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From The Editor;

Dear Readers and Authors,

We are pleased and honored to present the second issue of Veterinary and
Zootechnical Sciences (VZS) in 2025. VZS is an open-access academic journal that
adheres to scientific publishing ethics and undergoes double-blind peer-review. We
would like to thank the academics who contributed articles to this issue of Veterinary
and Zootechnical Sciences (VZS), the esteemed scientists on the editorial boards, and
the reviewers who participated in the evaluation process with their opinions, ideas,
contributions, and criticisms.

Editor in Chief
Assoc. Prof. Dr. Arda Onur OZKOK

Editorden;

Sevgili Okuyucular ve Yazarlar,

Veterinary and Zootechnical Sciences (VZS)" olarak, 2025 yilinin ikinci sayisin
sunmaktan mutluluk ve onur duyuyoruz. VZS, bilimsel yayin etigini ilke edinen, ¢ift
kor hakemli, agik erigimli akademik dergidir. Veterinary and Zootechnical Sciences
(VZS)’in bu sayisinda makaleleriyle katkida bulunan akademisyenlere, editor
kurullarinda yer alan degerli bilim insanlarina ve bu siire boyunca
goriis/fikir/katki/elestirileriyle makalelerin degerlendirme siirecinde yer alan
hakemlere tesekkiir ederiz.

Bas Editor
Dog. Dr. Arda Onur OZKOK
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RESEARCH ARTICLE

Influence of Baker’s Yeast and Aspergillus oryzae on Growth and Microbial
Composition of Silver Carp (Hypophthalmichthys molitrix)
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Abstract: This research was conducted to evaluate the growth performance and microbial
composition of Hypophthalmichthys molitrix (H. molitrix) after baker’s Yeast (Saccharomyces
cerevisiae) and Koji Mold (4Aspergillus oryzae) administration. Both of these feeds contain good
levels of beta-glucans and are used for their immunostimulatory effects. 4. oryzae is an important
source of organic compounds, such as glutamic acid, glucoamylase, and proteases. The cellular
content of yeast contain proteins, glucans, and minerals that can enhance the growth of fish. About
60 fingerlings were taken and divided into 3 experimental groups with randomized placements to
ensure unbiased results. The experimental groups were fed at 2% body weight with baker’s yeast
(Th), A. oryzae (T2), and control group with 100% commercial feed (To) during the 8-week trial
period. For growth estimation, the length and weight of fish were measured weekly. After
completion of trial fish weight gain (WG), specific growth rate (SGR), survival rate, and feed
conversion ratio (FCR) were measured. The statistical results collected from treatments were
compared by using a single-factor ANOVA under Tukey test. There was significant increase in
T: and T, growth indicators as To<T; <T, with p<0.05. Also, samples were collected from gills
and intestine of fish for microbial evaluation, and analysis were performed on nutrient agar (NA)
media. In comparison to Ty, the bacterial count in T; and T, treatment was less, resultantly. The
results highlighted the potential of baker’s yeast and 4. oryzae as feed supplements, providing
encouraging opportunities for enhancing fish overall health and efficiency.

Keywords: Aspergillus oryzae, bacterial counting, baker’s yeast, growth performance,
immunomodulation, fish feed

INTRODUCTION

Aquaculture, particularly pond aquaculture, plays a significant role in Pakistan
economy by increasing fish production and contributing to economic development. The
fishing industry contributed 0.41% of the gross domestic product (GDP) of 2.12% of the

total agriculture GDP of Pakistan (Mohsin et al., 2015). With an average annual output
rate of 3,57,903 MT, Pakistan's total fisheries production from 1950 to 2017 was
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2,43,37,449 MT. In 2017, aquaculture contributed 23,56,257 MT, while catch fisheries
contributed 2,19,81,192 MT.

Fish, crustaceans, aquatic plants, and molluscs can all be raised through a practice
known as aquaculture. Fresh, brackish, and seawater habitats are all suitable for growing
these organisms. The rapid food production practice of aquaculture primarily depends on
culturing and harvesting freshwater fish stock (Bostock et al., 2010). The most affordable
and highly nutritious protein sources are aquatic animals, adding to the food surplus
available for poor people providing vital nutrients like vitamins, proteins, and minerals
(Pradeepkiran, 2019). Aquaculture, on the other side, is facing serious challenges, like
cost of feed, labor-intensiveness protocols and environmental pollution (Yue and Shen,

2022).

Silver carp (Hypopthalmichthys moltrix), widely used carp specie with great
aquaculture potential, is present in reservoirs, lakes, streams, and ponds naturally (Zu et
al., 2023). Silver carp, due to their large requirement in aquaculture, plankton control,
human consumption and in capture fisheries enhancement, has been widely distributed
all over the world (Paker et al., 2013). The temperatures ranges from 6 to 28°C at young
age of fish and 22 to 32°C during adult age (Ahmed et al., 2019). Adult Silver carp are
filter feeders with unique gill rakers that create a filtering system like a sponges. They

consume zooplankton, phytoplankton, debris, and bacteria (Calkins et al., 2012).

In Pakistan, two Chinese carp species, the Grass Carp, Ctenopharyngodon idella
(Valenciennes) and the Silver carp, H. molitrix, are raised extensively in a semi-intensive
culture system together with some Indeginous carps like Labeo rohita and Cirrhinus

mrigala with great potential (Igbal and Asghar, 2012).

The microbiota, formerly known as the microbial biota or microflora, is defined
as the diverse population of microorganisms that live on peripheral body surfaces and
cavities that are exposed to the atmosphere. The outermost layer of fish body and all other
bony skeleton are invaded by many microbes before birth, and these organisms create
associations with their hosts (Spor et al., 2011). Fish gills and intestines may have diverse
range of microbiota that might play significant role in food digestibility, growth, and
immune development. The complex microbial population in the gastrointestinal (GI)
tracts of organisms comprises all; bacteria, viruses, yeast, protozoans, and archaeans

(Zarkasi et al., 2016).
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Baker’s Yeast (Saccharomyces cerevisiae) is a type of yeast commonly utilized in
the baking industry. It contains a variety of immunostimulants, including B-glucans,
nucleic acids and mannan oligosaccharides that has been shown effective in improving
both immune responses and fish growth performance (Abdel-Tawwab et al., 2008). Yeast
are single-celled members of fungi kingdom, ranging from 6 to 10pum in size. Yeast cells
are composed of two primary fractions, the cell wall and intracellular components

(Shurson, 2018).

Approximately 10-30% of the biomass of yeast cells is made up of yeast. For
example, the usual composition of the cell wall of S. cerevisiae is 5% protein and 95%
polysaccharides, with 35-40% mannoprotein, 5-10% p-1,6-glucans, 50-55% B-1,3-
glucans, and 2-5% is chitin (Hansen et al., 2021). The ruminal bacteria includes peptides,
amino acid, organic acid, and B vitamins that provide growth-promoting substrates by
yeast cultures. Yeast uses sugar in the processes of fermentation (anaerobic respiration)
and aerobic respiration during lab experiment. Anaerobic fermentation produces a
number of metabolites, such as peptides, alcohols, esters, which may be beneficial for an
animal's nutrition and health in addition to releasing carbon and net ATP gains.
Additionally, there are nutrient-rich yeast supplement options available in the form of
Baker's and Brewer's yeast (Baker et al., 2022).

There are various species of filamentous fungus in the genus Aspergillus. Koji
Mold (4spergillus oryzae) 1s extensively used for medicine and food production. The two
most important fungi for biotechnology applications are A. oryzae and Aspergillus niger,
which have a long history of strain improvement (Hu et al., 2011). In addition to fish skin,
Aspergillus can also be discovered in fish gills and intestines (Saleemi et al., 2020). Fish
fed with dietary A. oryzae revealed improved immunological response, resistance to

various diseases, better feed utilization, and growth performance (Dawood et al., 2020).

Various studies have proved the potential of 4. oryzae and S. cerevisiae but its
efficacy especially in H. molitrix health is underexplored. This study aimed to investigate

the impact of both feed components on the growth and microbial composition of silver

carp.
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MATERIAL AND METHOD

Research Field and Duration

This experiment was conducted for a period of 2 months from 20/11/2023 to
20/01/2024 in aquarium designated as Control-To, Treatment-T; and Treatment-T> at
Department of Zoology, Wildlife, and Fisheries, University of Agriculture, Faisalabad.

Experimental Design
Two aquarium were alienated into two replicates of experimental aquarium
designated as Control- T,, Treatment-T; and Treatment-T> with 20 fishes in each tank.

Local Ethics Committee principles have been followed with ethical approval number

1224 dated 29-01-2024, University of Agriculture, Faisalabad.

Pre-stock Management

The experimental design of the aquarium considered various factors such as
aquarium size, aeration, fish type, water chemistry, and overall design. The aquarium size
was chosen based on the number and size of fish to be kept, and a suitable filtration system
was selected accordingly. The type of fish chosen was compatible with each other and
ideal for the aquarium's size. The aquarium was set up by filling it with water, adding a

de-chlorinator, and setting up the aeration system.

Fish Stocking and Management

Each Aquarium was stocked with 20 H. molitrix, fed with different experimental
feed and control with commercial feed. Healthy Silver carp with an average weight of 90-
110g were obtained from freshwater earthen ponds of the University of Agriculture,
Faisalabad, and acclimatized for 12 days. During the trial, the fish were kept in 120-litre
aquaria with three replicates at a density of 10 fish per aquarium. Water was continuously
aerated and maintained at 25 = 1°C, pH 7.5 £ 0.5, and dissolved oxygen levels of 5-7

mg/L. The fish were fed twice a day with commercial feed and experimental feed.

Feed Preparation

To, Control group were given 100% commercial feed according to 2.5% of body
weight. T treatment group were fed with Baker’s yeast and T» treatment group with
Aspergillus oryzae as supplementary feed. Baker’s yeast diet was prepared using chopped
bread and yeast which is collected from local area of Pakistan. Add few drops of distilled
water, slightly mix and spread this material in the trays for one hour. The oven was

preheated at 40°C and the material were dried for 24 hours until crumbled. 4. oryzae
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fungal strain was prepared using an alternative way via solid-state fermentation of okra
diluted to about 60% and incubated for 7 days at 30°C (Devanthi et al., 2024). The
fermented mass obtained after incubation was harvested as a feed supplement once dried

and ground.

Sample Collection

For microbiological analysis, 10 samples from each treatment groups’ fish were
taken from gills and intestine portion using sterilized apparatus. The samples were placed
in an eppendorf tube filled with 0.9% saline solution (9mg of NaCl dissolved in 100ml
H20), homogenized it well and labelled accordingly as C for control and E1 for first
experimental treatment and E2 for second.

Microbial Media: Preparation and Counting

Dissolve 18.75g of nutrient agar (NA) (OXOID LTD., Basingstoke, Hampshire,
England) in distilled water and adjust the volume to 250 ml. Thoroughly mix the solution
and cover the flask using aluminium foil. Place the flask in an autoclave at a partial
pressure of 15 Ibs and a temperature of 121°C for 15 minutes. After removing the flask
from the autoclave, allow it to cool at 40-45°C and pour the solution into petri dishes,
allowing it to solidify under sterilized conditions. The petri plates will exhibit a creamy
yellow-colored media. An average of three was considered an accurate count in standard
lab analysis. So, three petri dishes were prepared for sample under each treatment with

agar media spreading uniformly.

For microbial count nutrient agar was used that supported the successful
cultivation of various types of bacteria. It contains essential minerals and nutrients that
are necessary for the growth of most bacteria, fungi, and yeasts. Agar is incorporated into
the medium as a solidifying agent, allowing it to be poured onto petri plates, creating a
suitable surface for microbial growth (Ogunshe and Olabode, 2009). The pH of the
nutrient agar is approximately 7.4+0.2 at 25°C. Typical formula (g/L) of nutrient agar

used:

Lab-lemco powder 1.0; Yeast extract 2.0; Peptone 5.0; Sodium chloride (NaCl)
5.5; Agar 15.0 red 0.025; Agar 15.0.

Bacterial Examination
For the identification/characterization of bacteria, gram staining was performed

using staining property of gut microbes. On petri plates, the colony formation on nutrient
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agar media were firstly observed with naked eye. After that, single-celled bacterial cell
shapes like bacilli, filamentous and coccus etc.; colony assemblage like chains, clusters
etc., were observed and noted after staining the slide containing bacterial colony,
microscopically.

For confirming the identified isolates at basic genus level, selective biochemical

tests viz., catalase, indole and carbohydrate fermentation test were performed.

Determination of Growth Parameters

Throughout the trial period, various growth parameters were measured to assess the
development of the fish. These measurements was consist of body weight documented in
grams and length documented in centimeters. Additionally, key metrics such as the
specific growth rate (SGR), feed conversion ratio (FCR), length and weight gain and
survival percentage were calculated by using the same method and formula’s used to

check the growth performances (Abdel-Aziz et al., 2021).

Limnological Parameters of Water

Consistent monitoring of the water parameters was ensured by maintaining
regulatory control with regular timings of 9:00-10:00 AM. Water temperature and pH of
treatment groups ware noted using HANNA-HI8520 meter. A ‘DO (Dissolved Oxygen)
meter’ (HI-9146) was used after adjusting in its unit “ppm” to note the dissolve oxygen

in fish tanks.

Statistical Analyses
Statistical inference as Single factor ANOVA under Tukey test were used for final

results.

RESULT

Growth Performance

The findings showed that, after eight weeks of To (control group), silver carp
average weight at the beginning of the trial was 3.16 g, and it increased to 4.99 g at the
end. In contrast, T1 had an average weight of 3.56 g at the beginning of the trial, which
increased to 6.48 g at the end of trial. While T» had an average weight 7.23 at the end of
the trial. As a result, treatment T; and T> showed higher growth performance than
treatment To. The control group gave maximum 8.1 and 5.9 cm length in final record

showing the experimental feeds significant result (Table 1).
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Table 1. Growth performance of fishes under different treatments

p- Significant/
Parameters | T0 m T2 value | Non significant
Average 1.95+0.348> | 2.77+0.843%® | 2.92+0.859* | 0.02 Significant
weight
Gain in | 0.12+0.143 0.36+0.329 0.31+0.364 0.02 Significant
weight
Average 4.54+0.958° | 6.0£1.612% 6.47+1.868" | 0.004 | Significant
length
Gain in | 0.37£0.138 0.671+0.16 0.75+0.113 0.004 | Significant
length
SGR 1.81£2.039* | 5.124+4.704° 4.5+5.18%® 0.03 Significant
FCR 2.44+0.172* | 2.157+£0.098* | 2.15+£0.098* | 0.07 Non-Significant
Survival 13.33+£9.87 13.33+11.54 13.33£11.55 | 90%
rate

The letters (a), (b) and (ab) showed that means that do not share a letter are significantly different.
SGR= Specific Growth Rate; FCR= Feed Conversion Ratio

Weekly observation on average body weight (g) of Silver Carp Weekly observation on average body length (Cm) of Silver Carp
a5 95% Cl for the Mean
0
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u ul R Treatments
QRet Individuel standard deviationsere used to calculate the intervals
Figure 1. Average body weight (g) Figure 2. Average body length (cm)

The experimental results showed that there is significant change in silver carp
growth rate p-value (<0.05). Silver carp showed positive result as long as fed with the
baker’s yeast and 4. oryzae as compared to control group, which was fed with commercial
feed. Figure 1 and Figure 2 showed the mean differences in treatment groups average

body weight and average body length, respectively.

Total Bacterial Count
Nutrient agar (NA) media was used for culturing the intestine and gills sample of

silver carp where maximum and minimum number of colonies were noted and estimated
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along with their CFU value. Mean colony forming unit values of each treatment under

study on NA showed significant increase in microbial population (Table 2).

Table 2. Mean+SD of colony forming unit of different treatments on nutrient agar (NA)

Significant/
Treatments To T T2 p-value Non-Significant
Mean+SD Mean+SD Mean+SD | 0.0001 Significant
CFU of 151.4439.65 | 229.7436.01 | 88.7+22.36 | 0.0001 Significant
intestine
CFU of gills | 138.4+45.74 | 204.5+25.85 | 86.2+14.61 | 0.0001 Significant

SD: Standard Deviation
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Figure 4. NA CFU comparison of gills

Individual standard deviationsare used to calculate the intervals.

Figure 3. NA CFU comparison of intestine

Figure 3 and Figure 4 showed the comparative difference of colony forming unit

(CFU) under three treatments for intestine and gill samples, respectively.

Identified Bacterial Strains

After incubation period of petri plates for 24 hours, visual observations were made.
The media showed slightly opalescent to yellowish gel with visible elevations (flat and
convex) of bacterial cells forming colonies as circular, irregular and rhizoid. The colony
morphology depicted the bacterial strains as Staphylococcus, Escherichia coli, Bacillus
spp., and Bifidobacterium. The microscopic investigation further revealed the presence

of gram-negative rods and gram-positive cocci.

Biochemical tests confirmed the isolates as Staphylococcus and Bacillus spp.,
were gram-positive cocci and catalase negative while E. coli were gram-negative rods

and indole positive. Bifidobacterium presence was confirmed as it fermented the

carbohydrate in test.
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Limnological Parameters

Water is the vital commodity of life of fish that directly affect its feeding behavior.
Thus, to ensure the optimal survival conditions for fish under each treatment group were
observed, maintained, and noted regularly. The Mean values for temperature, pH, and
dissolved oxygen from 20/10/2023 to 20/01/2024 determined are shown in Table 3. The

readings indicated the presence of optimal vital conditions for fish under study.

Table 3. Limnological parameters in each treatment group

Parameters Concentrations
Groups Minimum Maximum Mean+SD
To 20 30 25+3.08
Temperature T, 20 30 25+3.08
T 20 30 25+3.08
To 6.6 7.2 6.9+0.41
pH T 6.3 7.6 6.95+0.63
T, 6.5 7.9 7.2+0.67
To 6.4 7.8 7.1+£0.69
DO T, 6.4 7.3 6.85+0.35
T 6.2 7.1 6.65+0.33

DO: Dissolved Oxygen; SD: Standard Deviation

DISCUSSION

This study was conducted at the Microbiology and Immunology Laboratory,
Department of Zoology, Wildlife, and Fisheries, University of Agriculture in Faisalabad.
Its primary objective was to examine the effect of baker’s yeast and A. oryzae on the gut

microbes and growth parameters of Silver carp.

Saccharomyces cerevisiae 1s a significant natural bioproduct which contain chitin
oligonucleotides and -glucan which had positive effect on fish growth and development.
About 85-90% of the dry weight of the cell is composed of polysaccharides, which make
up the cell wall, which might make up 20-25% of the cell (Hassaan et al., 2018). Adineh
et al. (2011) reported that Larvae from the species Hypophthalmichthys molitrix larvae
are vital for freshwater aquaculture. He worked to elucidate the effects of feeding silver
carp larvae a combination of probiotic bacilli bacteria (Bacillus licheniformis and Bacillus
circulans) and Baker’s yeast (Saccharomyces cerevisiae) and showed promising results.

Baker’s yeast used as higher production in industry and also enhance the growth as diet.
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An essential live food, Artemia urmiana nauplii (A. urmiana) became a vehicle for
providing probiotic bacillus to the digestive system of silver carp larvae. For
bioencapsulation A. urmiana had high potential to carry beneficial effect to carry
digestive tract for the cultivation of fish larvae. According to the experiment, fish fed
experimental treatments had much higher feeding and growth data than fish fed control
diets, but there was no noticeable distinction in the survival rate. On silver carp larvae
yeast bioencapsulation and Bacillus had great effect on the growth rate. 4. urmiana had

major effect and food conversion ratio decrease (Adineh et al., 2011).

In aquaculture probiotic practices is important to increase immunity level, and
resistance against disease. Gram positive Bacillus, Bifidobacteria and many other are the
member in aquaculture as probiotics. It was proved by many researcher adding 4. oryzae
in the diet of fish, pig and poultry to improve the health and immune responses. On the
other side, A. oryzae and b-glucan increased the growth in Nile tilapia (Dawood et al.,

2020).

Intestinal enzyme output can be diminished when pathogenic microorganisms
disrupt the standard shape of the intestinal mucosa (Li et al., 2012). There was a
significant p-value<0.05 decline in number of total bacteria, like Escherichia coli,
Enterobacteriaceae, in the stomach and intestines of silver carp as their diets were
supplemented with 4. oryzae. This decrease might be linked to a bactericidal process to
adjust the aqueous pH or oxidation state for optimal element solubility (Williams et al.,

2011).

Fish growth was evaluated on growth parameters like length in (cm) and weight
gain (g), SGR, FCR in control group To as well as in baker’s yeast treatment T and 4.
oryzae treatment T>. The growth performance of silver carp fingerlings fed as
experimental diet for 2 months were shown in Table 1. The findings showed that, after
eight weeks of To, silver carp average weight at the beginning of the trial was 1.52g, and
it increased to 2.41 g at the end. In contrast, T1 had an average weight of 1.58g at the
beginning of the trial, which increased to 4.10 g at the end of trial, and T> had average
weight 2 g at the start and 4.21 g at the end of trail. As a result, treatment T T2 showed
higher growth performance than treatment To. By calculating the weight of each treatment,
the specific growth rate findings were also determined. The data from the control group

showed the lowest SGR, while the data from T, T2 indicated the highest To<Ti<T ».
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The initial average length of silver carp was 3.2 cm, although final average total
length was measured as 5.8 cm in control Ty, which was fed with commercial feed. The
initial average total length of T1 was 3.7 cm, while the was recorded as 8.4 cm in treatment,
which was treated with 100% baker’s yeast and T2 had 3.9 cm initial length and 9.2 cm
was final length with A. oryzae, a significant relation exists between treatments and
average length. About 90 % survival was noted in T and T> as compared to To. So, there
was a significant increase in fish WG, SGR and survival rate were noted in Ti, T», as

compared to To (p<0.05).

The findings of the study suggest that baker’s yeast supplementation can be an
effective nutritional strategy to improve the growth performance and feed consumption
efficiency of silver carp in aquaculture settings. The observed changes in feed utilization
and gut microbial communities indicate a potential mechanism through which baker’s
yeast and A. oryzae reduce FCR and enhance overall health in fish. In physicochemical
parameter survival, reproduction, growth, and other factors are influenced by water
temperature (Hussain et al., 2021). Another important limiting factor for growth is pond
pH (Uzoka et al., 2012). Physiological activities, growth rate, and metabolic activities
reduce due to acidic pH (Uzoka et al., 2015). During the experiment, pH vary from 6.3 to
7.6 in T1 and 6.5 to 7.9 in T2 group, and play a significant role in fish production. The
physico-chemical parameters such as pH and DO approve with the findings of Okomoda
et al. (2016) and Dixit et al. (2015) who measure all these parameters of different types
of fish species in pond water. Concerning the finding of Nakkina (2016) and Hura et al.
(2018) it may due to different hematological and physico-chemical indices that had
selected for the sake of study.

CONCLUSION

Conclusively, this study offered valuable insights into the usage of baker’s yeast
and Aspergillus oryzae in aquaculture feed industry and also highlighted their potential
effects on the growth and microbial communities specifically for silver carp. Both these
feeds proved their efficacy as dietary supplement in improving the sustainability and
profitability of aquaculture practices by enhancing the overall health via microbial
modulations and growth performance of fish.
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Abstract: The primary aim of this study was to determine the impact of White Button Mushroom
(Agaricus bisporus) on the gut microbiota, hematobiochemical parameters of Rohu (Labeo
rohita). White Button Mushroom (WBM) has immunostimulatory and hematological benefits
therefore, an experiment was performed using WBM to improve gut health and blood profile of
Rohu. Fish were kept for 8 weeks in two groups: a control group (given commercial feed) and an
experimental group (given WBM powder diet). Each group contained 20 fingerlings.
Hematological parameters were assessed, and the results revealed, the mean RBC count in the
treated group (T1) was 1.30 x 10%pl, significantly higher than the control group (To), which had
a mean of 0.27 x 10%ul; similarly mean Hb count in (T;) was higher than (To). Mean WBCs
counts in (To) was significantly lower then (T) counts. Hematocrit (Hct) and Mean Corpuscular
Volume (MCV) were also high in experimental group indicating enhanced immune response in
Rohu. Bacterial colonies count of (T) cultured on nutrient agar was 234.5x 10¢ CFU, significantly
higher then (To) counts, which were 94.7x 10 CFU, similarly CFU counts of WBM fed group
were higher in tryptic soy agar and Eosin methylene blue. This supports the potential of
mushroom-based diets as natural immunostimulants in aquaculture.

