fermentable
starch are present in the diet, the contribution of the
acrylate pathway is high, and when the level of cellu-
lose in the diet is high (roughage-based diet), the
contribution of the acrylate pathway is negligible (El-
Nor et al., 2010). Hence, the increase caused by
glycerol in the ratios of propionate and butyrate in
concentrated feed diets in the rumen may be higher.

In many in vivo and in vitro studies investigating the
effect of glycerol in ruminant feeding, an increase in
the total volatile fatty acid (TVFA) levels, mainly those
of propionic and butyric acid, and a decrease in ace-
tate/propionate ratios were observed in glycerol fer-
mentation (EI-Nor et al., 2010). In addition, with the
increasing amount of CG in the diet, there was an
increase in butyric acid and valeric acid concentra-
tions, although no difference was observed in iso-
butyric and iso-valeric acid levels (Van Cleef et al.,
2015). In a study in which CG was added to goat
diets at 0, 5, 10, and 20% levels, there was no differ-
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ence between the ruminal TVFA concentration and
the molar ratios of butyrate and other volatile fatty
acids (iso-butyrate, iso-valerate, valerate, and ca-
proate). However, with increasing CG levels, a de-
crease in the molar ratio of acetate and an increase
in that of propionate have been reported (Chanjula et
al.,, 2014). In another study in which CG was added
to lamb diets, a linear decrease was observed in total
molar concentrations of TVFA, acetic, butyric, iso-
butyric, and iso-valeric acids, whereas no change
was observed in propionic and valeric acid levels
(Van Cleef et al., 2018). In an in vitro study with ex-
perimental groups fed with diets containing 0, 10, and
30% CG on the DM basis, propionate and TVFA con-
centrations increased linearly in parallel with the in-
crease in the amount of CG, whereas acetate, butyr-
ate, iso-valerate, and acetate:propionate ratios were
decreased (Benedeti et al., 2015).

Effect of crude glycerin on blood parameters

Glycerol is used as a glucose precursor in hepatic
gluconeogenesis. Therefore, an increase in serum
glucose concentration is expected as a result of the
addition of CG to ruminant diets (Gunn et al., 2010).
Chanjula et al. (2014) and Gomes et al. (2011) added
CG to goat and lamb diets, respectively, and reported
that there was no significant change in glucose levels
between groups, although there was a numerical
increase in serum glucose levels in parallel with the
increasing CG level in the groups. Contrary to these
studies, Gunn, Schultz, et al. (2010) reported a signif-
icant decrease in serum glucose concentrations with
increasing glycerol levels in lamb diets. Researchers
have reported that the unexpected decrease in blood
glucose level due to glycerol supplementation may be
due to the decrease in DMI. In contrast, in studies on
lambs by Saleem and Singer (2018) and Terré et al.
(2011), it was reported that CG does not affect serum
total protein, albumin, globulin, total lipid, cholesterol,
and glucose concentrations.

The effects of CG on serum glucose concentration
are directly related to the mode of CG administration
to animals. Linke et al. (2005) and Goff and Horst
(2001) compared two different administration meth-
ods, namely glycerol as a drink and as an additive to
feed, and reported that ingestion of glycerol by drink-
ing was more effective in increasing plasma glucose
and insulin concentrations, whereas the administra-
tion of glucose in the form of feed supplements in-
creased blood BHBA levels. When glycerol is admin-
istered as a feed supplement, it gets fermented to
butyrate, which has a ketogenic nature in the rumen,
and therefore glycerol may show a ketogenic effect
rather than a glycogenic effect. However, the rumen
fermentation of glycerol administered via drench is
more limited, and glycerol, which reaches the intes-
tines bypassing the rumen without being converted to
butyrate, is absorbed from the intestine and used as
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an effective glycogenic substrate in the liver (Linke et
al., 2005).

Previous reports support that administration of CG to
animals via the drench route is the most effective in
increasing serum glucose levels. Therefore, drench
glycerol application may be advantageous for dairy
cows that experience ketosis as a result of negative
energy balance during the transition period.

Effect of crude glycerin on meat fatty acid com-
position

After understanding the beneficial effects of polyun-
saturated fatty acids (PUFA) on human health in re-
cent years, it is aimed to increase the polyunsaturat-
ed/saturated fatty acid ratio (PUFA/SFA) in ruminant
meat and dairy products with various dietary modifi-
cations. Ruminants transform the dietary unsaturated
fatty acids into SFAs by hydrogenating them using
the biohydrogenation (BH) mechanism in their rumen.
Glycerol has the potential to inhibit the lipolysis stage,
which is the preliminary stage of BH (Edwards et al.,
2012). With this effect of glycerol that disrupts the BH
mechanism, and more PUFA flow occurs from the
rumen to the abomasum. With the increase in the
amount of PUFA that passes from the rumen without
hydrogenation, the availability of PUFAs in meat and
dairy products derived from the animal could in-
crease.