Keywords: Agaricus bisporus, aquaculture, fish gut microbiota, hematological parameters,
immunostimulant, White Button Mushroom

INTRODUCTION

The evaluation of White Button Mushroom (Agaricus bisporus) feed on gut
microbiota and hematobiochemical parameters of Labeo rohita (Rohu) presents a novel
approach in sustainable aquaculture nutrition. This study investigates how mushroom-
based dietary inclusion influences the gut health and blood profile of Rohu under
controlled experimental conditions. Aquaculture is the fastest-growing food production
sector, now providing over 50% of global fish supply (Beveridge et al., 2015). To sustain

this growth, optimizing fish nutrition is essential for ensuring growth, survival, and
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health. Therefore, aquaculture research focuses on developing cost-effective, nutrient-
rich feeds without synthetic additives (Tocher et al., 2010). Synthetic additives have
several negative impacts, such as antibiotic resistance on fish culture therefore, various
natural feed additives have been applied such as Mushrooms for their minimum
environmental impacts and ability to improve gut health and boost immunity in
aquaculture species (Van Doan et al., 2019). Among these Mushrooms, Agaricus bisporus
known as White Button mushroom (WBM) holds a vital position because of its nutritional
composition that includes all essential nutrients, carbohydrates, dietary fiber, fats,
vitamins (Riboflavin), and natural bioactive compounds like B-glucans and antioxidants
that may enhance immune function and improve gut microbiota (Liu et al., 2013;
Hoseinifar et al., 2019). Mushrooms are known for their medicinal properties, offering
antibacterial and antifungal benefits (Harikrishnan et al., 2018). Available literatures
showed that dietary WBM could be an antibiotic alternative to promote growth (Amiri et
al., 2018), improve antioxidant capacity and regulate immune function in several fish
Specie (Hoseinifar et al., 2019). However, no previous research has been conducted
regarding the effect of dietary WBM supplementation on hematology and gut health of
Rohu.

Rohu (Labeo rohita) is a major fish specie in aquaculture research due to its fast
growth and high nutritional value because it contains protein, omega-3 fatty acids,
vitamins B12 and D, and minerals like calcium, phosphorus, and iron and has also high
consumer preference (Sarma et al., 2020). Enhancing Rohu's health through natural feed
in polyculture systems supports sustainable aquaculture (Jena et al., 2007). Fish
hematology can be used as a tool to determine the health profile of fish (Fazio et al.,
2018). Furthermore, research has shown that the gut microbiota of Rohu can be modulated
through the use of probiotics and prebiotics, which can help to improve its growth,
immunity, and disease resistance. However, very limited work was carried out on button
mushroom (Rajani et al.,, 2023). For the first time in aquaculture, it was used by
Harikrishnan et al. (2018) and conclude that 5% and 10% of its extract can be used to
improve Clarias gariepinus hematology and enhance its immunity against
Flavobacterium columnare. Current study focuses to evaluate the effect of White Button
Mushroom on hematobiochemical and gut health of Rohu which can in turn increase the

output of aquaculture.
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MATERIAL AND METHOD

The experiment was conducted at Fish Microbiology Laboratory, located at Fish
Farm, Department of Zoology, Wildlife and Fisheries, University of Agriculture
Faisalabad. Local Ethics Committee principles have been followed with ethical approval
number 2249-12 dated 11/02/2025, University of Agriculture, Faisalabad.

Feed Formulation

White button mushroom powder was made from fresh healthy mushrooms
purchased through market. The fresh water mushrooms were washed to get rid of any dirt
and impurities. Next, the mushrooms were cut down into thin, uniform slices to ensure
they dried evenly. A food dehydrator/oven was utilized for drying mushrooms at
temperatures between 50—60°C for 68 hours (or for 2—-3 days if air-dried them) until they
were completely dry and brittle. After they were dried, the mushroom slices were blended
in a blender (or spice grinder) to create a fine powder and shifted it to eliminate any larger
particles. Finally mushroom powder was stored in an airtight container (Habib et al.,
2021). The prepared feed was then added to the experimental aquarium at final
concentration of 2% based on their body weight

Fish Sampling and Experimental Design

Rohu, ranging between 1.5g-7g were caught using netting from the freshwater
earthen pond at the University of Agriculture Faisalabad. A total of 80 Rohu fingerlings
were collected for experimental and control groups. All fish were healthy but to avoid any
infection the fishes were treated with 0.2% of KMnO4 solution and acclimatized for a
period of 48 hours according to the method of Habib et al. (2021) and then divided into
two groups: Control group fed with commercial feed, and the experimental group fed
with 2% WBM powder diet. The mean water quality parameters, including temperature
2442°C, DO, salinity, and pH, were measured by HANNAI-9146 and HANNA HI-8424,
respectively (Dawood et al., 2020).

Blood Sampling and Gut Health Parameters

Following the experimental diet, 0.4 cc of blood samples was taken from the
caudal vein of ten healthy, randomly chosen fish using a sterile syringe and a 22-gauge
needle. The samples were then kept at 4°C in plastic tubes with EDTA (an anticoagulant)
before being sent to the lab for prompt analysis (Torrecillas et al., 2011). Hemoglobin
concentration (Hb) and white blood cell (WBC), and red blood cell (RBC) counts were
performed in accordance with standard protocol (Houston, 1990). Differential WBC and

RBC counts were conducted Giemsa-stained blood smears. While the hemoglobin (Hb)
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concentration was measured using a spectrophotometer (Model RA 1000, Technicon
Corporation, USA) at 540 nm using the Blaxhall and Daisley (1973) method, the packed
cell volume (PCV, %) was calculated using the micro hematocrit method (Dawood et al.,
2020).

intestinal samples using sterile tools post-pithing, and storing them in 0.5 ml of
0.9% NaCl saline in Eppendorf tubes at 4°C according to the method of Sarma et al.
(2020). Nutrient agar was prepared by dissolving 18.75 g in 250 ml distilled water,
autoclaving at 121°C for 20 min, and pouring into sterile Petri dishes for microbial culture
by following the method of Atlas et al. (2010). After pouring nutrient agar into sterile
Petri plates and allowing it to solidify, the intestinal suspensions were inoculated and
incubated at 28-30°C for 24-48 hours to obtain visible bacterial colonies. Distinct
colonies were carefully examined for their morphological characteristics, such as size,
color, margin, and elevation.

Representative colonies were picked and subjected to Gram staining, followed by
microscopic observation to determine Gram reaction (positive or negative), bacterial
shape (cocci, bacilli, spirilla), and cellular arrangement (single, pairs, chains, or clusters).
For further identification, fresh and pure colonies (not the stained samples) were selected
from agar plates and inoculated into different biochemical media, including TSI agar,
citrate agar, SIM medium, and urease test, to assess their metabolic traits. The combined
results of colony morphology, microscopic examination, and biochemical profiling were
then compared with standard references to identify the bacterial species.

Statistical analysis

Blood test’s data and Gut microbial data was subjected to statistical analysis at the
end of trial. T-test was performed to compare the mean of two variables. The statistical
analysis was carried out using MS Excel (Software), and the significance level was

adjusted at a =0.05.

RESULT

Gut health

Total bacterial count CFU and total microbiological content of intestine sample of
rohu (Labeo rohita) cultured on three culturing medias viz., nutrient agar, tryptic soy agar,
and eosin methylene blue. Gut samples colony-forming unit (CFU) values showed that a

range of microbial communities cultivated on three distinct Agar media. The treatment’s

148



Mean+SD values revealed a considerable difference between control and experiment

group in terms of bacterial counts. Gut’s bacterial count was significantly greater in

experimental group (P<0.05) than in control group (Table 1).

Table 1. Total Viable Count of To and T1 on Different Media

T,-CFU T;-CFU P-Value Significance/NS
Media Mean+SD Mean+SD
Nutrient Agar 94.7+14.80 234.5+37.21 0.0001** Significant
Tryptic soy | 75.4+24.5 171.9450.33 0.0001** Significant
Agar
Eosine 107.2+£14.80 215.2437.21 0.0001** Significant
Methylene Blue

Bacterial Species Identification

Bacterial species isolated from the gut of Rohu fingerlings revealed a distinct
difference between control and WBM-fed groups (Table 2). The experimental group
showed a higher prevalence of beneficial bacteria such as Bacillus subtilis and
Enterococcus faecalis, while pathogenic bacteria, including Aeromonas hydrophila and
Staphylococcus aureus, were markedly reduced compared to the control group. These
findings suggest that supplementation of WBM feed promoted probiotic bacterial growth,
suppressed potential pathogens, and thus contributed to improved gut health, reflecting

the success of the feeding trial.

Table 2. Bacterial Species Isolated From Gut of Rohu in Control (To) and Experimental Group

qgentiﬁed Gram Morphology | Control Experimental | Role in fish
species reaction tank(To) tank(T)) health
Result Result
Bacillus Gram+ Rods Present Abundant Probiotic,
subtilis (moderate | growth enhances
growth digestion and
immunity
Aeromonas Gram - Rods High Reduced Opportunistic
hydrophila growth growth pathogen
causing gut
infections
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Enterococcus Gram + Cocci in | Low Moderate Probiotics,
faecalis chain presence growth improves gut
microbiota
balance
Pseudomonas | Gram - Rods Low Moderate Some strains
fluorescens growth growth are beneficial,
improve
nutrients
cycling
Staphylococcus | Gram + Cocci in | Moderate Low present Opportunistic
aureus clusters growth pathogen,
harmful in
excess

Haemato Biochemical Parameters

Haematological parameters such as RBCs, WBCs, Mean cell Hemoglobin,
Hematocrit, Mean cell volume were assessed at the end of trial, and data were analyzed
statistically by using T-test on MS Excel. Results show significant differences in each
parameter between control and experimental group. The results showed an elevation in
RBCs, WBCs, Hb, and MCH level of fish cultivated in the WBM-fed group. The results
are represented in graph below. These findings suggest that White Button Mushroom
(WBM) supplementation has a positive influence on the haematological profile of Labeo
rohita. Increased red blood cell counts and hemoglobin levels indicate better oxygen-
carrying capacity of blood, which ultimately supports enhanced metabolism and growth
performance

Similarly, the rise in white blood cell count reflects a strengthened immune
response, highlighting the immunostimulatory effect of mushroom-based feed. Elevated
hematocrit and mean cell volume further support the evidence of improved erythropoiesis
and better physiological status in experimental fish. Such improvements in blood
parameters are consistent with previous studies reporting the bioactive role of
mushrooms, especially due to their polysaccharides, antioxidants, and
immunomodulatory compounds. The enhancement of haematological indices is also an
indirect indication of reduced stress and improved gut microbiota balance in the WBM-

fed group, as healthy microbial flora contributes to nutrient absorption and overall health,
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Thus, the haemato-biochemical outcomes not only confirm the nutritional benefits of

WBM feed but also validate its importance in Aquaculture industry.
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Table 3. Total counts of different hematological parameters of Rohu

T, Ty P-Value Significance/NS
Parameter Mean+SD Mean+SD 0.0001** Significant
RBC (10%/ul) 0.27+0.14 1.307+0.27 0.0001** Significant
Hb (g/dL) 1.34+0.29 4.483 +0.53 0.0001** Significant
HCT (g/dL) 14.501£3.01 39.235+5.55 0.0001** Significant
MCYV (fL) 97.241+3.61 106.05+3.77 0.0001** Significant
MCH 17.06+£2.97 35.08+5.03 0.0001** Significant
MCHC (g/dL) | 26.93+0.912 39.176+0.89 0.0001** Significant
WBC (10°/ul) | 26.7+4.98 64.1+15.31 0.0001** Significant

The results indicated the mean RBC count in the treated group (T1) was 1.30 x

10/ul, significantly higher than the control group (To), which had a mean 0of 0.27 x 10%/pl,

similarly mean Hb count in (T1) is 4.48g/dL, which is higher as compare to (To) which

was 1.34g/dL. Mean WBCs counts in (To) was significantly lower then (T:) counts.

Hematocrit (Hct) and Mean Corpuscular Volume (MCV) were also high in experimental

group indicating enhanced immune response in Rohu. Bacterial colonies count of (T1)

cultured on nutrient agar was 234.5x 10° CFU, significantly higher then (To) counts,
which were 94.7x 10¢ CFU, similarly CFU counts of WBM fed group were higher in

tryptic soy agar and Eosin methylene blue.
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DISCUSSION

This study assessed how the food additive White Button Mushroom (Agaricus

bisporus) affected Labeo rohita's gut microbiota and hematological profile. The results
show that adding WBM significantly boosted fish health, as seen by higher bacterial
colony counts and improved blood parameters. The experimental group's gut microbial
numbers, as measured by CFU on TSA, NA, and EMB medium, were noticeably greater.
This implies that WBM stimulates the growth of gut microbes, possibly as a result of the
prebiotic properties of its fiber and polysaccharide content. The observed hematological
improvements are further supported by the critical function that a healthy gut flora plays
in nutrition absorption and disease resistance.
Red and white blood cell counts, hemoglobin concentration, hematocrit, MCV, and
MCHC were all significantly higher in the mushroom-fed group than in the control group,
according to hematological study. The elevated levels of RBCs and Hb suggest enhanced
oxygen-carrying capacity. These enhancements point to improved erythropoiesis,
increased oxygen delivery, and more robust immunological responses. Particularly, the
increase in WBC count suggests immune-stimulation, most likely brought on by bioactive
substances in WBM like B-glucans, which are known to strengthen innate immunity.
These results are in line with other research showing that fish given natural supplements
like spirulina or herbal extracts have better hematological condition.

It's interesting to observe that while growth performance is emphasized in many
mushroom research, the current paper emphasizes improvements in gut health and
immunity, which are equally important for sustainable aquaculture. Higher survival rates,
less susceptibility to disease, and increased production are all closely correlated with
improved haematological and microbiological characteristics. This is in line with the
rising demand for functional feeds that enhance animal comfort and farm profitability in
addition to meeting nutritional needs.

The enhanced health condition of L. rohita was probably influenced by the
biological activity of mushrooms, particularly their immunomodulatory and antioxidant
qualities. These findings are consistent with other studies using mushroom-based feed
additives. Aminzadeh et al. (2024) reported significant improvement in hematological
and immunological parameters in Huso huso fed with Agaricus bisporus. Zakariaei et al.
(2022) showed that button mushroom and probiotics synergistically enhanced gut
microbial composition and immune gene expression in zebrafish. White button

mushroom (4. bisporus) powder in fish feed improve both hematological indices and gut
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microbial health. This dual benefit positions WBM as a sustainable, natural
immunostimulant and feed additive for the freshwater aquaculture system.

Overall, the study's findings provide evidence to the idea that supplementing fish
with White Button Mushrooms enhances their immunity, haematology, and gut microbial
balance by means of its bioactive ingredients, especially B-glucans. Because of these two
positive aspects, WBM is a viable option for a functional feed additive in freshwater
aquaculture, potentially replacing or lowering the need for antibiotics. These results
support the inclusion of additives derived from mushrooms in commercial aquaculture
feeds and further the global trend towards sustainable and health-conscious aquaculture
methods.

However, it is important to recognize that the optimal inclusion level of WBM
was not varied in this study. Future studies could explore graded levels of WBM to

determine the Dosage-dependent effect.

CONCLUSION

The current study concludes that dietary supplementation of White Button
Mushroom (Agaricus bisporus) at 2% inclusion level significantly improved the gut
microbiota and hematological parameters of Labeo rohita. Enhanced RBCs, WBCs
Counts, hemoglobin level, and microbial colony counts indicate that WBM positively
influenced fish immunity, digestion, and overall health. These findings support the use of
WBM as a functional feed additive to promote fish welfare and reduce dependence on
synthetic antibiotics in Aquaculture. Given the natural immunomodulatory and
antioxidant properties of Mushrooms, they offer a promising alternative for sustainable
aquaculture practices. The outcome of this research opens new perspectives on
incorporating edible mushroom in aquafeeds, and further investigation are recommended

to explore dosage optimization and underlying molecular mechanism.
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Abstract: The worm Caenorhabditis elegans has a number of advantages, including lifespan,
reactive oxygen species, fecundity, germline cell apoptosis, population growth, and mitochondrial
membrane potential, as well as its ability to survive a wide range of environmental conditions,
making it a useful model organism for investigating the effects of natural compounds and plants.
Passiflora edulis Sims edulis (purple passion fruit) possesses high antioxidant activity due to its
high polyphenol content. Oxidative stress, caused by an imbalance between reactive oxygen
species (ROS) production and antioxidant defenses, is a key factor in cellular dysfunction and
degenerative diseases. Natural antioxidants, particularly polyphenolic compounds, have
demonstrated potential in mitigating oxidative damage. This study investigates the protective
effects of Passiflora edulis Sims f. edulis (passion fruit) extrac (PFE) on the nematode
Caenorhabditis elegans under low and high oxidative stress conditions. Synchronized L3-L4
nematodes were exposed to 0.5 mmol/L H20: for 30 minutes (low stress) or 60 minutes (high
stress) and subsequently treated with low (28 pL) or high (555 uL) doses of PFE. ROS levels,
survival rate, reproduction, and population growth were evaluated. Results indicated that low-
dose PFE reduced ROS levels and improved survival, while high-dose PFE increased ROS under
both stress and non-stress conditions. Reproductive capacity and population growth were
significantly enhanced by PFE, with dose- and stress-dependent effects. These findings suggest
that PFE exhibits adaptive hormetic effects at low concentrations and potential protective activity
against oxidative stress, whereas high doses may induce oxidative stress under certain conditions.

Keywords: Caenorhabditis elegans, Passiflora edulis, oxidative stress, ROS, reproduction,
survival

INTRODUCTION

Oxidative stress is a fundamental form of cellular stress that arises from an
imbalance between the production of reactive oxygen species (ROS) and the antioxidant
defense capacity, playing a central role in the etiology of numerous degenerative
pathologies (Spinelli et al., 2024; Remigante et al., 2024). Excessive ROS accumulation
disrupts cellular homeostasis by inducing extensive molecular damage, including lipid
peroxidation, protein oxidation, and DNA lesions. These molecular perturbations form

the biochemical basis for functional decline associated with cardiometabolic diseases,
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neurodegenerative syndromes, ischemic injury, and aging (Girotti and Korytowski, 2021;
Lv et al., 2025). While ROS at low levels serve critical signaling functions, their
overaccumulation triggers cell death pathways, thereby compromising tissue integrity and
organismal resilience (Pérez-Torres et al., 2017; Gu et al., 2020). Consequently, oxidative
stress represents a pivotal research focus for understanding both physiological regulation
and pathophysiological outcomes.

Natural antioxidants, particularly polyphenolic compounds, have garnered
increasing scientific interest due to their potential to mitigate the biochemical
consequences of oxidative stress. Plant-derived antioxidants exhibit diverse mechanisms,
including free radical scavenging, metal ion chelation, and modulation of signaling
pathways, making them attractive candidates for both therapeutic interventions and
functional food development (Imtiaz et al., 2023). Despite the traditional use of many
medicinal plants, the mechanistic basis of their biological effects and their impact at the
organismal level remain incompletely understood.

Fassiflora edulis Sims f. edulis has historically been recognized for its sedative
and anxiolytic properties, while recent studies highlight its anti-inflammatory and
antioxidant potential (Petry et al., 2001; Dhawan et al., 2004; Coleta et al., 2006;
Montanher et al., 2007). The phenolic profile of Passiflora species is enriched with
flavonoids and other polyphenolic compounds that exhibit strong antioxidant activity
(Ferreres et al., 2007; Zeraik and Yariwake, 2010). However, in vivo data on the effects
of fruit extracts under oxidative stress in model organisms are limited, particularly
regarding how biological resilience is modulated under low versus high oxidative stress
conditions.

Caenorhabditis elegans, as a genetically well-characterized model organism,
offers unique advantages for investigating oxidative stress biology. Its genome contains
orthologs corresponding to approximately 60-80% of human genes and conserves many
signaling pathways involved in aging, apoptosis, metabolic regulation, and stress
responses (Guarente and Kenyon, 2000; Lant and Storey, 2010). Moreover, its transparent
body plan, short life cycle, and low maintenance cost allow real-time in vivo monitoring
of ROS accumulation and oxidative damage (Kaletta and Hengartner, 2006). These
features make C. elegans an ideal system for evaluating the biological effects of natural

antioxidants. Although flavonoids and other plant-derived compounds have been largely
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studied in vitro for their modulation of cellular stress mechanisms, the in vivo relevance
at the whole-organism level remains largely unexplored.

In this study, examining the potential of Passiflora edulis fruit extract to enhance
organismal resilience under oxidative stress using nematode models can provide valuable
insights both mechanistically and for potential functional applications. The aim of the
present study is to systematically evaluate the effects of Passiflora edulis fruit extract on
survival and ROS accumulation in C. elegans under low and high oxidative stress
conditions. Such analyses are intended to elucidate the modulatory capacity of the fruit
extract on oxidative stress tolerance, addressing a significant gap in the literature

regarding the biological efficacy of natural antioxidant compounds.

MATERIAL AND METHOD

Material

Caenorhabditis elegans N2 strain (wild-type Bristol) was obtained from Istinye
University. All other laboratory materials were sourced from the Department of Molecular
Biology and Genetics, Ordu University, and passion fruit (Passiflora edulis) was locally
procured from Antalya, Turkey.

C. elegans Culture

In this study, the N2 wild-type strain of C. elegans was used. Nematodes were
maintained on Nematode Growth Medium (NGM) and fed with Escherichia coli OP50
under standard culture conditions at a constant temperature of 20°C. Synchronized
populations were generated by washing NGM plates containing predominantly gravid
adults. To obtain synchronized nematodes, adult worms were treated with a bleaching
solution (1 N NaOH and 5% sodium hypochlorite) and gently vortexed every 2 minutes
over a total period of 10 minutes. The solution was then centrifuged, and the supernatant
containing lysed worm debris was removed, leaving behind an egg pellet. The egg pellet
was washed three times and resuspended in M9 buffer. Eggs were incubated with gentle
agitation for approximately 12 hours to hatch and establish a synchronized population.
Larvae at the L3-L4 stage were subsequently used for all experimental assays.

Preparation of Passion Fruit Extract (PFE)

Prior to extraction, passion fruits were thoroughly washed and crushed together

with their seeds using a mortar and pestle. The fruit material was then subjected to
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methanol treatment and extracted using a Soxhlet apparatus for approximately 6 hours.
Following extraction, the methanolic extract was concentrated under reduced pressure
using a rotary evaporator, ensuring complete removal of methanol. This process yielded
approximately 3 mL of a semi-solid extract. The obtained extract was stored at -20°C until
further use. For experimental applications, the extract was diluted with distilled water to
prepare working solutions at two different concentrations: a high-dose group containing
555 uL and a low-dose group containing 28 uL of extract.

Experimental Groups and Stress Application

Experiments were organized into three main groups:

Control groups (CG1—CGs): unstressed nematodes, some treated with low or high
dose PFE.

Low stress groups (LDS): nematodes exposed to 0.5 mmol/L H20: for 30 min,
followed by PFE treatment.

High stress groups (HDS): nematodes exposed to 0.5 mmol/L H20: for 60 min,
followed by PFE treatment.

After H20: exposure, nematodes were washed with M9 buffer, and PFE treatment

was applied for 24 hours. All groups were incubated at 20°C.

Table 1. Indicating Treatment Regimen Plan for Experimental and Control Groups

Group Control (no stress) High Stress (H20:) Low Stress (H20-)
LDS
CG NGM only HDS
NGM + High Dose PFE (HD
CG: HDS + HD PFE LDS + HD PFE
PFE)
CGs NGM + Low Dose PFE (LD PFE) HDS + LD PFE LDS + LD PFE

NGM: Nematode Growth Medium, PFE: Passion Fruit Extract (Passiflora edulis), HD: High Dose, LD:
Low Dose, HDS: High Duration Stress (60 min H2O: exposure), LDS: Low Duration Stress (30 min H20:
exposure)

Passiflora Extract Treatment Protocol

In the experiments, methanolic extract obtained from fresh Passiflora edulis Sims
f. edulis fruits was used as the therapeutic agent. The extract was applied at two
concentrations: 555 pL for the high-dose group and 28 pL for the low-dose group.
Hydrogen peroxide (H202, 1% w/v, 0.5 mmol/L) served as the oxidative stress inducer.

Nematodes in the high-stress groups were exposed to H20: for 60 minutes, whereas
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nematodes in the low-stress groups were exposed for 30 minutes. Following exposure,
nematodes were carefully washed with M9 buffer to remove residual H>O-. Immediately
after washing, nematodes in the experimental groups were treated with the passion fruit
extract for 24 hours. Control groups were treated with the extract for 24 hours without
prior washing. All experimental and control groups were incubated at 20°C throughout
the treatment period.

DCFH-DA Assay for Intracellular ROS Levels in C. elegans

Intracellular reactive oxygen species (ROS) levels in C. elegans were measured
using the molecular probe H.DCFDA (2’,7’-dichlorodihydrofluorescein diacetate),
following previously described protocols with minor modifications (Liao et al., 2011;
Yang et al., 2013; Yoon et al., 2018). In this assay, non-fluorescent DCFDA permeates the
cells and is oxidized by intracellular H-O2 to form the fluorescent compound 2°,7’-
dichlorofluorescein (DCF), which is then quantified using a fluorescence reader. Briefly,
adult worms from the experimental groups (exposed to H2O: stress and subsequently
treated with passion fruit extract) and control groups were incubated in 6-well plates
containing 50 pM H.DCFDA in M9 buffer at room temperature for 30 minutes in the
dark, in triplicate. Following incubation, fluorescence intensity was measured with
excitation at 485 nm and emission at 528 nm to assess ROS production.

Visualization of Ros Production in c. elegans Using Fluorescence Microscopy

For fluorescence imaging, worms from both control and experimental groups were
incubated in 6-well plates containing 50 uM HDCFDA in M9 buffer at 37°C for 1 hour
in the dark, with three replicates per group. Following incubation, nematodes were
carefully washed with M9 buffer to remove excess dye. Fluorescence imaging was
performed using a Nikon Eclipse Ni fluorescence microscope, ensuring consistent
exposure time, magnification, and light intensity across all samples. Multiple regions of
each nematod were imaged to obtain representative data.

Lethality (Survival Rate) Assay

The survival rate of C. elegans was assessed to evaluate the effects of low and
high H-0O: exposure followed by treatment with passion fruit extract (PFE) (Zhang et al.,
2018). For this purpose, synchronized adult nematodes (L4 stage, 5+ 1 worms per well)
were transferred into 24-well plates containing Nematode Growth Medium (NGM).

Escherichia coli OP50 served as the food source. Nematodes were incubated at 20°C for
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7 days. Every 24 hours, each well was examined under a dissection microscope to count
live and dead nematodes. Survival was determined based on the worms’ motor response
to mechanical stimulation (platinum wire touch) (Dhawan et al., 1999). Nematodes that
were immobile and unresponsive to the stimulus were considered dead. The survival rate

was calculated using the following formula (Zhang et al., 2018):

Number of surviving nematodes

Survival rate of C.elagans = ( >x100

Total number of nematodes

Reproduction Assay

Reproductive performance of C. elegans was evaluated using a 72-hour assay as
described by Dhawan et al. (1999), with minor modifications. Test solutions were
prepared from three experimental groups treated with either high or low doses of PFE,
alongside a control group. For each well, a single worm from an age-synchronized culture
was transferred into 5 pL of the respective test solution. Nine wells were assigned per
concentration, and all treatments were conducted under identical conditions to those used
in the lethality assay. After 96 hours, the total number of offspring, including all
developmental stages beyond the fifth generation, was recorded. For each experimental
condition and control group, the mean number of offspring across the nine wells was
calculated, and the entire assay was repeated three times to ensure reproducibility.

Population Growth Assay

The population growth of C. elegans was assessed to evaluate the potential
restorative effects of PFE following exposure to low and high H20:-induced oxidative
stress (Dhawan et al., 1999). Age-synchronized L4 stage nematodes were transferred to
24-well NGM (Nematode Growth Medium) plates at a density of 20 nematodes per well
(Corsi et al., 2015). Escherichia coli OP50 was used as the food source. Experimental
and control groups were subjected to the respective stress and treatment regimens as
described in Table 1, with control groups remaining unexposed to H.O.. All plates were
incubated at 20£1°C for 5 days. On day 5, the total number of live individuals in each
well, including parent nematodes, larvae, and offspring, was counted under a
stereomicroscope. Nematodes from each well were collected into 2 mL of M9 buffer,
homogenized carefully, and 5pL aliquots were taken for counting under a
stereomicroscope. Counts were performed separately for each group, and the average

across three replicates was calculated. All measurements were conducted on the same day
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by the same investigator to minimize variability. Population growth was expressed
relative to the initial number of nematodes using the following formula (Zhang et al.,

2018).

Observed live nematodes — Initial nematodes

Population Increase (%) = Titial nematodes x 100

Statistical Analysis

All measurements, including ROS levels and other experimental parameters, were
analyzed using IBM SPSS Statistics version 26. Differences between groups were
assessed using one-way analysis of variance (ANOVA), followed by Tukey’s post hoc
multiple comparison test when significant differences were detected. A p-value of <0.05

was considered statistically significant.

RESULTS

Measurement of ROS Levels as an Oxidative Stress Biomarker

In this study, the in vivo model organism Caenorhabditis elegans was subjected
to oxidative stress by exposure to 1% H20: (0.5 mmol/L) for low (30 min) and high (60
min) durations. The protective potential of Passiflora edulis fruit extract (PFE) was
subsequently evaluated at both high and low concentrations to assess its capacity to

mitigate oxidative stress-induced damage.
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Figure 1. Reactive oxygen species (ROS) levels estimated by the H.DCFDA assay in
wild-type (N2) Caenorhabditis elegans strains. The data obtained are the average of three
replicate samples. Error bars with different letters indicate that the means are significantly
different at the 95% confidence level (P<0.05).
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Intracellular ROS levels were measured as a biomarker of oxidative stress, and
the results are presented in Fig. 1. Among the three control groups (CGi, CGz, and CG3),
which were not exposed to H.02, ROS levels were markedly lower compared to the
experimental groups. Within the control groups, the lowest ROS levels were observed in
individuals treated with low-dose PFE. Conversely, high-dose extract treatment in CG;
led to increased ROS levels compared to other control groups, suggesting that PFE may
exert a dose-dependent biphasic effect-reducing oxidative stress at low concentrations
while inducing stress at higher concentrations. In the experimental groups, different
combinations of H20: exposure and extract dosage were evaluated. The highest ROS
levels were observed in nematodes exposed to prolonged H-O: treatment (high stress, 60
min) combined with high-dose extract, followed by worms exposed to short H.O:
exposure (low stress, 30 min) with high-dose extract. Notably, the duration of H.O:
exposure alone (30 and 60 min) did not significantly affect ROS production, indicating
that the high-dose PFE, rather than H.O: exposure duration, was primarily responsible for
the observed increase in ROS. In other words, the extract acted as an additional pro-
oxidant both in the presence and absence of H.0O2. ROS levels across groups were ranked
as follows: HDS + HD PFE > LDS + HD PFE > HDS + LD PFE > LDS + LD PFE >
CG2 > CG1 > LDS > HDS > CG3. Statistical analysis revealed significant differences
among all groups, including the controls (P<0.05). These findings indicate that high-dose
PFE induces oxidative stress, whereas low-dose extract exerts a protective, stress-

reducing effect in C. elegans (P<0.05).

Fluorescence Microscopy Visualization of ROS Production

Figure 2. Fluorescence microscope images of the oxidative stress on the C. elegans (50
um). (A) HDS + HD PFE (B) LDS + HD PFE (C) HDS + LD PFE (D) CG; (E) HDS (F)
CG
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Fluorescence microscopy analysis revealed a pattern of ROS production that
closely mirrored the quantitative ROS measurements. As shown in Figure 2, except for
panels D and E, nematodes exhibited strong green fluorescence, corresponding to the
localization of oxidative stress as stained by the H-DCFDA probe. Visual assessment of
fluorescence intensity indicated that the duration of H2O: exposure (short and long) did
not produce notable differences in ROS generation. In contrast, nematodes treated with
high concentrations of Passiflora edulis fruit extract, including those in the control group
CGa, exhibited markedly increased fluorescence intensity, suggesting enhanced ROS
accumulation in response to the extract at high doses.

Effect of Extract and H:0: Stress on C. elegans Population Growth

The variation in offspring number in C. elegans, depending on the dose of

Passiflora Fruit Extract (PFE) and the duration of H2O:-induced stress, is shown in Figure

3.
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Figure 3. Population growth of C. elegans is influenced by Passiflora Fruit extract (PFE)
concentration and H2O2-induced stress. Results from the experiments in which nematodes
were incubated for 7 days under H-O: exposure followed by treatment with PFE are
presented. Treatment with PFE enhanced nematode reproductive output. Additionally, the
extract exhibited a dose-dependent mitigation of oxidative stress. Different letters indicate
statistically significant differences between group means as determined by one-way
ANOVA (P<0.05) followed by Duncan’s Multiple Range Test (DMRT; a = 0.05). Error
bars represent standard deviations (n=3).

Individuals exhibited significant variability in reproduction based on both the
H20: exposure period and PFE concentration. Both the control groups (without H2O:

exposure) and the groups treated with PFE following H20O: stress showed a significant
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increase in population size (P<0.05). Population growth was influenced by both the
duration of H20: exposure and the PFE concentration. In groups exposed to H20., the
number of live nematodes was markedly reduced. However, PFE treatment following
H-0: exposure resulted in increased survival. Notably, in groups exposed to prolonged
H:0: stress, nematodes treated with a high PFE dose exhibited fewer live individuals
compared to those treated with a low PFE dose, indicating that while PFE has a restorative
effect, its efficacy decreases at higher concentrations. Specifically, nematodes exposed to
prolonged H:0: stress responded better to low-dose PFE treatment than to high-dose
treatment. Conversely, in groups exposed to short-term H:O: stress, high-dose PFE
treatment resulted in a substantial increase in live nematodes. These results collectively
suggest that PFE possesses a strong restorative effect on nematode population growth
under oxidative stress conditions.

Effect of Passiflora Fruit Extract on C. elegans Survival Under Oxidative Stress

In the survival analysis of Caenorhabditis elegans, exposure to high-duration
H20: stress (HDS) resulted in severe toxicity, markedly reducing survival rates (Figure

4).

Survival Rate (%)
801

60

Control Groups Higl‘1 Stress Low Stress

Figure 4. Survival Rate (%) of Caenorhabditis elegans after 1% 0.5 mmol/L H202-
mediated oxidative stress. Different population groups were exposed to low and high
duration H,O, before being treated with high and low doses of passiflora fruit extract.
Untreated populations were used as controls (n =20). Data are presented as mean survival
percentage (P<0.05).

Treatment with PFE at both high and low doses significantly improved survival
compared to untreated nematodes under HDS conditions (P<0.05), indicating a protective
or anti-stress effect of PFE under severe oxidative stress. Under low-duration stress
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(LDS), PFE treatment also enhanced survival at both doses, with the high-dose PFE group
exhibiting the highest survival percentage. These findings suggest that PFE may induce
an adaptive or mild hormetic response under mild stress conditions. Among the control
groups, CG displayed the highest survival, whereas CG> and CG3 showed significantly
reduced survival rates, indicating that in the absence of oxidative stress, PFE may exert a
mild toxic or nutrient-disturbing effect. Overall, these results demonstrate that PFE exerts
a condition-dependent effect: protective under oxidative stress, yet potentially deleterious

in stress-free environments.

DISCUSSION

In this study, the biological effects of Passiflora edulis Sims f. edulis fruit extract
(PFE) were systematically investigated in Caenorhabditis elegans under low and high
oxidative stress conditions. The findings indicate that PFE exerts significant effects on
ROS production, survival, and reproduction, depending on both extract concentration and
stress duration. ROS measurements and fluorescence microscopy images revealed that
high-dose PFE increased ROS levels in nematodes, regardless of whether they were
exposed to H20: stress or not. This suggests that PFE can exhibit pro-oxidant properties
at high concentrations, indicating that the biological effects of the extract are dose- and
environment-dependent. In contrast, low-dose PFE demonstrated antioxidant activity by
reducing ROS levels under both stressed and control conditions. These results are
consistent with previous reports in the literature that flavonoids and polyphenolic
compounds can exert hormetic effects (Imtiaz et al., 2023). Previous studies support the
antioxidative potential of P. edulis. Sunitha and Devaki (2009) reported strong radical
scavenging activity of P. edulis leaf ethanol extracts using DPPH assays. Similarly,
methanolic extracts of P. edulis fruit and peel reduced neutrophil-mediated ROS
production and myeloperoxidase activity, indicating anti-inflammatory and antioxidant
effects in vitro. In vivo studies in rats further showed that consumption of P. edulis
byproducts enhanced glutathione reductase activity and reduced oxidative damage (da
Silva et al., 2014; Cazarin et al., 2015). Additionally, methanolic extracts of P. edulis fruits
demonstrated broad antioxidant activity (DPPH, ABTS, FRAP, CUPRAC) as well as
potential anticancer properties, emphasizing the bioactive potential of the fruit (Badalova

et al., 2021).
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Our findings in C. elegans align with previous studies using this model organism
to assess antioxidant activity and stress resistance. For example, the leaf extract of
Garcinia atroviridis was reported to enhance both heat and oxidative stress resistance and
modulate stress-response gene pathways in C. elegans (Chuaijit et al., 2024). Classical
polyphenols, such as curcumin and resveratrol, also demonstrate similar effects in
nematodes, reducing ROS accumulation, enhancing survival under oxidative stress, and
extending lifespan (Chen et al., 2013; Xu et al., 2023). Furthermore, Cassia fistula
extracts improved oxidative stress resistance and survival in C. elegans, confirming the
generalizability of plant-based antioxidant interventions in nematode models (Thabit et
al., 2018). Comparing our results with these studies, several parallels emerge. First,
similar to curcumin, resveratrol, and Cassia fistula, PFE at low doses enhanced ROS
scavenging and survival in stressed nematodes. Second, our observation that high-dose
PFE can increase oxidative stress is reminiscent of hormetic responses reported for other
polyphenols, where excessive doses may paradoxically induce mild stress. Third, PFE
treatment also promoted reproductive output and population growth, consistent with the
notion that antioxidants can mitigate stress-induced reproductive impairment in C.
elegans.

Overall, our data corroborate the established antioxidant properties of P. edulis
and extend these findings by demonstrating its efficacy in a whole-organism in vivo
model. The differential effects of low and high doses underscore the importance of
optimizing extract concentration to maximize protective benefits while avoiding potential
pro-oxidant effects. These results contribute to a growing body of evidence supporting
the use of natural fruit extracts as modulators of oxidative stress, survival, and

reproductive health in model organisms.

CONCLUSION

This study demonstrates that Passiflora edulis fruit extract (PFE) exerts dose- and
stress-dependent effects on Caenorhabditis elegans under oxidative stress. High-dose
PFE significantly elevated ROS levels in both stressed and non-stressed nematodes,
indicating potential pro-oxidant activity, whereas low-dose PFE consistently reduced
ROS, showing strong antioxidant properties. Survival analyses revealed that PFE
improved nematode viability under both low and high oxidative stress, with the greatest

benefit observed at low stress and moderate extract concentrations. Population and
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reproductive assessments further indicated that PFE mitigates the detrimental effects of
oxidative stress, although excessively high doses following prolonged stress were less
effective, suggesting a hormetic response. Overall, these findings highlight the dual
nature of PFE: protective at low doses, yet potentially pro-oxidant at high doses,
emphasizing the importance of optimal dosing for achieving maximal antioxidant and
restorative effects.
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Abstract: Proanthocyanidin found in the grape seed (Vitis vinifera) have an ameliorating effect
for fish health. Ctenopharyngodon idella (grass carp) is an important species of aquaculture
having significant economic value, and Carassius auratus (goldfish) is a potential aquarium fish
species. This research work was conducted to study the growth and blood parameters of C. idella
and C. auratus after administration of grape seed extract (GSE) for about 60 days. Total 150
fingerlings of C. idella and C. auratus were taken and divided into two groups, each group with
25 specimens, randomly placed for unbiased results. Experimental groups were fed with V.
vinifera extract at 2.75% body weight of fish, and the control group with 100% commercial basal
diet. The length and weight of fishes were noted throughout the trial period, keeping the
physicochemical parameters of water in optimum ranges. The results showed an increase in values
between groups as survival rate (96%), increase in fork length (1.17, 3.67 cm), weight gain (4.9,
11.8 g), FCR (0.0227, 0.0093), SGR (8.88, 9.44), and the improvement in the count of RBCs
(10.5, 7x10%uL), WBCs (46.8, 4.6x10°/uL) and Hb (9.25, 6.5 g/dL) for the grass carp and
goldfish, respectively. Statistical analysis under CRD showed that Grape Seed extract had a
significant effect on these parameters, as the p-value was less than alpha (0.05%). Thus, grape
seed extract (GSE) proved to be a potential growth and immunity enhancer for fish.

Keywords: Aquaculture, feed additive, grass carp, goldfish, grape seed extract, proanthocyanidin

INTRODUCTION

Aquaculture is rapidly expanding in the world, which provides foodstuff. It is
growing and developing in all parts of the world (Subasinghe et al., 2009). Ornamental
fish are traded worldwide each year (Stickney and Gatlin, 2022). One of the fundamental
sources of animal protein is fish, which provides about 26.2% animal protein (Hassan et

al., 2021). There are 193 species of fish that inhibit freshwater in Pakistan. Fish is a source
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of protein and minerals (Rafique and Khan, 2012). Aquaculture is the cultivation of
marine plants or animals that has been developed continuously since 1970, and the fish
that it produced at that time was 3.9 %. More than 90% of aquaculture takes place in
developing countries, and it is a source of diet for the poor people there. According to
Food and Agricultural Organization (FAO), fish production from farming in Asia is about
84% of the total production (FAO, 2022). Aquaculture is anticipated to produce fifty
percent of the world's food in the next 2 decades (Pullin, 2006). In 2016, countries in Asia
made for roughly 89% of the world's output. Despite continuing to be the top producers
until the 1970s, the majority of the wealthy nations have contributed very little to the blue
revolution (Garlock et al., 2020).

Aquatic specie Ctenopharyngodon idella, locally known as grass carp, is a chief
specie of aquaculture that have much economic value (Cudmore and Mandrak, 2004).
Grass carp is a herbivorous fish and is capable of controlling aquatic vegetation, providing
potential benefit to the aquatic system. A large amount of information has been issued on
the grass carp, as it was used to control aquatic plants globally, as in Arkansas, after 10
years, the use of C. idella in the management operation kicked off the vegetative burden,
as more than 50 genera of macrophytes and algae are consumed by C. idella (Dibble and
Kovalenko, 2009). The grass carp, as an economically significant herbivorous fish, has a
wider global distribution and is becoming more widely recognized for its ecological
contributions discussed (Li et al., 2023).

The Goldfish, Carassius auratus (Cypriniformes: Cyprinidae), is one of the
ornamental fish species that is traded the most, internationally. It is native to Asian rivers
and lakes, were most likely brought to Japan in 1502 by way of China. C. auratus is
highly sought after ornamental cyprinid fish that is marketed in over 100 countries. At
least 2000 years ago, these were first kept in China, where they were mainly reared for
food (Brown et al., 2018). Goldfish normally grow to be 15 to 20 cm in length and have
a lifespan of six to seven years. The ideal pH range for them is 5.5 to 7.0 (Blanco et al.,
2018).

In addition to being a great source of vitamins and fibre, proanthocyanidins, a type
of polyphenol, are abundantly found in the grape seeds (Vitis vinifera). These compounds
can be employed as functional ingredients to treat a variety of health conditions by
enhancing the body's natural bioprocesses. Since grape seeds are a byproduct of wine
firms, they are readily available commercially. Grape seed extract (GSE) is richest in

polyphenolic chemicals and it has anti-inflammatory, antibacterial effects, and it also
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obstruct the lipid oxidation, an important perspective for food safety (Gupta et al., 2020).
Due to the presence of proanthocyanidin in the grape seed extract it has gained the
attention of the user and it influenced the health of organisms also. Proanthocyanidin has
an antioxidant effect and it regulates the immune response with decreased platelet
aggregation (Kwatra, 2020).

Grape seed extract or V. vinifera is a flavonoid polymer and polyphenolic in nature
(Nazima et al., 2015), an antioxidant that kills viruses, bacteria, and inhibits programmed
cell death or apoptosis (Gao et al., 2014). Phytochemicals have been used as healing
additives in aquaculture, and they perform physiological function in aquatic animals
(Zhu, 2020). In the winery and grape juice industory, V. vinifera production takes place.
Phenolic compounds in V. vinifera include lipids, fatty acids, carbohydrates, amino acid,
proanthocyanidin, and polymerized oligomers, etc. GSE also protects fish against DNA
damage and excess free radicals formation. Additionally, it has to increase body weight,
reduced immune-mediated injury, as well as oxidative spleen damage in fish. GSE
supplemented diets in fish enhance antioxidant capacity and growth rate (Jahanbakhshi
etal., 2023).

GSE proved to be a potent growth enhancer that improves basically the feed
efficiency in fish and other livestock animals if appropriate dosages are incorporated in
diets of animals (Mehrinakhi et al., 2021). Proanthocyanidins found in it has strong
antioxidant, anti-inflammatory and it may act as digestive enzymes booster that ultimately
leads to better growth and health of fish. Many studies proved an elevation in red blood
cell count, haemoglobin, and other blood parameters after low-to-moderate GSE
administration (Jahanbakhshi et al., 2023; Abdulrahman et al., 2013; Al-Atbee and Al-
Niaeem, 2021)

Researchers have found V. vinifera potential in enhancing fish physiology and
digestive capabilities, accessing the beneficial role of proanthocyanidins. But specifically,
the effect of grape seed extract on the growth and immunity of C. idella and C. auratus

in a system is not well studied before.

MATERIAL AND METHOD

Location

The present research was accomplished at Fisheries Research Farm located at
Department of Zoology, Wildlife and Fisheries, University of Agriculture Faisalabad in
a two month span period from 19-12-23 to 20-02-24.
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Investigatory Species

Grass Carp (Ctenopharyngodon idella) and Goldfish (Carassius auratus) was the
experimental specimens used. Local Ethics Committee principles have been followed
with ethical approval number 3301-04 dated 16/02/2024, University of Agriculture,
Faisalabad.

Experimental Trial

150 fingerlings of both species C. idella and C. auratus with an average weight
of 4.25-6.5g were taken from Fisheries Research Farm, Department of Zoology, Wildlife
and Fisheries, University of Agriculture, Faisalabad, and were acclimatized for 48 hours.
Two groups of Grass Carp and two groups of Goldfish (experimental and control) were
made with randomized aquarium placement of fishes for unbiased results in triplicates.
Aquariums were provided with full aeration, and other water quality parameters were
maintained throughout the experiment period.

Trial Diets

Grape seed extract was used as the experimental diet, according to 2.75% of the
body weight of fishes, and 100% commercial basal diet was given to the control group of
fishes. Commercially available grape seed extract powder (95% proanthocyanidins) was
obtained from an e-commerce platform, Daraz, with brand name Scitonics, and added to

the fish diet. Typical nutrient composition of GSE available is mentioned below in Table

1.

Total weight of fish samples x Feeding rate at 2% body weight 57
100 o

Amount of feed/Day in grams =

Table 1. Grape seed extract (GSE) nutrient composition

Typical range
Parameter (per lgg)g GSE p%wder)
Total polyphenols 70-90g gallic acid equivalent (GAE)
Proanthocyanidins extract 50-80g catechin equivalent

Moisture 3-8%

Ash 1-3%
Total sugars <5
Proteins <2
Lipids <1

Blood Collection and Haematological Parameters
Blood samples from the caudal vein of fish were taken as samples at the end of

the trial, kept in sterile tubes, and labeled accordingly for analysis. A hemocytometer was
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used for total RBCs and WBCs counts with the standard protocol mentioned by Parida et
al. (2011). One portion of the sample, treated with EDTA, was used to determine
hematological parameters, and differential staining was performed to count leukocytes.
The other portion was clotted, centrifuged, and stored for measuring total plasma protein
and albumin. The other hematological parameters, such as MCV, MCHC, and MCH,
were analyzed using the method followed by Saravanan et al. (2011).

Growth Parameters

Growth parameters such as length gain, weight gain, specific growth rate (SGR),
and feed conversion ratio (FCR) were calculated.