Based on the suppressive effect of glycerol on BH, it
has been hypothesized that CG supplementation
may increase the amount of PUFA in ruminant prod-
ucts. Terré et al. (2011) investigated the effect of 0, 5,
and 10% CG addition to lamb diets on the fatty acid
profile of lamb meat. They reported that although CG
did not affect the levels of PUFA, SFA, and n-6/n-3
ratio in meat, the amounts of C12:0 and C17:0 fatty
acids were higher, and that of C18:1 fatty acid was
lower in the groups that were administered glycerol.
Avila-Stagno et al. (2013) added CG to lamb diets at
levels of 0, 7, 14, and 21%, reported that linoleic acid
(C18:2 n-6) percentage in total fatty acids (TFAs) in
meat decreased linearly with increasing glycerol con-
centration, whereas that of a-linolenic acid (C18:3 n-
3) did not change. Additionally, among SFAs, the
level of palmitic acid (C16:0), which leads to choles-
terol accumulation in humans (Carvalho et al., 2015) ,
was reported to decrease and those of stearic acid
(18:0), which has no adverse effects on cholesterol
accumulation, and oleic acid (C18:1), which is associ-
ated with the concentrations of cholesterol (high-
density lipoprotein) known as beneficial cholesterol in
humans, were reported to increase. Carvalho et al.
(2015) supplemented lamb diets with 0, 7.5, 15, 22.5,
and 30% CG and reported that CG decreased stea-
ric, palmitic, transvaccenic, and total SFA percentage
in TFAs in meat, while increased odd-chain fatty ac-
ids, oleic, palmitoleic, total unsaturated, and monoun-
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saturated fatty acids percentage. Borghi et al. (2016)
added 0, 10, and 20% CG to lamb diets, and they did
not observe any significant changes in other fatty
acids, except for an increase in margaric acid per-
centage in TFAs in meat. Fiorentini et al. (2018) sup-
plemented beef cattle diets with soybean oil and CG.
They found that animals given soybean oil incorpo-
rated 32% more linoleic acids and 40% more conju-
gated linoleic acids into their muscles than those giv-
en CG.

Effect of crude glycerin on lactation performance
and milk composition

Because CG increases the density of energy in a
lactating animal's diet, it may improve lactation per-
formance (Kholif, 2019). Lomender et al. (2012) ob-
served an enhanced milk yield in cows supplemented
with 450 g glycerol/day. Also, Thoh et al. (2017) re-
ported that increasing CG supplementation from 0 to
5% of DM in goats’ diet increased milk yield from
2.38 to 2.64 kg/goat/day. Inconsistent with these find-
ings, in a study by Ezequiel et al. (2015), in which 0,
15, and 30% CG was added to dairy cow diets, they
reported that DMI and milk yield decreased numeri-
cally in proportion to the increasing amount of CG.
They also indicated that feeding diets that replace
corn with crude glycerin at 30% of dietary DM signifi-
cantly reduced animal performance. Similarly, Pavia
et al. (2016) added 0, 70, 140, and 210 g of CG/kg
DM to lactating cows' diets and observed a linear
decrease in DMI (15%) and milk yield (3.1 kg/day) as
the glycerol content in the diet increased. The au-
thors described CG's negative effects on animal per-
formance in four ways: 1) the impurities in CG, such
as methanol and salts (Ezequiel et al., 2015), 2) the
rate at which glycerol is fermented in the rumen
(Rémond et al., 1993), 3) the rumen epithelium's abil-
ity to absorb glycerol to be metabolized in the liver
(Krehbiel, 2008), 4) increasing the production of
Krebs cycle intermediates that stimulating satiety
(Allen, 2000).

Several studies indicated that the addition of glycerol
to ruminant diets depressed milk fat yield and milk fat
content (Ezequiel et al., 2015; Thoh et al., 2017;
Freitas et al., 2020). The main lipogenic precursor in
the mammary gland is acetate, and it is absorbed
and incorporated into milk fat. As previously stated,
glycerol increases ruminal propionate concentration
and decreases the acetate/propionate ratio, which
may be the primary cause of milk fat depression
(Kholif, 2019). On the other hand, glycerol feeding
can improve milk protein synthesis by increasing die-
tary energy and blood insulin levels (Willbert et al.,
2013). Insulin has been shown to play an important
role in the synthesis of milk protein in dairy cows
(Hurley et al., 2012). Another factor that might be
related to the increase in milk protein content is the
greater production of propionate in the rumen. The
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increase of propionate in the rumen decreases the
use of gluconeogenic amino acids for glucose syn-
thesis or oxidation for energy production, allowing it
to be used for protein synthesis in the mammary
gland.