Weight Gain (g) and Length Gain (cm) Calculation

Weight gain was calculated by subtracting the initial weight from the final weight,
and Length was calculated by subtracting the initial length from the final length.

FCR and SGR Calculation

Feed conversion ratio (FCR) and Specific Growth Rate (SGR) was calculated by
using the following formulas:

Feed Conversion Ratio = Feed given (dry weight)/ body weight gain (wet weight)
% SGR = In (final weight) — In (initial weight) + time duration in days % 100

Physicochemical Parameters of Water

Since physicochemical parameters play an important role in the survival of fish,
all those major indicators were regulated and noted regularly during the whole period.

For the determination of pH, a Microprocessor pH meter (HANNA-HI-8424) was
used after setting its range at the pH point. Water temperature and dissolved oxygen (DO)
was recorded by using a microprocessor meter (HANNA-HI, 9146). The sensor of the
meter was dipped into the water surface to directly measure the concentration of dissolved
oxygen (DO).

Statistical Analysis

The data was subjected to statistical interference using Minitab software at the
end of the research analysis. The results were compared to get the final interpretation by

using two factor factorial in Completely Randomized Design (CRD)

RESULTS
Physio-chemical Parameters
Estimation of physio-chemical parameters of water quality is an essential

indicator of fish health, as fish is an ectothermic chordate and is dependent on its
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environment, i.e., water. Thus, the values for pH, DO, temperature, total hardness
(bicarbonates and carbonates), and total alkalinity of water under Ty and T were noted
throughout the period, and the average mean+SD was calculated and is shown in Table

2.

Table 2. Mean+SD of different physicochemical parameters

pH DO Temperature | Carbonates | Bicarbonates Total
(mgL™ (°C) (mgL™" (mgL™ AlKkalinity
(mgL™)
To | 7.79£0.3 | 7.61£2.1 | 28.11+2.8 115.7+£16.8 120+9.5 145.4+7.9
Ty | 72404 6.0+0.5 27.0+1.5 70.0+14 79.0+£6.9 120.0+£6.6

+: Standard Deviation

Fish Growth Studies

Growth metrics of Grass Carp (C. idella) and Goldfish (C. auratus) fed with Grape
seed extract (V. vinifera) was examined by accessing the following parameters, and are
shown in Table 3 and Table 4.

Increase in the Weight (g) and the Fork Length (cm)

The increase in weight in Goldfish was recorded as 11.8 grams and 4.9 grams in
grass carp (experimental group). At the start of the experiment, the average fork length
of the C. idella was 2 cm, and at the end of the trial period, it was 3.17 cm, so the increase
in fork length of C. idella was 1.17 cm. The average fork length of the C. auratus at the
start of the experiment was 3 cm, and at the end of the trial period, it was 6.67 cm, so the
increase in the fork length of the C. auratus was 3.67 cm.

Feed Conversion Ratio (FCR)

Feed conversion ratio evaluated the best performance of fingerlings in
experimental group S2 (1.21£0.005) as compared to its performance in the control group
of S2 (1.857 £0.005). S1 also exhibited significant results in terms of FCR, as shown in
Table 3.

Specific Growth Ratio (SGR) (%)

The specific growth rate (SGR) under the control group (TO0), S2 exhibited the
lowest SGR (1.27+0.005), while S1 showed a comparatively higher value (1.72+0.007).

In contrast, the experimental treatment (T1) resulted in a marked increase in percentage
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SGR for both species, reaching 4.03+1.73 in S1 and 4.81 = 2.04 in S2, as shown in Table
3.

Survival Rate
Survival Rate Percentage for C. idella and C. auratus was about 96 percent. Fish
mortality for both species remained lowered throughout the trial period, specifically in

the experimental group than in the control, as shown in Table 3.

Table 3. Mean+SD for growth performance parameters the C. idella (S1) and C. auratus (S2)

To T
Parameters
Si S, St S
Weight Gain 1.065+0.005 5.425+0.100 4.822+0.080 11.75+£0.129
Fork Length Gain 0.625+0.129 1.708+0.228 1.025+0.115 3.585+0.081
FCR 2.022+0.016 1.857+0.005 1.703+0.002 1.211+0.005
SGR (%) 1.724+0.007 1.274+0.005 4.03+1.73 4.81+2.04
Survival Rate (%) 82 85 95 96.5

FCR: Feed conversion ratio, SGR: Specific growth rate; +: Standard Deviation

Table 4. Analysis of growth performance parameters of experimental treatments under CRD

Source DF Weight (g) Fork FCR SGR
Length
(cm)
Specie 1 14540.58 894.51 81266.74 s
(<0.001%) | (<0.001%) | (<0.001%) | 0-48(0-497%)
Treatments 1 11612.62 135.84 62754.81 22.13
(<0.001*) (<0.001%*) (<0.001%*) (<0.001*)
Specie*Treatments 1 751.20 135.84 71452.83 ns
(<0.001%) | (<0.001%) | (<0.001%) | 044 (0-317%)
Error (residual sum | 12
of square)
Total (N-1) 15

Values represent F-statistics with corresponding p-values in parentheses. Significant effects are observed
at p<0.05. £: Standard Deviation; * = significant, ns = not-significant

Blood and Immunological Parameters
Immunological parameters like red blood cell (RBCs) count, white blood cell
(WBCs) count, haemoglobin, mean cell volume (MCV), mean cell hemoglobin

concentration (MCHC), lymphocyte, monocyte, granulocyte, and PLT were accessed and

are shown in Table 5.
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Table 5. Mean+SD for the Blood Parameters and Immunity of C. idella (S:) and C. auratus (S>)

Parameters To Ty
Si S, Si Sz
RBCs Count 1.25+0.25 2.85+0.05 11.75+1.639 9.8125+0.205
(RBCsx10° pL)
Hb Count (g/dl) 1.317£0.157 1.458+0.334 10.2916+0.293 | 8.041+0.271
MCYV Level (1) 109.75+0.75 87.036+£0.128 149.33+0.781 | 105.11+0.071
MCH (pg) 29.83+0.463 26.193+0.351 39.95+0.513 29.8+0.014
MCHC (g/dL) 25.79+0.624 25.643%0.01 34.616+0.722 36.43+0.018
Lymphocytes % 69.85+0.256 65+1.29 75.66+0.092 79.41£0.552
WBCs Count 132.83+0.303 4.866+0.268 180.23+0.466 9.85+0.479
(WBCsx10°uL)
Monocytes% 2.15+0.189 3.11+0.206 3.754+0.095 5.0+£0.224
Granulocytes % 28.03+0.149 26.01+0.226 30.83+0.395 33.1+0.071
PLT Count (mcL) | 10.133%0.767 17.0£1.82 93.0£3.15 95.5+0.958

RBCs count was 10.5x10°and 7x10° for the C. auratus and C. idella, respectively.
There was a significant difference in the WBCs count between the control group and the
experimental group. WBCs count for C. idella was 46.8x10° and 4.6x10° for the C.
auratus.

Hemoglobin (Hb) concentration for the C. idella was 1.5 g/dL initially and 10.75
g/dL at the end of the experiment, so the improvement in hemoglobin concentration was
9.25 g /dL. Similarly, hemoglobin concentration for C. auratus was 2 g/dL initially and
8.5 g/dL at the end of the trial period, so improvement in the hemoglobin concentration
in the C. auratus was 6.5 g/dL. MCHC value 8.4 g/dL of the C. idella, and its value was
10.8 g/ dL for the C. auratus after 90 days of trial period.

MCV level was 109 fl at the start for the C. idella and 149 fl after 90 days of
experiment so improvement in the MCV level for the C. idella was 40 fl. For the C.
auratus MCV level was 87.09 fl at the start and 105.33 f] at the end of trial period, so this
improvement was 18.24 fl. The value of MCH was 8.4 g/dL for the C. idella and 11.94
g/dL for the C. auratus at the end of the experimental period. The HCT percentage was
7 % for the C. idella and 10.5% for the C. auratus, and MCH level was 13.6 pg for the C.
idella and 3.72 pg for the C. auratus at the end of the trial period.

Similarly, lymphocytes, monocytes and platelets counts were higher in the

experimental group of the C. idella and C. auratus that were fed with grape seed extract
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in comparison to the control group that was fed with the commercial diet. Lymphocytes
percentage was improved 5.7% in the C. idella and 15% in the C. auratus. Monocytes
percentage was also improved 1.8% for the C. idella and 2% for the C. auratus.
Improvement in the granulocytes percentage was 3.1% and 7% for the C. idella and C.
auratus, respectively. Improvement was also seen in the platelets count, 79 mcL and 80

mcL for the C. idella and C. auratus, respectively.

DISCUSSION

This study was conducted to evaluate the effect of grape seed extract on growth
and blood parameter of Ctenopharyngodon idella and Carassius auratus. Fish
immunological responses, disease resistance, and growth performance could all be
considerably improved by the use of V. vinifera extract as previously showed by
Mehrinakhi et al. (2021). Mohammadi et al. (2021) also conducted a study using V.
vinifera extract as fish food and resulted in increased growth performance in the
experimental group of Common carp as in present study grape seed extract increased the
growth performance of C. idella (4.9 g increase in weight) and C. auratus (11.8 g increase
in weight), similar to the previous research findings.

Zhai et al. (2014) also documented improvements in growth metrics in
Oreochromis niloticus fed with meals containing V. vinifera at varying concentrations for
a 49 day period. The results are compatible with the current study of grape seed extract
as it enhanced the growth (FCR, SGR, total length, fork length, etc.) of the C. idella and
C. auratus, and it was shown that FCR, SGR, and fork length of the C. idella and C.
auratus was significantly improved than the control group (To). Similarly, according to
Huang et al. (2012), diets containing V. vinifera significantly enhanced growth
characteristics in Crucian Carp (Carassius carassius).

Grape seed extract improved the immunity and blood parameters of the C. idella
and C. auratus. Similar results were obtained by Onchorhynchus mykiss and O. niloticus.
Arslan et al. (2018) and Mousavi et al. (2020) elucidated that when given meals
containing V. vinifera or grape seed extract, Rainbow Trout (O. mykiss) and Nile Tilapia
(O. niloticus) showed comparable outcomes. The effective technique for drawing out
various polyphenols from V. vinifera is of higher significance for many investigators due
to the advantageous influence of phenolic compounds on health enhancement and illness

control in living organisms, as stated by Nowshehri et al. (2015).
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The incorporation of grape seed extract in the animal dietary regimen offers
nourishment with elevated levels of different food compounds such as protein,
carbohydrate, and fat, and also a source of pharmacologically active compounds (Shiel et
al. 2017). Despite the fact that growth improving impact of different substances in the
grape seed (V. vinifera) extract is not fully committed, increased growth efficiency might
take place by various processes. The amplification of digestive enzyme function after the
use of different supplements might lead to improved growth capability in the O. mykiss.
The fact is, grape seed (V. Vinifera) extract could enhance the functionality of some

intestinal or digestive enzymes, as shown by Xie et al. (2012) and Laurent et al. (2007).

CONCLUSION

In conclusion, grape seed (Vitis vinifera) extract proved to be efficient in
improving the growth metrics and blood parameters of two economically important carp
species: Ctenopharyngodon idella (grass carp) and Carassius auratus (goldfish).
Therefore, it is recommended to ameliorate the growth and immunity of the fish using
easily accessible natural extracts found in food materials. But further studies are required
to optimize the use of V. Vinifera extract on other fish species and make it accessible as

a grape seed extract-supplemented diet to get the full potential of the aquaculture sector.
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Abstract: In this study, Lactobacillus spp. (56 isolates), Enterococcus faecium (25 isolates), and
Escherichia coli (33 isolates) were isolated from bovine ceca, and their probiotic properties were
investigated in vitro. The isolates were evaluated for bile salt tolerance at different concentrations
(0.6% and 1.5%), survival rates at pH=2 and pH=7, cell surface hydrophobicity, antibacterial
activity against the E. coli K99 strain, and susceptibility to six antibiotics from five different
classes (ampicillin, trimethoprim—sulfamethoxazole, neomycin, enrofloxacin, amoxicillin-
clavulanic acid, and tetracycline). All E. faecium and E. coli isolates, as well as all but two
Lactobacillus spp. isolates, were able to grow at 0.6% bile concentration. At 1.5% bile
concentration, all E. coli isolates and all but two Lactobacillus spp. and one E. faecium isolate
exhibited growth. The viability rates at pH=2 were determined as 34-52% for Lactobacillus spp.
(14 isolates), 35% for E. faecium (1 isolate), and 34-55% for E. coli (4 isolates). Hydrophobicity
was observed in 19 Lactobacillus spp., 14 E. faecium, and 14 E. coli isolates, respectively, while
none of the isolates exhibited antibacterial activity against the . coli K99 strain. Ampicillin was
identified as the antibiotic to which the isolates showed the highest resistance, with rates of
92.85% for Lactobacillus spp., 96% for E. faecium, and 100% for E. coli. In conclusion, based
on their tolerance to bile salts and low pH, hydrophobic properties, and antibiotic resistance
profiles, it was revealed that especially the Lactobacillus spp. M22 isolate possesses a high
potential for use as a probiotic candidate.

Keywords: E. coli, E. faecium, Lactobacillus spp., probiotic, cow

INTRODUCTION

The term probiotic, derived from the Greek words pro (for) and bios (life), was
first used by Vergin (1954) in the sense of ‘for life’. The concept was introduced into the
scientific literature by Lilly and Stillwell (1965), who defined it as a microbial substance
produced by one microorganism that stimulates the growth of another. Later, Parker
(1974) described probiotics as organisms and substances that contribute to the intestinal
microbial balance a definition quite close to the current understanding. In 2001, the
FAO/WHO expert committee defined probiotics as “live microorganisms which, when

administered in adequate amounts, confer a health benefit on the host,” a definition that
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has since gained wide acceptance (FAO/WHO, 2002). Today, probiotics include bacterial
species such as Lactobacillus, Bifidobacterium, Enterococcus, Streptococcus
thermophilus, and Escherichia coli Nissle 1917, as well as yeast species such as
Saccharomyces boulardii (McFarland and Meta, 2006; Hossain et al., 2012). Probiotics
exert their effects in the gastrointestinal tract through mechanisms such as competitive
inhibition against pathogens, production of antimicrobial substances, enhancement of
intestinal barrier integrity, and modulation of the immune system (Bermudez-Brito et al.,
2012). In animal production, the use of probiotics has gained importance, particularly in
intensive livestock systems, due to the increasing demand for productivity and the
restrictions on antibiotic use. Studies have demonstrated that probiotic supplementation
in cattle can positively influence milk yield (Nocek and Kautz, 2006; Boyd et al., 2011),
body weight gain (Frizzo et al., 2011), and feed conversion efficiency (Jatkauskas and
Vrotniakiene, 2010). Additional benefits such as improved rumen fermentation, enhanced
immune response, and reduced disease incidence have also been reported (Desnoyers et
al., 2009; Timmerman et al., 2005).

This study was conducted to investigate the in vitro probiotic potential of cattle-
derived Lactobacillus spp., E. faecium, and E. coli isolates. The isolates were evaluated
in terms of bile and pH tolerance, cell surface hydrophobicity, bacteriocin production,
antimicrobial activity, and antibiotic resistance profiles. Based on the obtained results,
their suitability for use as probiotics was assessed. Determining isolates with strong
probiotic potential is particularly important for promoting healthy livestock production

systems and reducing antibiotic usage.

MATERIAL AND METHOD

Sample Collection and Bacterial Isolation

In this study, cecal samples were collected from 25 clinically healthy cattle in
slaughtered located in Suluova (Amasya) and Bafra (Samsun), Tiirkiye. Samples were
aseptically transferred into sterile containers and transported under cold-chain conditions
to the Microbiology Laboratory, Faculty of Veterinary Medicine, Ondokuz Mayis
University. Mucosal scrapings were homogenized in 50 mL of physiological saline (PS),
vortexed, and serially processed. A 0.1 mL aliquot from each sample was spread, in

triplicate, onto three selective media. For the isolation of Lactobacillus spp., samples were
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plated onto MRS agar and incubated anaerobically at 35°C for 48 h. Colonies exhibiting
Gram-positive rod morphology and catalase-negative reactions were identified as
presumptive Lactobacillus isolates, purified, and stored at -20°C in glycerol-
supplemented MRS broth (Victor et al., 2011). For the isolation of Enterococcus faecium,
samples were streaked onto Bile Esculin Agar (BEA) and incubated aerobically at 37°C
for 24 h. Black colonies showing Gram-positive coccoid morphology and catalase
negativity were considered presumptive E. faecium and stored in glycerol-enriched
Tryptic Soy Broth (TSB) (Strompfova et al., 2004). For the isolation of Escherichia coli,
Eosin Methylene Blue (EMB) agar was used. Colonies with a metallic green sheen, Gram-
negative rod morphology, catalase positivity, and oxidase negativity were identified as
presumptive E. coli isolates. These were purified and preserved at -20°C in glycerol-
supplemented TSB (Baker et al., 2013).

DNA Extraction

Genomic DNA of presumptive Lactobacillus spp., E. faecium, and E. coli isolates
was extracted using the boiling method. A loopful of fresh colonies cultured on MRS or
TSA was suspended in 500 pL distilled water, boiled at 100°C for 10 min, and centrifuged
at 11000 x g for 3 min. Supernatants were stored at -20°C until PCR analysis (Pasayo et
al., 2019).

Genotypic Identification

Species-level confirmation was performed using PCR with species-specific
primers. Extracted DNA samples were amplified under appropriate cycling conditions to
target the diagnostic gene regions for Lactobacillus spp., E. faecium, and E. coli.
Primer sequences and expected amplicon sizes are shown in Table 1 (Markiewicz &

Biedrzycka, 2005; Jackson et al., 2004; Abd El-Razik et al., 2010).

Table 1. Oligonucleotide primer sequences used in the study

Primer Primer sequence (5'-3") Amplicon References

size (bp)
LactoF TGGAAACAGGTGCTAATACCG 230 Markiewicz and Biedrzycka
Lacto R CCATTGTGGAAGATTCCC (2005)

FM1 GAAAAAACAATAGAAGAATTAT 215 Jackson et al. (2004)
FM2 TGCTTTTTTGAATTCTTCTTTA

Eco 2083 GCTTGACACTGAACATTGAG

Eco 2745 GCACTTATCTCTTCCGCATT 662 AbdEl-Razik etal. (2010)
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Bile Tolerance Test

Bile tolerance was assessed by supplementing MRS broth (for Lactobacillus spp.)
and TSB (for E. faecium and E. coli) with natural bovine bile at final concentrations of
0.6% and 1.5%. Isolates were inoculated and incubated at 35 °C for 48 h (Lactobacillus)
or 24 h (E. faecium and E. coli). Following incubation, cultures were serially diluted to
107°. From the 1075, 107, and 1077 dilutions, 100 pnL samples were plated onto MRS agar
for Lactobacillus spp. isolates and onto TSA for E. faecium and E. coli isolates. Plates
were incubated under appropriate conditions. Bacterial growth was evaluated after
incubation, and bile tolerance was determined (Strompfova et al., 2004).

PH Tolerance Test

To determine the pH tolerance of the isolates, MRS broth was used for
Lactobacillus spp., and TSB was used for E. faecium and E. coli. The pH was adjusted to
2 and 7 using HCI and NaOH solutions. Bacterial suspensions standardized to 0.5
McFarland were inoculated and incubated anaerobically (for Lactobacillus) or
aerobically (for E. faecium and E. coli). After incubation, serial dilutions (10~'-10" for
pH=2; 10°-1077 for pH=7) were plated and viable counts determined to assess acid
resistance (Strompfova et al., 2004).

Hydrophobicity of the Isolates

To determine the hydrophobicity of the isolates, TSA and MRS agars were
prepared with the addition of 0.03% Congo Red. Lactobacillus spp. were plated onto
MRS agar, whereas E. faecium and E. coli were plated onto TSA and incubated under
appropriate. After incubation, isolates forming pink-red colonies were classified as
hydrophobic, and colorless colonies as non-hydrophobic (Sharma et al., 2006).

Bacteriocin Extraction

Lactobacillus spp. isolates were inoculated into MRS broth, E. faecium and E. coli
isolates were inoculated into TSB and incubated under appropriate conditions. The
cultures were centrifuged at 9000 rpm for 30 minutes to obtain the supernatants. For
bacteriocin precipitation, ammonium sulfate was added to the supernatants at
concentrations ranging from 40% to 80% and stirred at +4°C for 24 hours. The
precipitates obtained at the most effective concentration were centrifuged at 14.000 rpm
for 1 hour, dissolved in physiological saline, and prepared for subsequent analyses

(Foulquié Moreno et al., 2003).
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Determination of Antibacterial Activity

Antibacterial activity of the extracted bacteriocins was tested against E. coli K99
using the agar diffusion method. Mueller—-Hinton Agar (MHA) plates were prepared,
wells were punched into the agar, and bacteriocin suspensions were loaded into the wells.
A 100 pg/mL ofloxacin disk served as the positive control. Plates were incubated, and
inhibition zones were measured using a caliper (Tag and McGiven, 1971; Reinhamier et
al., 1990).

Antibiotic Susceptibility Testing

Antibiotic susceptibility was determined using the disk diffusion method. MRS
agar was used for Lactobacillus spp. and MHA for E. faecium and E. coli. Antibiotic
disks included ampicillin (10 pg), trimethoprim—sulfamethoxazole (1.25/23.75 pg),
neomycin (30 pg), enrofloxacin (5 pg), amoxicillin—clavulanic acid (20/10 pg), and
oxytetracycline (30 png). Plates were incubated following incubation, the diameters of the
inhibition zones were measured and evaluated according to CLSI guidelines (CLSI 2020).

Isolates were classified as susceptible (S), intermediate (I), or resistant (R).

RESULTS

Bacterial Isolation and Genotypic ldentification

A total of 67 Lactobacillus spp., 47 Enterococcus faecium, and 33 presumptive
Escherichia coli colonies were initially isolated. Colonies were initially identified based
on their morphological and biochemical characteristics. PCR-based genotypic
identification produced clear, species-specific amplicons of 230 bp for Lactobacillus spp.,
215 bp for E. faecium, and 662 bp for E. coli. Based on these results, 56 Lactobacillus
spp., 25 E. faecium, and 33 E. coli isolates were confirmed and stored at —20 °C for further

analysis. PCR images are shown in Figure 1, Figure 2, and Figure 3.

Figure 1. PCR image of Lactobacillus spp. (M: Marker, P: Positive Control, N: Negative Control)
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Figure 2. PCR image of E. faecium (M: Marker, P: Positive Control)

N 1 2 3 4 5 6 7 8 9 10 11 12 M

S62bp

Figure 3. PCR image of E. coli (M: Marker, P: Positive Control, N: Negative Control, 1-12: Positive E.
coli isolates)

Bile Tolerance Test Results

Bile tolerance analysis showed that two Lactobacillus isolates (M12, M14) and
one E. faecium isolate (B22) exhibited no growth at either bile concentration. One E.
faecium isolate (B14) grew at 0.6% bile but failed to grow at 1.5%. All E. coli isolates

were able to grow at both bile concentrations.

At 0.6% bile, the lowest viability among Lactobacillus spp. was observed in isolate M6
(77%), whereas the highest was recorded for M54 (100%). For E. faecium, viability
ranged from 87% (B14) to 99% (B13). Among E. coli isolates, viability values varied
between 93% (E10) and 99% (E3).

At 1.5% bile, Lactobacillus spp. viability ranged from 76% (M6) to 98% (M25). E.
faecium 1solates showed viability values between 82% (B12) and 97% (B2). For E. coli,
the lowest viability was recorded for E1 (85%) and the highest for E19 (99%).

Overall, all isolates tested in this study maintained high survival levels at both 0.6% and
1.5% bile salt concentrations. The isolates M2, M8, M9, M10, M13, M16, M23, M25,
M29, M30, M32, M33, M35, M36, M38, M41, M43, M50, M54, M55, B2, B3, B5, B8,
B13, B17, B18§, B19, B24, E4, E9, E14, E15, E17, E19, E22, E23, E25, E27, E28, E29,
E30, E31, E32, and E33 exhibited viability levels above 95% at both bile concentrations.
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Acid Tolerance Test

Table 2. Acid tolerance test results of isolates for pH=7 (log cfu/ml)

. lo . lo . lo . lo
Izolat No kob;gml 1zolat No kob;gml Izolat No kob;gml I1zolat No kob;gml
M1 8.00 M29 9.11 M56 8.54 E3 8.70
M2 8.46 M30 8.33 B1 9.50 E4 8.84
M3 8.85 M31 8.15 B2 8.47 E5 8.97
M4 8.77 M32 8.22 B3 8.96 E6 8.86
M5 8.85 M33 8.68 B4 8.79 E7 8.74
Mé6 8.77 M34 8.82 B5S 8.89 ES8 8.92
M7 8.08 M35 8.85 B6 9.45 E9 8.76
M8 8.14 M36 9.00 B7 9.50 E10 8.86
M9 8.98 M36 9.00 B8 8.79 El1 9.00
M10 8.85 M37 8.38 B9 8.96 E12 8.82
Mi11 8.85 M38 8.96 B10 8.77 E13 8.92
M12 8.11 M39 7.81 B11 8.98 E14 8.95
M13 8.83 M40 8.71 B12 8.33 E15 8.94
M14 7.46 M41 8.79 B13 7.93 El6 8.82
M15 8.62 M42 9.17 B14 8.09 E17 8.68
M16 7.30 M43 8.85 B15 8.96 E18 8.84
M17 9.19 M44 8.94 B16 9.12 E19 9.00
M18 9.23 M45 9.18 B17 8.97 E20 8.90
M19 8.94 M46 8.40 B18 8.90 E21 8.96
M20 9.31 M47 9.49 B19 8.74 E22 8.85
M21 8.75 M48 9.21 B20 9.27 E23 8.70
M22 8.52 M49 8.78 B21 8.24 E24 8.94
M23 9.00 M50 8.85 B22 7.49 E25 8.75
M24 8.84 M51 8.96 B23 9.12 E26 8.70
M25 8.47 M52 8.94 B24 8.77 E27 8.89
M26 8.93 M53 8.78 B25 8.68 E28 8.88
M27 8.84 M54 8.81 El 8.93 E29 8.83
M28 8.52 M55 8.88 E2 8.88 E30 8.99
E33 8.83 E32 8.98 E31 9.00

M: Lactobacillus spp., B: E. faecium, E: E. coli

Acid tolerance was assessed by determining isolate viability following incubation at

pH=2 and pH=7. At pH=2, a total of 14 Lactobacillus spp., one E. faecium, and four E.

coli isolates demonstrated survival. Survival rates were as follows: Lactobacillus spp., 34
(M40) -52(M1)%; E. faecium, 35%(B11); and E. coli, 34 (E1)-55 (E20)%. Among all
isolates, the E. coli strain E20 exhibited the highest survival rate under acidic conditions.
The isolates that remained viable at pH=2 were M1, M2, M3, M7, M18, M22, M26, M29,
M32, M40, M51, M52, M54, M55, B11, El1, E19, E20, and E27. The survival rates of all

isolates were calculated using their log CFU/mL values at pH=7 as the reference. These

reference values are presented in Table 2.
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Hydrophobicity Test

Hydrophobicity was assessed using Congo Red agar, and isolates producing pink—
red colonies were classified as hydrophobic. The overall hydrophobicity rates were as
follows: Lactobacillus spp., 33.92%; E. faecium, 56%; and E. coli, 42.42%. The isolates
identified as hydrophobic were M1, M4, M8, M19, M20, M21, M22, M23, M24, M29,
M36, M39, M42, M46, M48, M49, M50, M54, M56, B1, B2, B3, B6, B7, BS, B9, Bl11,
B13,B15,B17,B18, B20, B25, E6, E7, ES, E9, E10, E11, E12, E13, E14,E15,E16, E17,
E18, and E19.

Antibacterial Activity of Bacteriocins

The antagonistic effect of bacteriocins obtained from the isolates against E. coli
K99 was evaluated using the Disk Diffusion Agar method. However, since no inhibition
zones were observed, it was determined that none of the bacteriocins exhibited
antibacterial activity.

Antibiotic Susceptibility Profile

The antibiotic susceptibility profiles of the isolates were determined using the
Kirby—Bauer disk diffusion method with ampicillin (10 pg), amoxicillin—clavulanic acid
(20/10 pg), oxytetracycline (30 pg), trimethoprim—sulfamethoxazole (1.25/23.75 png),
enrofloxacin (5 pg), and neomycin (30 pg) antibiotic disks. Among the Lactobacillus spp.
isolates, the highest resistance rates were observed against ampicillin (93%) and
trimethoprim—sulfamethoxazole (89%), with most isolates exhibiting resistance to these
two antibiotics. In contrast, 75% of the isolates were found to be sensitive to
oxytetracycline. Evaluation of multidrug resistance revealed that 91.07% of the 56
Lactobacillus spp. isolates were resistant to three or more antibiotics. Among the 51
i1solates exhibiting multidrug resistance, 3 (5.35%) were resistant to six antibiotics, 7
(12.5%) to five antibiotics, 20 (35.71%) to four antibiotics, and 18 (32.14%) to three

antibiotics.

For Enterococcus faecium, the highest resistance was detected against ampicillin (100%)
and trimethoprim—sulfamethoxazole (60%), whereas all isolates were sensitive to
amoxicillin—clavulanic acid. Assessment of multidrug resistance showed that 24% of the
25 E. faecium isolates were resistant to three or more antibiotics. Of the six isolates
exhibiting multidrug resistance, three (12%) were resistant to four antibiotics and three

(12%) to three antibiotics.
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In Escherichia coli isolates, the highest resistance rate was recorded for ampicillin
(100%), while the lowest resistance was observed for enrofloxacin (9.1%) and
amoxicillin—clavulanic acid (3%). Evaluation of multidrug resistance revealed that
12.12% of the 33 E. coli isolates were resistant to three or more antibiotics. Among the
four multidrug-resistant isolates, two (6.06%) were resistant to five antibiotics and two

(6.06%) to four antibiotics.

Based on multiple in vitro assays, isolate M22 (Lactobacillus spp.) demonstrated

a combination of favorable traits. A summary is shown in Table 3.

Table 3. Key probiotic properties of Lactobacillus spp. isolate M22
Parameters Result for M22
Acid tolerance (pH=2) 42.28% viability
Bile tolerance 0.6% 91.93% viability
Bile tolerance 1.5% 89.23% viability

Cell surface Positive

hydrophobicity

Antibiotic profile AMP (R), AMC (R), ENR (R), OTC (R), NEO (R), SXT (R)
DISCUSSION

In this study, two Lactobacillus isolates (M12, M14) and one Enterococcus
faecium isolate (B22) exhibited no growth at either bile concentration tested, while isolate
B14 demonstrated sensitivity only at 1.5% bile. In contrast, all Escherichia coli isolates
tolerated both bile concentrations. These findings are consistent with Liu et al. (2019),
who reported that all Lactobacillus isolates and 75% of Enterococcus spp. obtained from
panda feces were resistant to 0.3% bile salt. Previous research has also shown that cattle-
derived Lactobacillus spp. can survive in 0.3% bile (Jobby et al., 2020), and that most
LAB strains grow in bile concentrations ranging from 0.05% to 0.3% (Brashears et al.,
2003). Similarly, Bacillus spp. isolated from cattle exhibited variable resistance to 0.3%
bile salt (Naeem et al., 2018). Kassa et al. (2024) further demonstrated that LAB isolates
from local chickens exhibited strong survival at 0.3% and 0.6% bile after 12-24 hours of
incubation. Collectively, these results highlight that bile tolerance is species- and strain-
dependent and confirm that resistance to bile salts is a key criterion for selecting potential
probiotic candidates. Regarding acid tolerance, 14 Lactobacillus isolates survived
exposure to pH=2, with viability ranging from 34-52%. Only one E. faecium isolate
remained viable, whereas four E. coli isolates demonstrated acid tolerance with viability

between 34-55%. These results indicate that a large proportion of isolates were sensitive
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to highly acidic conditions. Comparable findings were reported by Rodriguez-Palacios et
al. (2009), who observed that none of 106 bovine LAB isolates grew at pH 2. Likewise,
Adetoye et al. (2018) found that only four Lactobacillus strains out of 88 bovine LAB
isolates survived at pH 3. In contrast, Kassa et al. (2024) noted exceptionally high survival
rates (83.6-97.1%) for LAB isolates exposed to pH 2 for 3—6 hours. Gupta et al. (2023)
reported that only 27 of 90 LAB isolates tolerated pH 3, whereas Wu et al. (2025) found
that eight of thirteen LAB isolates demonstrated low-pH tolerance. Additionally, Zhang
et al. (2025) demonstrated significant interspecies differences in acid-adaptation capacity
among Lactobacillus spp., with L. crispatus showing the highest resilience in simulated
gastric fluid over 24 hours. Given that survival in acidic environments is essential for
passage through the stomach, acid tolerance remains a critical parameter in probiotic
strain selection. An important properties of probiotics is their ability to adhesion to host
epithelial cells (Yu and Tsen, 1993; Lin et al., 2007). Wadstroum et al. (1987) noted that
hydrophobic interactions may be necessary for colonizing the mucus layer. Zareba et al.
(1997) suggested that high cell surface hydrophobicity plays a role in bacterial adhesion
to epithelial cells. In the present study, hydrophobicity rates were 33.9% for Lactobacillus
spp., 56% for E. faecium, and 42% for E. coli. These results are comparable to those
reported by Grajek et al. (2016) for calf-derived Lactobacillus (26.9-41.1%) and
Enterococcus (28.4-34.9%) isolates. Additionally, Marchwinska et al. (2022) found that
among 41 LAB isolates from pig feces, seven exhibited high and eleven exhibited
moderate hydrophobicity (22-63%). Qin et al. (2022) reported nearly 100%
hydrophobicity in Lactobacillus isolates obtained from horse feces. Such variability
across studies indicates that hydrophobicity is strongly strain-dependent and influenced
by the host species of origin. No antibacterial activity was observed against E. coli K99
for any of the bacteriocin preparations tested. Liu et al. (2019) previously reported
antimicrobial effects among panda-derived isolates against ETEC, S. aureus, and
Salmonella, although these effects were attributed to non-proteinaceous factors. Adetoye
et al. (2018) likewise reported inhibitory effects from bovine-derived lactobacilli that
were not linked to bacteriocin production. Puphan et al. (2015) showed that 15 bovine
LAB isolates inhibited E. coli ATCC 25923 and Salmonella Typhimurium. Bacteriocin
production is known to be highly sensitive to environmental and cultural conditions

including growth medium, pH, incubation duration, temperature, and inoculum density.
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Co-culture strategies and quorum-sensing regulation can significantly enhance
bacteriocin yields in LAB (He et al., 2025). Classical studies have shown that even minor
alterations in growth conditions may reduce bacteriocin production by up to two orders
of magnitude (Reeves, 1965). Therefore, the absence of observable antibacterial activity
in this study may reflect insufficient bacteriocin concentration or unfavorable production
conditions. Antibiotic susceptibility patterns varied among isolates. For Lactobacillus
spp., the highest resistance was observed against ampicillin (92.9%), whereas resistance
to other antibiotics remained comparatively low. Conversely, Jobby et al. (2020) reported
broad susceptibility in cattle-derived Lactobacillus strains. Qin et al. (2022) reported that
horse-derived isolates were susceptible to ampicillin and tetracycline but resistant to
gentamicin and enrofloxacin. For E. faecium, resistance was highest against ampicillin
(96%), trimethoprim—sulfamethoxazole (56%), and oxytetracycline (20%), consistent
with literature describing substantial variability in antimicrobial resistance depending on
host and region (Mannu et al., 2003; Thal et al., 1995; De Jong et al., 2018). Among E.
coli 1solates, ampicillin resistance was universal (100%), consistent with previous reports
from multiple countries and animal hosts (Marinho et al., 2014; Sipahi, 2023; Makita et
al., 2016). Since antibiotic resistance represents a major safety consideration in probiotic
selection, each candidate strain must be evaluated carefully for resistance traits and the

potential for horizontal gene transfer.

CONCLUSION

In conclusion, the M22 strain, which performed successfully in all tests, was also
resistant to six antibiotics. Therefore, it represents both a potential probiotic candidate
and a strain that requires further investigation regarding the transferability of its antibiotic
resistance genes. When compared with the literature, some findings showed similarity
while others differed. The limited data on probiotic isolation from cattle in our country
underscores the significance of this study. It is recommended that the M22 strain be
further evaluated through comprehensive in vivo and in vitro assays.
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Ozet: BARF (Biyolojik Olarak Uygun Cig Gida), képek ve kedilerin ¢ig et, i¢ organlar, kemikler
ve bazen de siit tirlinleri veya yumurta gibi 1s1l islem gormemis hayvansal {iriinlerle beslenmesine
dayanan bir beslenme yaklagimidir. Son yillarda, 6zellikle Avrupa'da, bu diyet evcil hayvan
sahipleri arasinda popiilerlik kazanmistir; bazi iilkelerde bu oran %50'yi agmaktadir. BARF
diyetleri ticari alan bulmus, disaridan da temin edilebilir olmustur. Bunun yaninda en yaygim
evcil hayvan sahipleri tarafindan tarifler kullanilarak hazirlananlardir. Ancak evde hazirlanan
mamalar i¢in riskler vardir. Evde hazirlanan mamalar genellikle resmi beslenme yonergelerine
uymamaktadir. Bu nedenle besin dengesizlikleri ve ilgili hastalik riski olusturmaktadirlar. Evcil
hayvan sahibi BARF diyeti, kendi hazirladigi mama ile tarife gore uygulamay1 segerse, tarife
dayali dengeli beslemenin, evcil hayvan besleme alaninda uzmanlar tarafindan yapilmasina 6zen
gostermesi, besin eksikligi veya fazlaligi (makro mineraller, eser elementler ve vitaminler) gibi
besleme hatalarinin 6niine gegilmesi agisindan 6nemlidir. BARF diyetleri yiiksek sindirilebilirlik
ve dogal igerikler sunsa da, besin dengesizligi, mikrobiyolojik kontaminasyon ve zoonotik
bulagma riski nedeniyle dikkatli ve bilimsel olarak saglam bir degerlendirme gerektirir. Cig et
bazl diyetler, kopeklerin etgil atalarinin diyetlerine daha yakin oldugu diisiincesi ile hazirlansa
da evcil karnivor beslemede ekstrude hazirlanmis yiyeceklerle BARF yiyecekleri karsilagtirmak
olduk¢a yanlis olacaktir. Hayvan sahipleri, evcil hayvanlarinin sagligi, beslenmesi konularinda
son yillarda artan bir ilgi gostermektedirler. Evcil hayvanlarin hastalanmalari sahiplerinin de
psikolojik olarak etkilenmesine yol agmaktadir.  Bu nedenle beslenme sonuglar1 hayvan
sahiplerinin yasamini da ilgilendirmektedir.

Anahtar Kelimeler: BARF, ¢ig beslenme, kedi, kdpek, kuru mama beslenme

Differences, Similarities, Benefits, and Risks Between Raw Feeding and Dry Food
Feeding (Conventional) in Cats and Dogs

Abstract: BARF (Biologically Appropriate Raw Food) is a nutritional approach based on feeding
dogs and cats raw meat, internal organs, bones, and sometimes non-heat-treated animal products
such as dairy products or eggs. In recent years, this diet has gained popularity among pet owners,
particularly in Europe; in some countries, this proportion exceeds 50%. BARF diets have become
commercially available and are also available from the market. Furthermore, the most common
are those prepared by pet owners using recipes. However, there are risks associated with
homemade foods. Homemade foods often do not meet official nutritional guidelines, thus posing
a risk of nutrient imbalances and related diseases. If pet owners choose to follow a BARF diet
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with their own recipes, it is important to ensure that the balanced diet, based on the recipe, is
prepared by a pet nutritionist. This is crucial to avoid feeding errors such as nutrient deficiencies
or excesses (macrominerals, trace elements, and vitamins). Although BARF diets offer high
digestibility and natural ingredients, they require careful and scientifically sound evaluation due
to the risk of nutritional imbalance, microbiological contamination, and zoonotic transmission.
While raw meat-based diets are designed with the idea that they more closely resemble the diets
of dogs' carnivorous ancestors, it would be quite inaccurate to compare extruded foods to BARF
foods in feeding pet carnivores. In recent years, pet owners have become increasingly concerned
about their pets' health and nutrition. Pet illnesses can also have a psychological impact on their
owners. Therefore, nutritional consequences also impact the lives of their pets.

Keywords: BARF, cat, dog, raw and dry feeding

GIRIS

Hayvanlar heterotrof canlilar oldugundan dolay1 enerji kaynagi olarak
cevrelerindeki besin maddelerine ihtiya¢ duyarlar. Hayvanlarin viicutlarina aldiklari
besin maddelerinin enerji kaynagi olarak kullanilabilmesi ise, sindirim sistemi sayesinde
gerceklestirilir. Sindirim sisteminin fonksiyonu, viicuda alinan besin maddelerini
mekaniksel ve kimyasal olarak par¢alamak ve bunlardan ihtiya¢ duyulani viicuda absorbe
etmektir.

Yiiksek organizasyonlu hayvanlarda hiicre dis1 sindirim yapilir ve bu hayvanlarin
sindirim sistemleri morfolojik olarak birbirine benzerlik gosterir. Sindirim sistemleri,
besinlerin viicuda alindig1 agiz ile baslayip, biitiin viicudu uzunlamasina kateden ve artik
maddelerin disar1 atildig1 aniis ile sona eren bir gastrointestinal kanal ve buna bagh
sindirim salg1 bezlerinden olusmustur. Gastrointestinal kanal baglica ii¢ ana bdliime
ayrilmistir. Bunlar; 6zofagus, mide ve bagirsaklardir (Noyan, 1980).

Hayvanlar dogal ortamdaki diyetlerine gore karnivor, omnivor ve herbivor olarak
siniflandirilir. Cogunlugunu karnivorlar ve herbivorlar olusturur. Hem et hem ot yiyenler
omnivor hayvanlardir. Diyetin ¢esitliligi nedeniyle, sindirim sisteminin bdliimleri farkl
sekillerde gelismis ve evrimsel siire¢ icerisinde, yapisal karmasikliklara paralel olarak,
sindirim sistemleri de gelismis ve karmasiklagmistir. Tiim omurgali hayvanlarda sindirim
sistemini olusturan; agiz, 6zofagus, mide, karaciger, safra kesesi, pankreas, bagirsaklar

ve aniis yapilar1 ise ortaktir (Noyan, 1980).

Evcil Hayvanlarda Sindirim Sistemi
Agiz Boslugu ve Yutak
Sindirim kanalinin en 6n boliimii olan agi1z boslugu, yemin alinip pargalanmaya

baslandig1 ilk kisimdir. Ag1z boslugundaki sindirime yardimci temel yapilar disler ve
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dildir. Digler, yemin kimyasal sindirimi i¢in yiizey alanmi artirir ve mekanik
pargalanmay1 saglar. Konum ve gorevlerine gore dort tipe ayrilir: kesici disler, kopek
disleri, premolarlar ve molarlar (Reece, 2012).

Dil kasli bir organ olup yemi agiz i¢inde hareket ettirir, az1 disleri arasina
yonlendirir ve yutma sirasinda 6zofagusa iter. Dil ylizeyindeki papillalar (Papilla vallata
ve papilla fungiformis) tizerindeki tat tomurcuklari, zararli ve uygun yemlerin ayirt
edilmesini saglayarak yem secimini etkiler. Farenks (yutak), larinks, 6zofagus, agiz ve
burun boslugu ile baglantilidir. Yutma refleksleri ve mekanik faktorler, bolusun glottis
veya burun bosluguna kagmasini engeller (Reece, 2012).

Mide

Tek bdlmeli olan nonruminant mide “basit mide” olarak adlandirilir. Ozofagus,
yutak ile mide arasinda yer alan kasli bir tiiptiir. Mideye giristeki kardiya, anatomik degil
fonksiyonel bir sfinkterdir. Mide; kardiya, fundus, korpus ve pilorik antrum olmak tizere
dort boliime ayrilir. Mide i¢ yiizeyinde 6zofagal, kardiyak, fundik ve pilorik bez bolgeleri
bulunur. Bu bezler mukus, hidroklorik asit (HCl), pepsinojen ve gastrin hormonu salgilar
(Reece, 2012).

Bagirsaklar

Mideden ¢ikan asidik igerik kimus olarak adlandirilir ve bilesimi diyete baghdir.
Ince bagirsak, duodenum, jejunum ve ileum olmak iizere ii¢ kistmdan olusur. Duodenum,
pankreas ve karacigerle baglantilidir; pankreatik salgilar ve safra bu bolgeye agilir. ince
bagirsagin mukozasi emilimi saglayan villus ve mikrovilluslarla kaplidir. Alt tabakalarda
submukoza, damarlar, lenf damarlar1 ve sinirler yer alir. Ince bagirsakta sindirilen
besinler kapiller ve lenf damarlariyla tasinir. ileumun son kismindaki igerik kdpek ve
kedilerde kolona geger. Kalin bagirsak sekum ve kolondan olusur; su ve elektrolit emilimi
burada gerceklesir. Kolon sekumdan aniise kadar uzanir; ¢ikan, transvers ve inen
boliimlerden olusur. Inen kolon, pelviste rektuma déniisiir ve aniis, kaslardan olusan
sfinkterleriyle kapali kalir (Reece, 2012).

Kedi ve Kopeklerde Beslenme

Kedi ve kopekler dogal ortamda yiyeceklerini segebilirler; ancak insan
gbzetiminde beslenenler se¢cim sansina sahip degildir. Bu nedenle beslenme programlari
yanlis diizenlenirse hayvan saglig1 ve bazi durumlarda insan saglig1 olumsuz etkilenebilir.
Besin maddesi ihtiyaclarmin dogru belirlenmesi, yem kaynagi ve icerigi saglikli
beslemenin temelidir. NRC, AAFCO, FEDIAF ve ENPFMTA gibi kuruluslar evcil

kedilerin ve kopeklerin besin madde gereksinimlerini belirlemeye yonelik ¢aligmalar
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yapmaktadir. Bu kuruluglar tarafindan verilen degerler yavru, geng, ergin ve yash
hayvanlar i¢in alt sinirlardir; hasta hayvanlar degerlendirilmez (Baran, 2007; Budag,
2016).

Kedi ve kopekler karnivor olarak siniflandirilir; kediler daha bagimli karnivordur,
kopekler ise sinirli sekilde omnivor davranabilir. Kediler avlarini tiiketerek protein, enerji
ve minerallerini karsilar; metabolizmalari hayvansal kaynaklara bagimlidir. Bununla
birlikte az miktarda ot ve bitkisel besinler (%0-3) de tiiketirler. Evcil kedilerde kor
bagirsak yabani kedilere gore daha biiyiiktiir (Baran, 2007; Budag, 2016).

Enerji Gereksinimleri

Kedi ve kopeklerin temel metabolizma i¢in gereken enerji “yasama pay1” olarak
tanimlanir; yavru biiylitme veya siit verimi gibi durumlarda “verim pay1” eklenir. Enerji
ithtiyaci viicut agirhigi, aktivite ve tily yapisina baghdir (Baran, 2007).

Besin Maddeleri

Besin maddeleri, yem ve hayvan dokularinda bulunan, fizyolojik islevlerde rol
oynayan organik ve inorganik bilesiklerdir. Yap1 maddeleri (protein, yag, mineraller,
karbonhidrat), enerji kaynaklari ve metabolik diizenleyiciler (vitaminler, mineraller)
olarak smiflandirilir. Kimyasal yapilarina gore alt1 grupta toplanirlar: su, protein, yag,
karbonhidrat, mineral ve vitamin. Esansiyel olanlar mutlaka diyetle alinmalidir (Budag,
2016).

Proteinler

Proteinler amino asitlerden olusur ve tily, deri, tirnak, tendon, enzim, hormon ve
antikor yapisinda yer alir. Kedilerin protein gereksinimi kopeklere gore yiiksektir;
rasyonlarinda %30-35, dogal ortamda %50-60 civarindadir. Taurin yetersizligi goz,
bagisiklik ve gelisimi etkiler; arginin eksikligi ise ciddi saglik sorunlarina yol acar.
Kopeklerde protein ihtiyact yavrularda %22-25, eriskinlerde %8-15’tir (Oguz, 2016).