Ruminant milk fat is a major source of odd-chain fatty
acids (OCFAs), which are primarily produced by ru-
men microorganisms. Glycerol can stimulate the pro-
duction of OCFAs by increasing the available primers
(e.g., propionate) for rumen microorganisms.
Ezequiel et al. (2015) reported that OCFAs and con-
jugated linoleic acid in milk fat increased linearly with
the addition of CG to cow diets. On the other hand,
adding CG to ruminant diets can increase beneficial
fatty acids like unsaturated fatty acids (UFA) and
biohydrogenation intermediates (trans-11 C18:1 and
cis—9 C18:1) in milk because glycerol inhibits rumen
biohydrogenation. Freitas et al. (2020) observed that
supplementing lactating goats' diets with CG at 0, 7,
14, and 21% of dietary DM linearly increased UFA,
UFA/SFA, and cis-9, C18:1 while linearly decreasing
SFA concentration in milk.

Conclusion

With the rapid surge in global biodiesel production,
the surplus amounts of CG obtained as a byproduct
threatens the sustainability of the biodiesel sector by
causing environmental concerns. Meanwhile, the
animal feed sector is under pressure due to food-feed
competition and food security discussions associated
with the intensive use of grain. Therefore, the effec-
tive utilization of CG as an alternative to grains in
ruminant feed is strategically important in alleviating
environmental problems and improving the profitabil-
ity of both sectors. In conclusion, CG can be used in
ruminant diets at levels of 10-15% of DM without ad-
versely affecting the performance. However, elucidat-
ing the level of impurities and glycerol in CG is critical
in determining the optimal level of CG to be added to
the diet without adversely affecting performance,
nutrient digestion, and rumen fermentation. Moreo-
ver, although there is a limited number of studies
investigating the effects of CG on meat fatty acid
profile, current literature data support that CG supple-
mentation partially increases the levels of beneficial
fatty acids in meat.
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Eksiksiz doldurulmus ve butlin yazarlarca imzalanmis “Telif Hakki Devri Formu”
(http://ercvet.gmail.com adresinden ulasabilirsiniz) makale ile birlikte génderildi.

Metnin tamamu ¢ift aralikli (5 mm) yazildi (Ozetler, tablolar, sekil alt yazilari, kaynaklar v.d. dahil).
Her bir kenarda 2,5 cm bosluk birakildi.

Yazilar 10 punto (Arial) ile yazildi.

Satir numaralari verildi.

Kapak sayfasinda, makalenin basligi (sadece yazim dilindeki) koyu (bold) yazildi, kisa baglik
eklendi.

Kapak sayfasinda, yazar isimleri agik olarak yazildi (kisaltma yok).
Kapak sayfasina dipnot (varsa) eklendi.

Turkge baslk yazildi.

Tarkce 6zet yazildi.

Turkge anahtar kelimeler (alfabetik sirali ve ilk kelimenin ilk harfi blyuk digerleri kiigik harfle
yazildi) verildi.

ingilizce baslk yazildi.

ingilizce 6zet yazild.

ingilizce anahtar kelimeler verildi.

Sekillerin orijinal halleri eklendi.

Metin icinde sekiller ardisik numaralandi.

Sekil boyutlar min.=8x20; max.=16x20 cm.
Metin iginde tablolar ardigik numaralandi.
Tablo boyutlari min.=8x20 cm; max.=16x20 cm.
Sekil ve tablolarin metin iginde gelmesi istenilen yer belirtildi.
Sekiller listesi ayri bir sayfa olarak hazirlandi.
Her sekil ayri sayfaya yerlestirildi.

Tablolar listesi ayri bir sayfa olarak hazirlandi.
Her tablo ayri sayfaya yerlestirildi.

Kaynaklar yazim kurallarina uygun yazildi.

Yazisma adresi verildi.



FINAL CHECKLIST

Before you submit your work, please take the time to be certain that your paper (and other writings

as applicable) is in the correct format and that you have included everything necessary by checking it

against this checklist.
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Copyright Release Form has been enclosed, completed and signed by all authors
(http://ercvet.gmail.com).

Entire paper has been 5 mm double-spaced (abstract, tables, captions/legends, references).
Margins have been 2,5 cm each side.
Font size has been 10 pt (Arial).

Lines have been numbered.

Title of the manuscript has been written bold and short title added on the cover page.
Author(s) names have been fully written (not abbreviated) on the cover page.

Footnote has been given on the cover page (if necessary)

English title has been given.

English summary has been given.

English keywords have been given alphabetically.

Turkish title has been given.

Turkish summary has been given.

Turkish keywords have been given alphabetically.

Orijinal figures have been enclosed.

Orijinal figures have been prepared correctly according to instructions.
Figures have been referred to consecutively in the paper.

Dimensions of figures have been min =8x20 cm; max.=16x20 cm.
Tables have been referred to consecutively in the paper.

Dimensions of tables have been min =8x20 cm; max.=16x20 cm.
Figures and tables have been stated requiring put on the manuscript.
Names of figures have been given on a separate page as figure list.
Each figure has been given on a separate page.

Names of tables have been given in a separate page as table list.
Each table has been given on a separate page.

References has been typed according to instructions.

Corresponding address has been given.
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