Karbonhidratlar

Karbonhidratlar organik bilesiklerdir; bitkisel yemlerde bol, hayvansal yemlerde
%1-1,5 oranindadir. Kediler dogal diyetlerinde karbonhidratlar %5-10 diizeyindedir.
Fazla seker ishal ve bagirsak florasi bozukluguna neden olabilir. Képek diyetlerinde
nisasta temel enerji kaynagidir; tahillar ekonomik ve sindirilebilir enerji saglar. Pigirme

ve ekstriizyon nisasta sindirilebilirligini artirir (Budag, 2016; Inal ve ark., 2017).
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Yaglar

Kediler diyet enerjisinin %50’sini yagdan saglayabilir; linoleik, aragidonik ve
DHA gibi esansiyel yag asitleri gereklidir. Kopeklerde yag sindirimi yiiksek (%92) ve
diyetlerde hem hayvansal hem bitkisel yaglar kullanilabilir (Budag, 2016; Oguz, 2016).

Vitaminler

Vitaminler metabolik siire¢lerde koenzim veya kofaktor olarak gorev yapar.
Yagda ¢oziinen (A, D, E, K) ve suda ¢oziinen (B kompleks, C) olarak siniflandirilir.
Kediler ¢ogu vitamini sentezleyemez; D vitamini kopeklerde de disaridan saglanmalidir
(Budag, 2016; Baran, 2007).

Mineraller

Mineraller dokularda sentezlenemez ve %4-5 oranindadir. Makro (Ca, P, Mg, K,
Na, Cl, S) ve mikro (Fe, Cu, Zn) olarak ayrilir. Kalsiyum ve fosfor orani ideal olarak
1.2/1.0 olmalidir; kemik ve kemik unu en iyi kaynaktir. iz elementler (Fe, Cu, Zn)
karaciger ve ette bol bulunur; kopeklere haftada bir pismis kaburga kemigi verilmesi ¢cene
ve dis gelisimi i¢in faydalidir (Budag, 2016; Baran, 2007).

Kedi ve Kopeklerde Besleme Tipleri

Tam ve dengeli bir yem i¢in besleme yonergeleri, hayvanin yasam evresi igin
birim zaman basina, hayvanin kilosuna gore en azindan ne kadar miktar verilecegini
belirtmelidir. Tiim yasam evresi {liriinleri, gebelik/emzirme, biiyiime ve bakim i¢in ¢esitli
beslenme yonlerine sahip olmalidir. Bir evcil hayvan mamasinin, evcil hayvaninizin
besleme ihtiyaglarimi karsilaylp karsilamadigini, etiketindeki beslenme yeterliligi
beyanina bakarak belirleyebilirsiniz. Bu ifade ‘tam ve dengeli’ ibaresini iceriyorsa,
iriiniin bir evcil hayvanin yegane diyeti olarak beslenmesi amaglanir ve beslenme
yoniinden dengeli olmalidir. Ikramlar, atigtirmaliklar ve takviyeler tipik olarak bir evcil
hayvanin tek diyeti olarak tasarlanmadigindan dolay1 bu iiriinler genellikle tam ve dengeli
degildir (McGrath ve ark, 2018; Jouanne ve ark., 2021).

Son zamanlarda insanlarla beraber yasayan kedi ve kopek sayisinda artig olmasi,
ozellikle evdeki bireylerin yogunlugu ve hatta evcil hayvan sahiplerinin kendilerine dahi
vakit ayrramamalar1 sonucu bakimini istlendikleri evcil hayvanlarin beslenmesinde
devamli olarak kuru ve yas mamalarin kullanilmasi zorunlulugunu dogurmustur (Dzanis,
1994).

Kati - Kuru Mamalar

Kedi ve kopek mamasi formiilasyonu olusturulurken, mamanin NRC tarafindan

belirlenen beslenme ihtiyaglarini karsiladigi siirece bu besin seviyelerini elde etmek i¢in
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kullanilan maddelere ya da igeriklere ¢ok dénem verilmemeye baslanmistir. ik defa
1968’de AAFCO kurulmasiyla hileli iiretim siire¢lerinde bir miktar azalma gézlenmistir.
Bu kar amaci1 beslemeyen organizasyon goniillii olarak {ireticiler i¢in liretim ve etiketleme
ile ilgili prensipleri olusturmustur (Dzanis, 2014; Montes de Oca ve ark., 2017).

Kuru mamalar ekstruder ile {retilebildigi gibi ev tipi firinlamayla da
hazirlanabilir; %6—10 nem igerir ve genellikle tahil, et, balik, tavuk, yag, siit liriinleri,
vitamin ve mineral takviyeleri igerir. Enerjileri 3000-4500 kcal ME/kg’dir. Kuru mamalar
sulu mamalara gore ekonomiktir; dezavantajlar ise diisiik yaglilarin daha az lezzetli ve
yogun iglem nedeniyle sindiriminin azalmis olmasidir (Kiigiik, 2024).

Kedi ve kopek mamalarinda temel tahillar piring, misir ve bugdaydir. Misir corn
meal, corn grit veya germ (ruseym) formunda kullanilabilir; corn grit daha yiiksek
sindirilebilir nisasta, corn meal ise daha fazla fiber ve protein icerir. Bugdayin gluten
icerigi baz1 hayvanlarda alerjiye yol acabilir; siit, soya ve et proteinleri de alerjiye neden
olabilir. Piring hipoalerjenik olup daha giivenlidir (Kiigiik, 2024).

Fiber kaynaklar1 seker pancari posast, piring ve bugday kepegi, domates, elma ve
narenciye posasi, yer fistig1 kabuklari, seliiloz ve bezelyedir. Piring kepegi (%22 fiber,
%20 yag) ve seker pancari posast (%60-80 fiber) kedi ve kopek diyetlerinde ideal fiber
kaynaklaridir. Fiber bilesenleri hizli ve yavas fermente olabilen sekilde dengelenmelidir;
hizli fermentasyon digkiy1 sulandirirken, yavas fermentasyon su tutarak ishal ve kabizlig1
onler (Kiiciik, 2024).

Eser elementler organizma i¢in esansiyel olup eksikligi veya fazlaligi ciddi saglik
sorunlarina yol agabilir. Onemli eser elementler Cu, Fe, Mn, Zn ve Se’dir. ICP-OES
yontemi ile analiz yapilabilir (Or, 2019).

Bakir, tim pet mamalarinda bulunur; fazla bakir karaciger birikimine ve
hepatopatiye yol agabilir. Ozellikle baz1 kdpek irklarinda (Bedlington Terrier, West
Highland White Terrier, Skye Terrier, Dalmagyali) ve kedilerde genetik yatkinlik
nedeniyle risk ytiksektir (Or, 2019).

Demir, bakir gibi oksidatif hasar olusturabilir; fazla alim hepatosit kayb1 ve
inflamasyona neden olur. Cinko, organik kaynaklardan (¢inko metiyonin, propiyonat)
daha yiiksek biyoyararlanima sahiptir. Eksikligi gastrointestinal hastaliklar, istahsizlik ve
deri sorunlarina yol acar; yiiksek diizeyleri karaciger hastaliklar1 ve bakir birikiminde

koruyucudur (Or, 2019).
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Selenyum eksikligi kopeklerde miyopati ve miyokardiyal dejenerasyona,
eriskinlerde kas dejenerasyonuna yol agar; yeterli Se ise kil gelisimi, eklem ve deri sagligi
ile antioksidan ve immiin destek saglar (Or, 2019).

Cig Mamalar

BARF (Biyolojik Olarak Uygun Cig Gida), kopek ve kedilerin ¢ig et, i¢ organlar,
kemikler ve bazen de siit iirlinleri veya yumurta gibi 1s1l islem gormemis hayvansal
tirtinlerden olusur (Freeman ve ark., 2013). Son yillarda Avrupa'da evcil hayvan sahipleri
arasinda bu diyet popiilerlik kazanmaya basladi, bazi iilkelerde bu oran %50'yi agsmaktadir
(Corbee ve ark., 2013). BARF diyetleri ticari olarak temin edilebilir veya evcil hayvan
sahipleri tarafindan tarifler kullanilarak hazirlanabilir (Dillitzer ve ark., 2011). Ancak
evde hazirlanan mamalar genellikle resmi beslenme yonergelerine uymamakta (6rnegin,
NRC, 2006; FEDIAF, 2019), besin dengesizlikleri ve ilgili hastaliklar riski
olusturmaktadir (Taylor ve ark., 2009; Heinze ve ark., 2012).

Yabani veya c¢iftlik hayvanlarinin pismemis dokularini iceren diyetler kopek ve
kediler i¢in taze ya da dondurulmus sekilde ticari olarak {iretilmekte ya da evde
hazirlanmaktadir. Bu besleme sekli ‘Biologically Appropriate Raw Food’ veya ‘Bones
And Raw Food’ (BARF) olarak isimlendirilmektedir.

Cesitli ¢aligmalar, BARF diyetlerinin 1s1l islem gormiis ticari diyetlere kiyasla
daha ytiksek ham protein sindirilebilirligine ve lezzetine sahip oldugunu gostermektedir
(Crissey ve ark., 1997; Kerr ve ark., 2012). Ancak, bu diyetin uzun vadeli saglik
yararlarin1 veya belirli hastalik durumlarinda kullanimini1 destekleyen bilimsel veriler
sinirlidir (Schlesinger ve Joffe, 2011). Bu diyetin savunuculari, iddialarin1 genellikle
kiiclik orneklemli kisa siireli caligmalara veya hakemli olmayan popiiler yayinlara
dayandirmaktadir (Morgan ve ark., 2017).

Ozellikle kuru mamanin iiretim siireci esnasinda besin degerinin kayboldugu
diisiincesi, baz1 hayvan sahiplerini ‘daha saglikli’ oldugu diisiiniilen BARF beslemeye
yoneltmektedir. Amerika Birlesik Devletleri Hastaliklar1 Kontrol ve Onleme Merkezi
(CDC), Diinya Kii¢liik Hayvan Veterinerligi Birligi (WSAVA), American Veterinary
Medical Association (AVMA) gibi kurumlar ise bu konuda yayinladiklari bilgi notlarinda
genellikle BARF beslenme seklini hayvan sahipleri i¢in hastalik riski tasimasindan dolay1
onaylamadiklarini ifade etmektedir.

BARF diyet modelinde yaygin olarak kullanilan ¢ig kemikler, kabizlik,

gastrointestinal perforasyon ve dis kiriklart gibi riskler tasimaktadir (Thompson ve ark.,
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2012). Ayrica, tiroid dokusu iceren etin kullanimi diyet kaynakli hipertiroidizme yol
acabilir (Kohler ve ark., 2012).

BARF beslemenin, veteriner hekimler ve saglik uzmanlar1 tarafindan daha
zorlayici oldugu ve kafa karistirici oldugu ifade edilmesine ragmen, basit ve anlasilabilir
bir yol izleyerek, hayvan sahipleri arasinda evcil hayvanlarinin sagligina 6zen gosterme
ve iyilestirmeye yonelik psikolojik bir arzuya cevap verdigi fikri 6ne siiriilmiistiir (Davies
ve ark., 2019).

Bu diyet yaklasiminin en 6nemli sinirlayici faktorlerinden biri mikrobiyolojik
giivenliktir. Cig et ve yan Triinleri, Salmonella tiirleri, Escherichia coli O157:H7,
Campylobacter jejuni ve Listeria tiirleri gibi zoonotik patojenlerle kontaminasyon riski
tagir (Weese ve ark., 2005; Bohaychuk ve ark., 2006; Lenz ve ark., 2009). Bu patojenler
hem hayvanlarda klinik enfeksiyonlara hem de hanelerde zoonotik bulasmaya neden
olabilir (Morley ve ark., 2006; Leonard ve ark., 2011). Risk, 6zellikle bagigiklik sistemi
baskilanmis bireyler, ¢ocuklar, yaslilar ve hamile kadinlar i¢in yiiksektir (Finley ve ark.,
2006; Kukanich, 2011).

Bu nedenle, iireticiler ve hayvan yetistiricileri, BARF diyetlerini uygularken
hijyen, depolama kosullar1 ve gida giivenligi konusunda son derece dikkatli olmalidir.
Giivenilir ve kayith ireticilerden {iriin temin edilmesi ve evde hazirlanan tarifler i¢in
beslenme uzmanlari tarafindan 6nerilen dengeli tariflerin kullanilmas1 Onerilir. Ayrica,
zoonotik hastalik riskini azaltmak i¢in beslenmeden sonra g¢evresel ve kisisel hijyene
dikkat etmek ¢ok onemlidir (Lejeune ve Hancock, 2001; Hellgren ve ark., 2019).

Bir metagenomik calismada, digki bakteri cesitliliginin, geleneksel olarak
islenmis gidalarla (6rnegin, kuru mama) beslenen bes kopekle karsilastirildiginda, ¢ig
beslenen alt1 kopekte digki bakteri ¢esitliliginin daha ytliksek oldugu goriilmiistiir (Kim ve
ark. 2017). Tavsan bazli ¢ig diyetle biiylitilen yavru kedilerin digki kalitesine
bakildiginda, ticari diyetle beslenen akranlarina goére daha 1yi olduklarimi fakat benzer
sekilde biiyiidiikleri gozlemlendi. Hamper ve ark. (2017) tarafindan bagka bir kedi
besleme denemesinde, ticari bir ¢ig diyet, takviye edilmis bir ¢ig tavuk diyeti ve konserve
diyeti karsilagtirdi. Ayn1 ebeveynden ardisik yavrulari, farkli {i¢ diyette de benzer sekilde
bliytidii, sadece klinik patoloji analizleri kiiglik farkliliklar gosterdi ve hem ¢ig hem de
pismis ve islem gormiis diyetlerde ishal ile karsilasildi. Bir yil kadar siiren benzer calisma
da, ¢ig beslenen kopekler arasinda 6nemli 6l¢lide daha az bagirsak dis1 bulasici hastalik

epizodu kaydedildi, fakat bu, hayvan sahibi tarafindan bildirilen verileri kullanarak ve az
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sayida (38) vakayla calisildi. Bulasict olmayan hastaliklarda ise onemli bir fark
gbzlemlenmedi. (Davies ve ark., 2019).

Cig evcil hayvan mamalar1 (EC) No 1069/2009 Yonetmeligine tabidir. Evecil
hayvan mamalarinda izin verilen bu yan iirinler ‘Kategori 3° smiflandirmasina girer
(Shurson ve ark, 2023). Ayrica, insan tiiketimine uygun olmayan iiriinlerin bir mezbahada
kesilmesi ve Olim sonrasi incelemede bulasict hastalik kaniti  bulunmamasi
gerekmektedir. 2011 tarihli Gida Giivenligi Modernizasyon Yasasi, tehlikeli olduguna
dair vurgu yaparak, evcil hayvan gida sektorii i¢in kademeli olarak daha fazla diizenleme
getirmesine ragmen, ham evcil hayvan gidalari, devletler tarafindan ¢ok az veya hig
diizenleyici gdzetim olmaksizin iiretilmektedir (Davies ve ark., 2019).

BAREF diyetleri igerigine gore ‘klasik (tam) BARF’ ve ‘kismi BARF’ olarak
ayrilir. Klasik BARF tahil igermezken, kismi BARF dari, makarna veya patates gibi
karbonhidratlar icerir. Dengeli bir diyetin %50 karbonhidrat, %40 protein, %5-2 mineral
ve lif icermesi Onerilse de bazi arastirmalar diyetin %70’inin et ve sakatat, %30’unun
sebze ve meyve olmasini tavsiye eder (Yildiz, 2021).

Ticari BARF firtinleri farkli hayvan kas ve i¢ organlari, kemikler ve ¢esitli meyve-
sebzelerden olusur. BARF tercihinin nedeni, kuru mamalara kiyasla saglik agisindan daha
faydali oldugunun diistiniilmesidir. Kemik ve biiylik et pargalarmin dis sagligim
destekledigi, akciger ve trakea dokularinin plak ve dis eti iltihabin1 azalttig
bildirilmektedir. Ancak dogada ¢ig beslenen kurtlarda da periodontit goriilmesi, dis
saglig1 avantajinin kesin olmadigini gosterir. Kemik parcalart dis kirigi, kabizlik ve
sindirim sistemi yaralanmalarina yol agabilir.

BAREF diyetiyle beslenen hayvanlarda kalsiyum/fosfor dengesizlikleri ve vitamin
eksiklikleri gozlenebilir. Yiiksek kemik tliketimi yavru kopeklerde iskelet sorunlar
olusturabilir, mineral eksiklikleri genellikle 18—24 ay sonra ortaya ¢ikar. Asir1 kalsiyum
ve fosfor idrar kesesi taslarina katkida bulunabilir. Ayrica kontrolsiiz iyot alimi tiroid
hastaliklarina yol acabilir, eksiklik ise biiyiime, kil dokiilmesi, lireme ve performans
sorunlarina neden olabilir (Y1ildiz, 2021).

Ev yapimi BARF diyetleri, beslenme uzmanhigi ve bilimsel verilerle
desteklenmediginde eksiklik ve dengesizlik riski tasir. Ticari ¢ig diyetler de genellikle
bilimsel ¢alismalar olmadan formiile edilir. Biyoyararlanim eksiklikleri, 6rnegin tam ham
tavsan diyetiyle birkac¢ aylik besleme sonrasi taurin eksikligine bagli kardiyomiyopati

olustugu calismalarda gézlemlenmistir (Davies ve ark., 2019).
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Diger bir problem ise ciftlik hayvanlarmin tiroid bezinin bulundugu boyun
kismiyla hazirlanmig BARF diyetiyle beslenen kopeklerde gelisen Alimenter
hipertiroidizm’dir. Fakat bu durum BARF besleme kesildigi zaman normale
donmektedir.

Tek hiicreli (protozoon) ya da c¢ok hiicreli (helmint) bazi parazitler, ¢iftlik
hayvanlarina ait et ve dokularin pisirilmeden yenilmesi ile kedi ve kdpeklere bulasabilir.
Bu parazitler arasinda zoonoz denilen ve insana bulasma ihtimali olan tiirler de
bulunmaktadir. Hayvana ait et ve dokularin ¢ig yenilmesi halinde kedilere Toxoplasma
gondii, Sarcocystis spp., Cystoisospora spp., ve Trichinella spp., kopeklere Sarcocystis
spp., Neospora  caninum,  Echinococcus  granulosus,  Cystoisospora  spp.,
Cryptosporidium spp., Taenia hydatigena, Taenia multiceps, Taenia ovis, Trichinella
spp. ve Toxocara canis benzeri parazitler bulasir. Tiirkiye’de bu parazitlerin biiyiik bir
cogunluguna ciftlik hayvanlarinda yiiksek oranlarda rastlanmaktadir (Yildiz, 2021).

Patojenlerin konak organizmadan atiliminin bir sonucu olarak c¢evresel
kontaminasyon ile bulas olmasi da miimkiindiir, bu sayede evcil hayvan asemptomatik
bir tasiyict olabilir. Bagisiklig1 baskilanmis kisiler, diger bir deyisle evcil hayvanlar ile
birlikte yasayan cocuklar, yaslilar ve hamile kadinlar i¢in ¢ok daha dikkat edilmesi
gerekmektedir. Bu nedenle, kopek ve kedileri BARF diyet ile beslemenin riskleri
hakkinda evcil hayvan sahiplerini uyarmak ve onlar1 giivenli bir sekilde nasil
uygulayacaklar1 hakkinda bilgilendirmek gerekmektedir. BARF diyet ile beslenen evcil
hayvanlarla temasta olan hayvan sahipleri kisisel hijyeninin saglanmasi, su ve mama
kaplarinin diizenli olarak temizlenmesi ve dezenfekte edilmesi i¢in kisisel ve ¢evresel
hijyenin 6neminin vurgulanmasi ¢ok dnemlidir. Patojenin temas yoluyla bulagma riskinin
en yiiksek oldugu durumlarda, temasin veya beslenmeden hemen sonraki temasin
kesilmesi tlizerinde Ozellikle durulmaktadir. Kopek ve kedinin paraziter hastaliklarini
diizenli olarak kontrol edilmesi icin evcil hayvan sahibi uyarilmalidir (Brozic ve ark.,
2020).

Evcil hayvanlarinin BARF diyetine uygun olup olmadigini bilmek de hayati 6nem
tasir. Ornegin; bobrek ve karaciger patolojisi olan hayvanlar, pankreatit dykiisii olanlar,
bliylimenin erken evresindeki dev kopek irklari, bozulmus bagisiklik durumu olanlar ve
formiilasyona 6gitiilmiis kemiklerin eklenmesinden dolay1 sindirim sistemi bozulmus
hayvanlar BARF diyetine uygun degillerdir (Brozic ve ark., 2020).

Ureticiler, iriinlerinin kullanim talimatlarinda, yemegin islenmesi ve hazirlanmasi

i¢in uygun prosediirii belirtmelidirler. Ornegin; 10°C sicaklikta bir buz ¢ézme prosediirii
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ve diyetin bir kisminin buzunun ¢6ziilmesi i¢in bir hazirlik prosediirii bulunmalidir. Buzu
¢cozlilmiis bir BARF diyeti paketinin bir daha dondurulamayacagi hakkinda sahiplerin
bilgilendirilmesi gerekmektedir. Besleme yaparken mama kabindaki mama miimkiin
oldugu kadar kisa tutulmali ve eger hayvan yemeyi reddederse mama kaldirilmalidir

(Brozic ve ark., 2020).

SONUC

BARF diyetleri yiiksek sindirilebilirlik ve dogal igerikler sunsa da, besin
dengesizligi, mikrobiyolojik kontaminasyon ve zoonotik bulagsma riski nedeniyle dikkatli
ve bilimsel olarak saglam bir degerlendirme gerektirir. Bu beslenme modelinin giivenli
ve dengeli bir sekilde uygulanmasimi saglamak icin daha fazla arastirmaya,
standartlastirilmis  iiretim protokollerine ve veteriner beslenme kilavuzlarinin
gelistirilmesine ihtiyag vardir. BARF diyetlerle beslenen hayvanlarimizi yilda bir kez
saglik taramasindan gecirmek gerekir. Bu mamalar1 kullanan hayvan sahiplerinin
veteriner hekim hayvan besleme uzmanindan yardim almasi hayvanin sagligi acisindan
Oonemlidir.

Cikar Catismasi Beyani: Yazarlar arasinda ¢ikar ¢atismasi bulunmamaktadir.
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Ozet: Kiiciikbas hayvan islahinda, uzun yillar fenotipik veri ve pedigri temelli seleksiyon
yontemlerine dayali bir 1slah benimsenmistir. Ancak bu yontemler, kantitatif 6zelliklerde genetik
ilerlemenin yavas seyretmesine neden olmustur. Molekiiler teknolojilerdeki hizli gelismeler,
genomik seleksiyon (GS) ve genom boyu iliskilendirme ¢aligmalar1i (GWAS), tiim tiirler gibi
hayvancilik alaninda da yillarca uygulanan 1slah yontemine ¢ok farkli bir bakis acisi
kazandirmistir. GS, yiiksek yogunluklu tek niikleotid polimorfizmi (SNP) cipleri sayesinde
materyalin genomik damizlik deger tahminini (GEBV) hesaplayarak, ekonomik o6zellikler
bakimindan iyi olan damizligin erken yasta belirlenmesine imkan saglamistir. GWAS teknolojisi
ise, yalnizca hayvanin ekonomik verim ozellikleri ve hastalik direnciyle iliskili gen bdlgelerini
ortaya koymakla kalmayip, ayn1 zamanda hayvanin bolgeye adaptasyon yetenegi, davranissal
ozellikleri, ¢cevresel faktorlere toleransi ve ilgili ekonomik verimin kalitesi gibi pek ¢ok 6zelligin
genetik yapisini da ortaya ¢ikarmaktadir. Islah modelleri molekiiler teknolojilere dayandiriimaya
basladig1 donemlerde, Oncelikli olarak, klasik tek lokus GWAS teknikleri kullanilmaktaydi, son
donemlerde ise ¢oklu lokus GWAS (ML-GWAS) yaklasimlari ile birden fazla lokus ayni1 anda
analiz edilebilmektedir. Boylece poligenik yapilarin daha dogru ve yiiksek c¢oziniirliikle
cOziimlenmesine olanak saglamaktadir. Bu derlemenin amaci, diinyada kirmiz1 et iiretiminde
onci kiigiikbas hayvanlarin sagladiklar yiiksek kaliteli protein ile insan beslenmesinde kritik bir
rol istlenmeleri nedeniyle, fenotip ve pedigri temelli 1slah yontemlerinden modern genomik
seleksiyon ve farkli GWAS yaklasimlarina gegis siirecini, son yillarda yapilan literatiirler 1s181nda
degerlendirmektir. Ayn1 zamanda verim, iireme performansi, hastalik direnci, adaptasyon ve
cevresel tolerans gibi ¢ok boyutlu 6zelliklerin genetik iyilestirilmesine odaklanmis ¢aligmalari
sunmaktadir.

Anahtar Kelimeler: Genetik ilerleme, genomik seleksiyon, GWAS, kii¢likbag hayvan 1slahi,
koyun ve kegi, omik teknigi

Genomic Selection and Genome-Wide Association Analysis (GWAS) Technology
in Small Ruminant Breeding Globally

Abstract: In small ruminant breeding, selection programs were long based on phenotypic data
and pedigree-based models. However, these methods led to slow genetic progress, especially for
quantitative traits. Rapid advancements in molecular technologies—particularly genomic
selection (GS) and genome-wide association studies (GWAS)—have introduced a fundamentally
new perspective to livestock breeding, as in all other biological fields. GS enables the estimation
of genomic breeding values (GEBVs) using high-density single nucleotide polymorphism (SNP)
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chips, thereby shortening the generation interval and allowing the early identification of animals
with superior economic traits. GWAS technology not only identifies genomic regions associated
with economically important performance traits and disease resistance, but also reveals the
genetic basis of a wide range of characteristics, including environmental tolerance, behavioral
traits, adaptation ability, and the quality of relevant production traits. In the early stages of
integrating genomic technologies into breeding programs, classical single-locus GWAS methods
were primarily used; however, in recent years, multi-locus GWAS (ML-GWAS) approaches have
enabled the simultaneous analysis of multiple loci, providing a more accurate and higher-
resolution understanding of polygenic architectures. The aim of this review is to evaluate, in light
of recent literature, the transition from traditional phenotypic and pedigree-based breeding
approaches to modern genomic selection and various GWAS methodologies, considering that
small ruminants play a critical role in human nutrition by contributing high-quality protein and
are among the leading species in global red meat production. It also summarizes studies focusing
on the genetic improvement of multidimensional traits such as production, reproductive
performance, disease resistance, adaptation, and environmental tolerance.

Keywords: Genetic progress, genomic selection, GWAS, small ruminant breeding, sheep and
goats, ohmic technique

GIRIS

Insanhigin saglikli beslenmesini siirdiirebilmesi ve kirmizi ete olan ihtiyacin arz
talep dengesini korunmasi i¢in 6nemli olan kiigiikbas, diinya tizerinde her bdlgede yaygin
olarak yasayabilen, bir¢ok irkinin birbiriyle i¢ ige girdigi, ¢esitliligin ¢ok yiiksek oldugu
ve en fazla popiilasyona sahip, iiretkenlik ve lireme potansiyelleri nedeniyle diinya
capinda en 6nemli evcil tiirlerden biridir (Tobar ve ark., 2020). Hayvancilikta genetik
tyilestirmenin hedefi, genellikle siit verimi veya et kalitesi gibi kantitatif veya karmagsik
ozelliklerin artirllmasidir.  Geleneksel genetik 1yilestirme, her hayvanin kayith
fenotipinin, soyagaci bilgisiyle birlikte kullanilmasiyla, ireme degerinin (BV) tahmin
edilmesine dayanmakta ve ¢cogunlukla en iyi dogrusal tarafsiz secilim (BLUP) olarak
bilinen istatistiksel yontem kullanilmaktadir (Henderson, 1984). Bu teknoloji o
donemlerde oldukca basarili olmus ve cogu ¢iftlik tiirlerinde genetik kazanim saglamistir
(Van Vleck ve ark., 1986; Havenstein ve ark., 1994). Bu basariya ragmen, genetik
kazanim oranini artirmak ve lireme hedeflerindeki 6zellikleri kontrol eden genleri ve
polimorfizmleri belirlemek i¢in basitce kalitilan genetik belirteclerin kullanilmasina uzun
zamandir ilgi duyulmaktadir (Dekkers & Hospital, 2002). Dekkers’a gore, nesnel bir
ozelligi etkileyen nedensel polimorfizmler belirlenmeli ve bunlar seleksiyon kriterlerine
dahil edilmelidir (Dekkers, 2004). Ancak, bu bilinen nedensel polimorfizmler, yetistirme
hedefindeki genetik cesitliligin yalnizca kiiclik bir kismint agikladigi ve elde edilen

genetik kazanima cok kiiclik bir katkida bulundugu i¢in, nesnel 6zellikleri etkileyen
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nedensel polimorfizmlerin bir¢ogunun belirlenememesinden dolayr siirli kalmistir
(Goddard, 2010).

Arastirmacilar, yeni genetik belirtec teknolojileri kesfedildik¢e, onceden bir
baglanti beklemese bile bazi genetik belirteclerin (6rnegin sigir kan gruplari) siit verimi
gibi kantitatif 6zelliklerle iliskili olup olmadigini test etmislerdir. Hatta baz1 caligmalarda,
kan gruplari ile siit verimi arasinda iligki bulmuslar, ancak bu iligkinin gercek bir nedensel
etki olmasindan ¢ok, kan grubu genleri ile siit verimi iizerinde etkili QTL’lerin genomda
yakin noktada olmasindan kaynaklanan baglantidan (linkage) oldugu diistinmiislerdir
(Neimann-Sorensen ve Robertson, 1961; Rendel, 1961). Genomu kaplayan ilk genetik
belirteclerden birisi mikrosatellitler olup, QTL tespitinde dnemli bir teknolojik gelisme
olarak bilinmektedir. Bir genomu kaplamak i¢in genellikle 100-200 mikrosatellit
kullanilmakta ve 6zellikle ¢ekirdek ailelerde baglant1 analizleriyle QTL belirlenmesine
yardimci olmaktadir (Georges ve ark., 1995). Mikrosatellit teknolojisinde QTL’ler diisiik
hassasiyetle haritalanmakta (yaklasik 50 cM giiven araligi) ve belirte¢—QTL baglant1 fazi
aileler arasinda degisebilmektedir. Bu nedenle belirteclerin seleksiyonda kullanilabilmesi
icin baglant1 fazinin her ailede ayr1 ayri belirlenmesi gerekmektedir. Fernando ve
Grossman, bu belirte¢ destekli seleksiyon yontemini BV'leri tahmin etmek icin genel bir
yontem olarak kullanmiglardir (Fernando ve Grossman, 1989). Bir diger teknolojik
gelisme ise QTL haritalama c¢alismasidir. QTL haritalama calismalarinda, belirteg
destekli seleksiyondaki kazanimin, belirteclerin agikladigi genetik varyans oraniyla
neredeyse orantili oldugunu gostermistir. Bu bulgu, tiim QTL’leri birlikte kullanan ve aile
bazinda baglanti fazin1 belirlemeye gerek duymayan yeni bir belirte¢ destekli seleksiyon
yaklagiminin gelismesini saglamistir (Meuwissen, 2001; Goddard, 1996). Ek olarak,
birgok QTL'nin tipik bir kantitatif ozelligi etkiledigini gostermiglerdir (Hayes ve
Goddard, 2001; Chamberlain ve ark., 2007). Meuwissen ve arkadaslari, simiilasyonla,
tim genomu kapsayan ve QTL ile baglant1 dengesizligi (LD) i¢inde bulunan yogun bir
belirte¢ panelinin kullanilmasinin, seleksiyona verilen yanitta biiylik artiglara yol
acabilecegini gostermislerdir (Meuwissen ve ark., 2001). Kisacasi, bu tiir belirte¢ destekli
seleksiyon yoOntemlerine genomik seleksiyon denilmekte ve makul bir maliyetle
genotiplendirilebilen binlerce tek niikleotid polimorfizminden (SNP) olusan panellerin
kullanilmasiyla, bu yontem pratikte siit sigircilig1 yetistiriciliginde hali hazirda yaygin

olarak kullanilmaktadir (Dalton, 2009).
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Kiiciikbag hayvancilik, ozellikle gelismekte olan iilkelerde kendine 06zgii
fizyolojik yapisi ile protein ve kirsal niifusun ge¢im kaynagi olarak kritik 6neme sahiptir.
Her agidan bu kadar degerli olan kiiciikbas tiiriiniin yetistirilmesi ve 1slahi, hatta modern
1slah teknolojilerinin uygulanmasi elzem bir durumdur. Gerek her hayvanin kayith
fenotipinin, soyagaci bilgisiyle birlikte kullanilmasiyla olan geleneksel genetik
iyilestirme, gerekse molekiiler teknolojiler sayesinde olusan GS ve GS’a yardimci bir
teknoloji olan GWAS, biiylikbastan sonra kiigiikbasta da kullanilmaya baglamistir. Son
yillarda Avustralya’da et¢i koyunlarda (Daetwyler ve ark., 2010, 2012a, 2012b), Yeni
Zelanda’da (Auvray ve ark., 2014), Fransa’da siit¢ii koyunlarda ve Fransa (Carillier ve
ark., 2013, 2014) ile Birlesik Krallik’ta (Mucha ve ark., 2015) siit¢ii kegilerde bu teknoloji
degerlendirilmistir. Sigirlarla karsilastirildiginda, kiigiikbaslarda genotipleme maliyetinin
hayvan degerine gore daha yiiksek olmasi, bu teknolojinin koyun ve keci 1slahinda yaygin
olarak benimsenmesini ekonomik agidan zorlastirmaktadir (Rupp ve ark., 2016). GS ile
ilgili olarak molekiiler teknolojilerinde igerisinde oldugu SNP’ler ile tahmin edilen
genetik degerlere dayal1 seleksiyonun, 6zellikle generasyonlar arasi siireyi kisalttig1 icin
iireme teknikleriyle birlestirildiginde, hayvanlarda ve bitkilerde genetik kazanim oranini
onemli Olciide artirabilecegini bildirilmistir (Meuwissen ve ark., 2001). Ayrica, GS tim
genomu kaplayan genetik belirteglerin kullanildig1 ve kantitatif 6zellik lokuslarinin en az
bir belirtecle LD oldugu bir belirteg destekli seleksiyon (MAS) bigimi olarak
tanimlanabilmektedir. Bu yaklasim, genom dizilimiyle kesfedilen ¢ok sayida SNP'yi,
verimli bir sekilde genotiplemek i¢in yeni yontemler sayesinde uygulanabilir hale geldigi
bildirilmistir (Goddard, ve ark., 2007).

GWAS ise tanim olarak, genom capinda SNP ile fenotip — genotip iliskisinin
istatistiksel olarak tanimlanmasmi saglayan bir calismadir. Genom c¢apinda iliski
calismalari, genetik bolgeler (lokuslar) ve 6zellikler (hastaliklar dahil) arasindaki iliskileri
belirlemek i¢in hipotez icermeyen yontemler olarak tanimlanmaktadir. GWAS genellikle
yaygin SNP’leri analiz ettigi i¢cin dogrudan nedensel varyantlar1 belirlemez; bunun yerine,
nedensel varyanti igeren LD bolgelerini igsaret eden SNP’leri tanimlamaktadir. Tipik bir
GWAS c¢alismasi, genom capindaki SNP dizilimlerini kullanarak belirli bir 6zellige sahip
olan ve olmayan bireylerdeki ortak genetik varyantlar1 karsilastirarak, bu iliskiyi
istatistiksel testlerle degerlendirmektedir. GWAS’ta p-degeri, test edilen alelin vakalar ve

kontroller arasindaki frekans farkinin istatistiksel Onemini gostermektedir. GWAS
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sonuclar1 genellikle SNP konumlarina karsi -logl0(p) degerlerinin ¢izildigi Manhattan
grafikleriyle sunulmaktadir. Bu derlemenin amaci, insan beslenmesinde kritik bir rol
iistlenen ve diinyada kirmizi et {iretiminde Oncii tiir olan kiiciikbas hayvanlarda, fenotip
ve pedigri temelli seleksiyon yontemlerinden, genomik seleksiyona kadar uzanan gelisimi
ve molekiiler diizeyde yliksek bir teknoloji olan GWAS’1in GS’a katkilarini son yillarda
yapilan literatiirler 1s181nda degerlendirmektir.

Diinyada ve Tiirkiye’de GS Uygulamalart

Diinyada GS, biiylikbasta oldugu gibi kiigiikbas hayvan 1slahinda da genetik
ilerlemeyi hizlandirmak ve miimkiin olan erken yasta isabetli derecesi yliksek damizlik
deger tahmini yapmak i¢in en etkili yontemlerden biri haline gelmis olup, lizerinde ¢ok
yogun caligsmalar ile her gecen giin gelistirilmeye ve referans popiilasyona katkisini
artmaya devam etmektedir. Genomik seleksiyonun temel amagclar1 arasinda referans bir
popiilasyon olusturulma bulunmaktadir. Bu referans popiilasyonun olusturulmasi i¢inde
yogun ve dogru bir fenotipleme yapilmasi gerekmektedir. Bu temel iistiine genotip -
fenotip arasindaki iliski kurulabilmektedir. Ornegin, Yeni Zelanda’da gogunlugu
Romney olan 13.420 saf ve melez koyun, Bati1 Pirene siit¢ii koyunlarindan yaklasik 1.900
bas koyun (Legarra ve ark., 2014); Birlesik Krallik ve Fransa ke¢i popiilasyonlarinda
sirastyla yaklasik 2.400 ve 2.700 bas keci; Lagune siit¢li koyunlarinda 4.800 bas koyun
(Larroque ve ark., 2014) ve Avustralya’da ¢ok irkli et¢i koyunlarda 8.000 bas koyun
kiiclikbas hayvan referans popiilasyonuna dahil edilmistir (Daetwyler ve ark., 2010,
2012a, 2012b). Bahsedilen {ilkelerin referans popiilasyonlar1 genellikle c¢esitli saf ve
melez wrklardan olugmaktadir. Saf wrklarda en yiiksek popiilasyon biiyiikligii Yeni
Zelanda Romney koyunu (5.300 bas), Avustralya Merinosun koyunu (4.000 bas) ve
Fransiz Lagune koyunu (4.800 bas) olup, diger irklarin popiilasyon i¢indeki sayilar1 100
ile 2.000 bas arasinda degismektedir (Rupp ve ark., 2016).

Tiirkiye’de kiiciikbaglarda GS i¢in referans popiilasyon olusturma caligmalari
izerine bir literatiire rastlanilmamais olup, iilkesel diizeyde kiigiikbasta halk elinde 1slah
projeleri ile fenotip verilerin dogru ve etkin bir sekilde alinmasi saglanmakta ve
geleneksel 1slah modellerine dayali bir seleksiyon uzun siiredir yapilmaktadir. Tiirkiye’de
molekiiler diizeyde yapilan ¢alismalar ise, babalik testi, hastalik direnci ve aday gen
belirleme caligmalar1 olup, GS ve referans popiilasyonlarin olusturulmasi i¢in uygun

zeminlerin olusturulmasi saglanmaktadir. Tiirkiye’de yapilan molekiiler c¢aligmalara
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ornek olarak asagidaki litaretiirler verilebilmektedir. Ornegin, Akkaraman ve Ivesi gibi
yerli irklarda yapilan kalpastatin geni (CAST) polimorfizminin genomik veri altyapisinin
kurulmasina onciiliik ettigi bildirilmistir (Dokg6z ve ark., 2024). Diger bir ¢calismada ise,
Akkaraman tipleri (Karakas, Kangal ve Savak) genetik yapilar1 ve ayni1 bélgede yasayan
diger koyun 1rklarryla (Morkaraman, Ivesi ve Norduz) iliskileri acisindan ilk kez 29
mikrosatelit lokusu kullanilarak degerlendirilmis ve Akkaraman koyun g¢esitlerinin
genetik ¢esitliligine iliskin ilk rapor yaymlanmistir. Bu c¢alisma Tiirkiye’de yerli
popiilasyonlarda genetik varyasyonun korunmasi ve siirdiirtilebilir 1slah programlarinin
temellerinin atilmasinda 6nemli rol oynamaktadir (Ozmen ve ark., 2020). Orta Anadolu
merinosu kuzularinda yapilan bir c¢aligmada ise, gastrointestinal parazit (GIP)
enfeksiyonlarina kars1 direngli olan genetik faktorleri belirlemeye ¢alisiimis ve 13 6nemli
genetik belirteg (SNP) ile bagisiklik ile ilisgkili 2 6nemli gen olan CD79A ve MAP3K7
genlerinin, parazit direnciyle iliskili oldugu bildirilmistir (Arzik ve ark., 2025).

Glinlimiizde genomik seleksiyon tahminlerinde pek cok istatistiksel ve genetik
modeller kullanilmaktadir. Ornegin; Hanwoo sigirlarinin viicut 6lgiim 6zelligi icin
genotiplenmis hayvanlarda soyagacina dayali BLUP (PBLUP-G), geleneksel soyagacina
dayali BLUP (PBLUP), genomik BLUP (GBLUP) ve tek adimli genomik BLUP
(ssGBLUP) yontemlerinden elde edilen tahmin dogrulugunu karsilastirmay1 amacglayan
bir calismada, seleksiyonun tahmini dogrulugu, PBLUP-G, PBLUP, GBLUP ve
ssGBLUP yontemleri kullanilarak degerlendirildiginde sirasiyla 0,02-0,19; 0,22-0,42;
0,21-0,44 ve 0,36-0,55 arasinda degistigi ve oOzellikler genelinde ortalama tahmin
dogruluklari, PBLUP-G i¢in 0,13; PBLUP i¢in 0,34; GBLUP i¢in 0,33 ve ssGBLUP i¢in
0,45 oldugu tespit edilmistir (Naserkheil ve ark., 2020). Bu calismada, GBLUP, SNP
etkilerini sabit varyans varsayimiyla tahmin edilirken, single-step GBLUP (ssGBLUP)
modeli pedigri, fenotip ve genomik bilgileri ayn1 anda degerlendirerek daha yiiksek isabet
derecesi dogrulugu sagladigi calismanin bulgusu olarak goriilmektedir.

GS tahminlerinde kullanilan istatistiksel modellerden biriside Bayes modelleridir.
Bayes modeli olan BayesA’da, her SNP icin farkli varyans degeri varsayilmakta ve biiyiik
etkiye sahip SNP’ler 6n plana ¢ikarilmakta ve kiiciik etkilerde modelde kalmaktadir.
BayesB’de cogu SNP etkisi “0” ve az bir kisminda degisken varyans degeri varsayilmakta
olup, olusturulacak modelde 6nemli SNP’ler secilerek, diger SNP degerleri ihmal

edilmektedir. BayesCn’de ise, m oranmin SNP etkisi sifir olup, SNP varyansi
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degerlendirilmeye alindig1 i¢in BayesCn daha esnektir ve etkisiz SNP’i tamamen dis1
birakildigindan genetik yapiya uyumu diger modellere gore daha yiiksek olmaktadir.
Bayes modeller, SNP etkilerini degisken dagilimlar altinda ele alarak karmasik ve
poligenik 6zelliklerin daha dogru tahmin edilmesine olanak saglamaktadir.

Son yillarda penalize regresyon yontemleri de (6rnegin; LASSO, Elastic Net)
genomik tahmin dogrulugunu artirmak i¢in kullanilmaktadir. Bu yontemlerin
digerlerinden temel farki ise, biiyiik veri setlerinde ve yliksek LD durumunda stabil ve
hizli tahminli dogruluk orani hesaplamasi oldugu bildirilmistir (Waldmann ve ark., 2013).

Diinya’da ve Tiirkiye’de GS uygulamalar1 tiim tiirlerde oldugu gibi kiiciikbas
hayvan 1slahinda hizli, ekonomik ve siirdiiriilebilir genetik ilerleme saglamada énemli bir
devrim niteligi tasiyacagi literatiir ¢alismalari neticesinde goriilmektedir.

GS’de Coklu Ozellikli fyile;tirme

Teknolojinin hizla ilerlemesiyle GS uygulamalari da boyut degistirmis ve yalnizca
tek bir 6zellige odaklanmak yerine birden fazla ekonomik 6neme sahip 6zelligin ayni
anda degerlendirilmesi lizerine yogunlasmistir. Coklu 6zellikli genomik yontemler, dol
verimi, billylime, et/siit verimi, karkas kalitesi ve adaptasyon/fitnes gibi ozellikler
arasindaki genetik korelasyonlar1 dikkate alarak daha dengeli genetik ilerleme
saglamaktadir. Bu yaklagimlar, bir 6zelligin iyilestirilmesinin digerine olumsuz etkide
bulunmasinin olumsuzluklarmi da ortadan kaldirmis, optimum ekonomik kazanci
hedeflemistir.

Bu konuda yapilan bir ¢alismada, 5726 Merinos ve Merinos melezi koyun ig¢in
GEBYV hesaplanirken BayesR ve GBLUP modeller kullanilmis, yiin iiretimi ve kalitesi
ile iliskili konformasyon ozellikleri de dahil olmak {izere aralarinda genetik
korelasyonularinda oldugu 22 6zellik i¢in ¢ok 6zellikli iyilestirme yapilmistir. QTL'leri
haritalamak i¢in ¢oklu 6zellik yaklagimi kullanilmis ve ¢oklu 6zellik yaklagimi ile tek
ozellik yaklasimi sonuclar1 arasinda uyum olmasi, bunlarin pleiotropik QTL'yi tespit
ettigi sonucunu desteklemistir (Bolormaa ve ark., 2017). Bir¢cok ¢alismada 1 Mb’lik
bolgede SNP etkilerinin benzer ve 6zellikler arasi yiiksek korelasyon olmasi, o bolgede
tek bir ana QTL bulundugunu diisiindiirmektedir. Ornekleme hatas1 nedeniyle en anlaml
SNP, 6zellige gore degisebilse de, ¢coklu 6zellik analizi bu hatay1 azaltarak QTL nin daha
hassas konumlandirilmasini saglamaktadir. Ancak koyun genomundaki uzun mesafeli

LD, uzak SNP’lerin bile énemli iligkilere sahip olabilmesine yol acabilecegi gibi, bir
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QTL’e ait SNP’ler, yakin bolgelerdeki diger QTL’lerle karigarak haritalama giiclinii
azaltabilecegi bildirilmistir (Kijas ve ark., 2012). Bu sorunu agmak i¢in tiim SNP’leri
birlikte modelleyen BayesR gibi yontemlerin QTL haritalamasi i¢in uygun oldugu
belirtilmistir (Erbe ve ark., 2012). Bu nedenle modern kiiclikbas 1slah programlari,
genetik ilerlemeyi artirmak i¢in ¢oklu 6zellikli genomik seleksiyon indekslerinin standart
hale getirilmesini hedeflemelidir.

GS’de Referans Popiilasyon ve Imputasyon

Genomik seleksiyon calismalarinda referans popiilasyon, genotip ve fenotip
bilgileri bilinen hayvanlardan olusan temel grup olarak tanimlanmaktadir. Bu
popiilasyonun kullanilmasinin amaci, oncelikle genotip ile fenotip arasindaki iliskiyi
belirleyerek, genomik tahmin modellerinin uygulanmasini saglamaktir. Boylece her
SNP’nin hedef 6zellik iizerindeki etkisi istatistiksel olarak tahmin edilmektedir. Referans
popiilasyonunun biiyiikligi, ¢esitliligi ve fenotip kalitesi arttikca elde edilen genomik
tahminlerin dogrulugu da ylikselmektedir. Ayrica referans popiilasyon, hedef
populasyonun genetik yapisini temsil ettigi i¢cin gelistirilen modeller, gen¢ hayvanlara
dogru uygulanabilecektir. Bu sayede geng bireylerin fenotipleri dl¢lilmeden, yalnizca
genotipleri kullanilarak genomik seleksiyon yapilabilecektir. Kisacast referans
popiilasyon, genomik seleksiyonun temelini olusturan, SNP etkilerinin hesaplandig1 ve
tahmin dogrulugunu belirleyen kritik bir yapidir.

Genomik seleksiyonda kullanilan bir diger 6nemli kavram olan imputasyon,
diisiik yogunluklu SNP paneli ile genotiplenmis hayvanlarda eksik SNP bilgilerinin,
yuksek yogunluklu panelle genotiplenmis referans popiilasyon kullanilarak tahmin
edilmesidir. Imputasyonun temel amaci, genotipleme maliyetini azaltirken ayn1 zamanda
yiiksek SNP yogunlugunun sagladigi avantajlardan yararlanabilmektir. Diisiik maliyetli
panellerle genotiplenen gen¢ hayvanlarin verileri imputasyon ile yiiksek yogunluklu
panele doniistiiriildiiglinde, genomik seleksiyon modellerinin dogrulugu artmakta ve tiim
hayvanlar arasinda panel uyumlulugu saglanmaktadir. Boylece maliyet diiserken tahmin
giicli ylikselmektedir.

Ozetle referans popiilasyon, genomik seleksiyon modellerinin olusturulmasinda
gerekli olan genotip—fenotip iliskisinin Ogrenildigi temel grubu ifade ederken;

imputasyon, diisiik yogunluklu genotiplemenin sagladigi maliyet avantajim1 koruyup,
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yiiksek yogunluklu SNP bilgisinin dogruluk oranina katkisini elde etmek amaciyla,
kullanilan tamamlayici bir yontemdir.

Imputasyon ydntemi konusunda Yeni Zelanda da 5K, 50K ve HD (600K)
yogunlugunda ti¢ farklt SNP paneli kullanilarak genotiplendirilmis ¢ok-irkl1 bir koyun
poplilasyonunda yapilan bir ¢alismada, SK panelinden HD paneline yapilan imputasyon,
5K’dan 50K paneline yapilan imputasyona gore % 0,6 daha iyi sonug verdigi, iki asamali
imputasyon stratejisinin dogrudan 5K — HD imputasyonundan daha yiiksek dogruluk
sagladig bildirilmistir (Ventura ve ark., 2016).

Ayni g¢aligmada, referans popiilasyonunun yapisinin da dogrulugu etkiledigi,
biiylik ve sabit bir referans popiilasyonu kullanildiginda, kii¢iik ve irk-i¢i (within-breed)
referans poplilasyona kiyasla bazi bireylerde ¢ok kiiciik bir dogruluk kayb1 gozlemlendigi
bildirilmistir (Ventura ve ark., 2016).

Diinyada ve Tiirkiye’de GWAS Uygulamast

GWAS’in temelinde, yliksek kapasiteli algoritmali ve teknolojik cihazlar
kullanilarak, hayvandan alinan doku, kan veya benzeri 6rnekler iizerinden bir dizi
laboratuvar analizleri yapilmas: sonucunda, tiim genom capinda binlerce SNP verisi
taranmasidir. Elde edilenden SNP werileri, genotip-fenotip iliskilerini kapsaminda
degerlendirilmektedir. Boylece her materyal i¢in taranan bu bilgiler, GS kapsaminda
GEBYV hesaplanmasinda kullanilmaktadir. GWAS, SNP verileri ile fenotipik 6zellikler
arasindaki iligkiyi istatistiksel olarak test ederek, hedef 6zelliklerle iliskili gen bolgelerini
(lokus) tanimlamayir amaclamaktadir. Bu yaklasim, klasik kantitatif genetik
yontemlerinden farkli olarak, tiim genomu kapsayan genis ol¢ekli taramalar sayesinde
hem major etkili genleri hem de kiigiik etkili poligenik varyantlar1 ortaya ¢ikarmaktadir.

GWAS’1n uygulama alanlarinin bazilar1 asagida maddeler halinde belirtilmistir.

Aday Gen Belirleme

GWAS’m ilk teknolojik gelismelerinden giiniimiize en temel uygulamalarindan
biri, biiylime, siit verimi, karkas kalitesi ve hastalik/parazit direnci gibi ekonomik 6neme
sahip ozelliklerle iligkili gen bolgelerini belirlemesidir. Et¢i koyun irklarinda yapilan
GWAS analizleri sonucunda, Yeni Zelanda'da Romney koyunun’da Myostatin geni ile et
verimi arasinda iliski bulunmustur (Hickford ve ark., 2010). Iran rki koyunlarda LEP
geni ile tim viicut yag agirlig arasinda bir iligki oldugu tespit edilmistir (Barzehkar ve

ark., 2009). DGATI1 geninin, deri alt1 karkas yag derinligi ile iligkili oldugu bildirilmistir
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(Mohammadi ve ark., 2013). Calpastatin geninin de et kalitesini ve yag asidi
kompozisyonunu etkiledigi tespit edilmistir (Aali ve ark., 2017).

GWAS, fenotipik oOzelliklerle iliskili hedef genler i¢in, tiim genomu taramak
yoluyla, daha yiiksek alel frekanslari, genis kapsamli genomik alanlar1 ve ¢ok sayida
kalitsal rekombinasyon olaylarini tespit etme yetenegi saglayarak hem daha giivenilir
hem de gen haritalarina oranla daha kolay bir yaklasim sundugu bildirilmistir (Ustiin ve
ark., 2023). Bu nedenle, GWAS, hayvancilikta ekonomik kantitatif 6zellikler i¢in aday
genlerin belirlenmesinde 6nemli bir yontem olarak kullanilmaktadir (Lipkin ve ark.,
1998; Zhang ve ark., 2012; Sharma ve ark., 2015; Sahito ve ark., 2024).

Hastalik Direnci

Kalitsal hastaliklar, ebeveynlerden dollere aktarilan genlerdeki mutasyonlardan
kaynaklanmakta ve hayvan sagligini, verimini ve fertilitesini olumsuz etkilemektedir. Bu
mutasyonlar aminoasit kodonlarini degistirerek ya bozuk protein sentezine ya da protein
sentezinin durmasina yol agmaktadir. Sonug¢ olarak ta ciftlik hayvanlarinda verim
diismekte ve ekonomik kayiplar meydana gelmektedir. Bu nedenle hastalik olusturmasi
muhtemel damizligin molekiiler diizeyde anlagilmasi, zamaninda siiriiden
uzaklagtirilmasi agisindan 6nemli bir husus olmaktadir (Prajapati ve ark., 2017). Bu
nedenle GWAS, kiiclikbas hayvanlarda hastalik direnci ile iliskili genlerin
tanimlanmasinda da etkin bicimde kullanilmaya baglanmaistir.

Kiiciikbas ve biiyiikbas hayvanlarda hastalik direnci konusunda da caligmalar
yapilmaya baslanmustir. Ornegin, Tiirkiye’de Akkaraman koyun irkinda yapilan hastalik
direnci ¢alismasinda, TNEM3 ve ATRNL1 genleriyle iliskili genom ¢apinda iki anlamli
SNP ve NELLI1, ST6GALNAC3, HIPK1, SYT1, ALK, ZNF596, TMCOS5A, PTH2R,
LARGE!1 ve SCG2 olmak iizere 10 genle iliskili kromozom ¢apinda 10 anlamli SNP,
parazit direnci 6zellikleri i¢in aday gen olarak Onerilmistir (Arzik ve ark., 2022).

Mevcut ¢alismaya benzer sekilde, Holstein sigirlarinda GNA12 geninin (guanin
niikleotid baglayict protein al2), Johne hastalifina (paratiiberkiiloz) toleransla iliskili
pozisyonel bir aday gen olarak kabul edilebilecegi bildirilmistir (Zanella ve ark., 2011).
Elde edilen genetik belirtecler, gelecekte dayanikli genotiplerin erken yasta secimi,
antiparazit ila¢ kullaniminin azaltilmasi1 ve siirdiiriilebilir 1slah stratejilerinin

gelistirilmesi agisindan biiyiik 6neme sahip oldugu diisiiniilmektedir.
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Koyunlarda yapilan farkli caligmalarla gastrointestinal parazit (GIP)
enfeksiyonlari sonucunda koyun yetistiriciliginde ekonomik kayiplara ve hayvan refahini
azaltic1 zorluklar1 icin GWAS ile tam genom bilgileri bir arada degerlendirilmistir.
GWAS’m, hayvanlarda 6zellikle verim, iireme, adaptasyon ve hastalik direnci gibi
kompleks 6zelliklerin genetik yapisinin ¢oziilmesinde énemli rol oynadig: bildirilmistir
(Arzik ve ark., 2025; Cunha ve ark., 2024).

GS ile Entegrasyon

Son yillarda GWAS bulgularinin GS yoOntemlerine entegre edilmesi ile
poplilasyonda yapilan seleksiyonda isabet derecesi dogrulugunu artirmada giiglii bir
strateji oldugu bilinmektedir. GWAS'ta her SNP tek basina test edildiginden, bir SNP
birden fazla QTL nin etkisini yansitabilir ve en giiclii iliski her zaman QTL’ye en yakin
SNP olmayabilir. Bu nedenle GS’da tiim SNP’le ayn1 anda modele dahil ederek
QTL’lerin daha hassas haritalanmas1 saglanmaktadir. Geleneksel yontemlerde kullanilan
1slah verileri, BLUP modeli kullanildiginda birgok SNP’nin etkisini ¢ok kii¢lik tahmin
edildigi i¢cin QTL nin konumun tam olarak netlesmemesi s6z konusu olmaktadir. Bu
nedenle, arastirmacilar analiz yontemlerinde weighted GBLUP (wGBLUP), Bayes Crnt ve
Bayes R gibi modelleri kullanmakta ve GWAS ile tanimlanan 6nemli SNP’lere farkl
farkli varyans degeri atayarak modellerini optimize etmektedirler. GS’un
hesaplanmasinda Bayes B gibi yontemler, biiyiik etkiye sahip SNP’leri 6ne ¢ikararak
QTL konumunun daha dogru belirlenmesine olanak saglamaktadir (Verbyla ve ark.,
2009). Bu yaklasimlar, diistik etkili SNP’in model iizerindeki goriintiisiinii azaltirken,
biyolojik olarak anlamli gen bolgelerinin etkisini gii¢lendirmektedir. Ornegin; Alpine
Merinos koyun 1rkinda yapilan bir ¢aligmada, Genomic Best Linear Unbiased Prediction
(GBLUP) modeli kullanilarak hesaplanan siitten kesim agirligi 6zelliginin kalitim
derecesinin 0,122 ile 0,394 arasinda degistigi, buna karsilik gelen tahmini isabet
derecesinin 0,075 ile 0,228 arasinda oldugu, GWAS bilgilerinin modele dahil edilmesiyle
birlikte tahmini kalittm derecesinin 0,125 ile 0,407 araligina c¢iktigi ve GEBV
dogrulugunu artirma potansiyeli gosterdigi bildirilmistir (Wang ve ark., 2024). Aym
calismada siitten kesme agirhigr 6zelligi i¢in genomik GBLUP yontemi kullanilarak
tahmin edilen GEBV dogrulugu ve GWAS belirte¢ bilgilerini igceren GEBV tahmin
dogrulugu karsilagtirmis ve kesim agirlig1 ve karkas randimana ile iliskili ok sayida SNP

belirlenmistir ve arastirmada kullanilan GBLUP/BayesB modelleri, klasik fenotip
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seleksiyona kiyasla %20’ye varan daha yiiksek genetik tahmin dogrulugu sagladigi
bildirilmistir (Wang ve ark., 2024).

Tibet koyunu ile kii¢iik kuyruklu Han koyunu ve Hu koyunlarinda iiremeyle
iliskili genlerini belirleyen bir calismada, transkriptomik ve genomik verilerin modele
entegre edilmesi ile tibet koyununda spermatogenez, embriyonik gelisim ve
transkripsiyonel diizenleme yapilmig ve belirlenen genlerin yumurtlama orani ve
dogurganlikla giiclii iligkisi oldugu belirlenmis ve calisma sonuglarina gére genomik
diizeyde lireme performansini artirmaya yonelik seleksiyon stratejilerinin gelistirilmesine
temel olusturabilecegi bildirilmistir (Zheng ve ark., 2025).

Alpine Merinos koyun embriyolarinda, genomik seleksiyonun uygulanabilirligini
degerlendiren ¢alismada; erken embriyo doneminde GEBV tahmininin, yiiksek genetik
potansiyele sahip embriyolarin in-vitro olarak secilmesine olanak sagladig: bildirilmistir
(Wang ve ark., 2025).

Sonug olarak GWAS teknigi destegiyle kullanilan GS modelleri, GEBV tahmin
dogrulugunu artirdig1 pek ¢ok calisma sonucu olarak bilim diinyasinda paylasilmistir
(Wang ve ark., 2024). Dolayisiyla, GS kapsaminda GWAS yonteminin kullanilmasi,
fenotipik verilere dayali seleksiyonla yillarca siiren genetik ilerleme, 6dnemli 6l¢iide
hizlanmakta ve 6zellikle ilkine damizlik secim yas1 diistiriilerek genetik kazang oranini
artirtlmaktadir. BOylece genetik tahminlere dayali popiilasyonlarin olusturulmasi
saglanmaktadir.

GS’de Gelecek Hedefler (Pangenom ve Coklu-Omik Entegrasyon)

Pangenom, bir organizmanin veya bir tiiriin tim genetik ¢esitliligini temsil eden
bir genom kavramdir. Klasik referans genomlar, genetik ¢esitliligin yalnizca sinirh bir
boliimiini temsil ettigi i¢in, 6zellikle farkli cografi bolgelerdeki yerel irklarin adaptasyon
genlerini tam olarak yansitmamaktadir. Bu nedenle pangenom teknolojisi, tiir i¢indeki
tim genetik varyasyonlar1 kapsayacak bi¢gimde c¢oklu referans genomlarin
olusturulmasini saglamaktadir.

Omik teknolojileri, biyolojik sistemlerdeki farkli molekiiler diizeyleri yiiksek
kapasiteli ve sistematik olarak incelemektedir. Omik teknolojileri, Genomik,
Epigenomik, Transkriptomik, Proteomik, Metabolomik, Lipidomik, Glikomik ve
Mikrobiyomik olup, bu teknolojiler yoluyla alinan veriler, ¢coklu-omik entegrasyonu ile

birlestirilerek sistem biyolojisi yaklagimiyla analiz edilmektedir. Coklu-omik ise, bir
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materyalin DNA, RNA, protein, metabolit ve diger biyomolekiillerden elde edilen
verilerinin, ortak veri matriksine, regresyon ya da Bayes gibi istatiksel modeline, makina
O0grenimine, biyolojik aga ya da biyolojik yolaga entegre edilmesi olarak
tanimlanmaktadir. Bu yaklasimlar, koyun genetigi ve ilgili islevlerin incelenmesini
kolaylagtirarak, hayvan yetistiriciliginde, hastalik 6nleme ve tedavi stratejileri hakkinda
degerli bilgiler sunmaktadir.

Kiigtikbas hayvancilik dogas1 geregi farkli ekolojik kosullardan olusmakta ve bu
durum ise genotip—¢evre etkilesimini (GXE) 6nemli hale getirmektedir. Dogal olarak ayni
genotipin farkli ¢evre kosullarinda farkli fenotipik tepkiler gostermesi, genetik
tahminlerin dogrulugunu sinirlamaktadir. Bu nedenle ¢evresel degiskenlerin analize dahil
edildigi panomiks modellerin kullanilmasi biiylik 6nem arz etmektedir (Li ve ark., 2024).
Dolayisiyla, omik teknolojileri, genetik mekanizmalarin ¢ok katmanh diizeyde
anlagilmasini ve modellere entegrasyonunu miimkiin kilmaktadir. Bu entegrasyon, fitnes,
adaptasyon, lireme performansi ve her tiirli verim o&zellikleri arasindaki karmasik
biyolojik aglarin ¢oziilmesini kolaylastirmaktadir.

Kiiciikbasta, omik yontemler genellikle et kalitesi lizerine olan modellerde
kullanilmaktadir. Et kalitesi, ayn1 irk icinde farkli viicut bolgeleri arasinda degisiklik
gostermektedir (Wei ve ark., 2019). Ayrica, besleme yonetimi (Wang ve ark., 2021),
tasima, kesim siiregleri (Ivanov, 2020) ve isleme yoOntemleri de et kalitesini
etkilemektedir (Prache ve ark., 2022). Kiigiikbaslarda, kas i¢i yagin (IMF) kalitim
derecesi oldukga yiiksek olup, et kalitesini biiyiik ol¢iide etkilemektedir. Bu durum ise,
genomik calismalarda onemli bir odak noktasi haline gelmesine neden olmaktadir.
Kalitim ve genetik iligki tahminleri, IMF'nin koyunlarda yiiksek diizeyde kalitimsal
oldugunu ve kuzu etinin yumusakligi, su tutma kapasitesi ve sertligi ile giiglii bir
korelasyona sahip oldugunu ortaya koymaktadir (Knight ve ark., 2020). Omik teknolojisi
kullanilarak koyunlarda ve kegilerde et kalitesi {izerine yapilan bir ¢alismada, post-
genomik teknolojilerin et kalitesindeki genlerin, proteinlerin ve metabolitlerin altinda
yatan varyasyonlar1 kesfetmede giiclii oldugunu bildirmiglerdir (Wang ve ark., 2023).

Son yillarda yapilan ¢alismalar, iklim degisikligine dayanikli genlerin
belirlenmesinde, DNA metilasyonu profilleri ve RNA dizileme verilerinin birlikte analiz
edilmesi tlizerine yogunluk kazanmistir. Global iklim krizlerinin yasanacagi 6n goriilen

gelecek icin, yerli koyun ve keci irklarinin, 1s1 stresi, paraziter hastaliklar, diisiik kaliteli
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yem kaynaklari, igme suyu miktar1 ve kalitesi ve kuraklik gibi ¢evresel zorluklara karsi
dayanikliligini destekleyen genetik varyantlar daha dogru sekilde belirlenebilecektir. Bu
gelismeler, iklim dostu, genetik olarak dayanikli ve siirdiiriilebilir kiigiikbas {iretim
sistemlerinin olusturulmasina zemin hazirlamaktadir. Dolayisiyla pangenom ve coklu-
omik yaklagimlar, yalnizca genetik ilerlemenin degil, ayn1 zamanda biyolojik esneklik ve
cevresel siirdiiriilebilirliginde temelini olusturmaktadir. Hatta Coklu Lokus GWAS (ML-
GWAYS) yaklagimlarin pangenom verileri, epigenomik ve multi-omik entegrasyonlarla
desteklenmesiyle, daha yiiksek ¢oziiniirliikte gen—fenotip iligkilerinin ortaya konmasinda
Oonem kazanacaktir.

Kiiciikbas Hayvanlarda Genomik Seleksiyon ve GWAS’1n Zorluklar:

Kiigiikbas hayvanlarda GS ve GWAS’1n etkinligini sinirlayan baslica zorluklar,
yetersiz referans popiilasyonu, fenotip veri eksiklikleri, yiiksek maliyet ve altyapi
sorunlar1, uzman personel kaynagi ve veri yonetimidir. Bu zorluklarin ¢6ziimii, ulusal ve
uluslararas1 veri paylasimi, modern fenotipleme teknolojileri, biyoinformatik altyapi
yatirimlar1 ve kapsamli egitim programlariyla miimkiin olabilecegi diistiniilmektedir.

Referans Popiilasyon Eksikligi

Genomik seleksiyonda GEBV dogrulugu, yeterli biiyiikliikkte ve genetik olarak
temsili referans popiilasyonlarin varligima dogrudan baglidir. Diinya genelinde ve
ozellikle Tiirkiye ile diger gelismekte olan {ilkelerde, kiiclikbas yerli 1rklarda
genotiplendirilmis materyal sayis1 yeterli seviyeye heniiz ulagilamamigtir. Bu durum ise,
GS uygulamalarinda tahmin dogrulugunu diisiirmekte ve genetik ilerlemenin hizin
sinirlamaktadir.  Sorunun ¢0ziimii i¢in, ulusal ve wuluslararasi dilizeyde veri
konsorsiyumlarinin kurulmasi, farkli iilkelerdeki veri setlerinin paylasilmasi ve daha
kapsamli referans popiilasyonlarm olusturulmas: biiyilk 6nem tasimaktadir. Ornegin,
Uluslararasi Koyun Genomu Konsorsiyumu (ISGC), iiretim, kalite ve hastalik
ozellikleriyle iligkili genleri ortaya ¢ikarmada dnemli bir model teskil etmektedir.

Fenotipik Veri Eksikleri ve Cevresel Etkiler

Genotip verilerinde 6nemli ilerlemeler saglanmis olmasina ragmen, bir¢ok tiretim
ozelligi i¢in standartlasmig ve dogru fenotip kayitlart hala tam anlamiyla
tutulamamaktadir. Ayrica c¢evresel faktorlerin kontrol edilememesi, 6zellikle dogal
yetistirme kosullarinda GS i¢in, GWAS teknikleri kullanilsa da, analizlerinin

dogrulugunu olumsuz etkilemektedir. Fenotipik veri eksikligi, 6zellikle geng bireylerde
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GEBYV tahminlerinin giivenilirligini diisiirmektedir. Bu sorunun agilabilmesi i¢in modern
sensOr sistemleri, otomatik tartim cihazlart ve dijital fenotipleme platformlar1 gibi
teknolojilerin kullanim1 veri standartlarini artirarak analizin dogruluk orami artirilmasi
gerekmektedir.

Maliyet ve Altyapt Sinirlar

Yiiksek yogunluklu SNP panelleri veya tam genom dizileme yontemleri halen
bircok gelismekte olan iilke i¢in yiliksek maliyetli olup, biiyiik hacimli genomik verilerin,
depolanmas1 ve analiz edilmesi giiclii biyoinformatik altyapilar gerektirmektedir. Bu
durum, hem GS hem de GS i¢in GEBV hesaplamada kullanilan bir teknoloji olan GWAS
calismalarinin yaygin ve siirdiiriilebilir bicimde uygulanmasini zorlagtirmaktadir.
Maliyetleri diistirmek ve veri dogrulugunu korumak i¢in, diisiik yogunluklu SNP
panelleri ile imputasyon yontemlerinin etkin kullanimasi uygun goriilmektedir. Bu
yaklagim, veri setlerini daha ulagilabilir hale getirirken referans popiilasyon biiytkliigiinii
de artacagi ongoriilmektedir.

Insan Kaynag ve Egitim Eksikligi

GS i¢in, GWAS teknolojisinin uygulanmasi, yliksek diizeyde genetik ve
biyoinformatik uzmanlhik gerektirmektedir. Bu nedenle, {niversiteler, arastirma
enstitiileri ve yetistirici birlikleri arasinda is birligi ile kapsamli egitim programlariin ve
uygulamali atdlye c¢aligmalarmin diizenlenmesi kritik 6nem gdstermektedir. Insan
kaynagi eksikligi, modern omik teknolojilerden ve ¢oklu-omik entegrasyon
yaklagimlarindan tam olarak yararlanmay1 sinirlayan temel engellerden bir diger zorluk
olarak goriilmektedir Ayrica, multidisipliner arastirma ekiplerinin olusturulmasi, veri

analizi ve yorumlama siirecinde verimliligi artiracagi diigiiniilmektedir.

SONUC

Bu derlemede kiiclikbag hayvanlarda genomik seleksiyonun temel bilegenleri,
yontemsel yaklasimlar ve uygulamayi sinirlayan faktorleri ile GWAS teknigi ¢cok yonlii
olarak ele alinmistir. Kiigiikbasta genomik 1slahin artan 6nemi dogrultusunda, hem verim
ozelliklerinin gelistirilmesi hem de hastalik direnci, adaptasyon ve iiretim verimliligi gibi
karmasik ozelliklerin 1iyilestirilmesi i¢in genomik bilginin stratejik bir ara¢ oldugu
goriilmiistiir. GWAS ile aday gen belirleme c¢alismalarinin, hastalik direnci 6zellikleri
acisindan kritik rol oynadigi belirtilmistir. QTL bdlgelerinin daraltilmasi, fonksiyonel

varyantlarin tanimlanmasi ve biyolojik mekanizmalarin anlagilmasi, genomik
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seleksiyonun dogrulugunu destekleyen tamamlayict unsurlar olarak one ¢iktig1 ifade
edilmistir. Buna paralel olarak, ¢oklu dzellikli iyilestirme yaklagimlarinin, pleiotropik
QTL’lerin etkilerini dikkate alarak ayni1 anda birden fazla verim veya direng 6zelliginin
optimize edilmesine imkan tanidig1 ve bunun kii¢iikbas tiirlerde seleksiyonun etkinligini
artirdig1 belirtilmistir. Derlemede, yer alan referans popiilasyon ve imputasyon siirecleri
de genomik seleksiyonun temel dayanak noktalari arasinda yer aldigi agiklanmustir.
Genetik cesitliligi temsil eden referans popiilasyonlarinin olusturulmasi ig¢in diisiik
yogunluklu paneller ile imputasyonlar sayesinde yiiksek yogunluklu verilere
dondstiirilmesi, GEBV dogrulugunu dogrudan etkiledigi ifade edilmistir. Ancak
kiigiikbas hayvan popiilasyonlarinda referans popiilasyonlarinin sinirlt bityiikligi,
yetistirme yapisinin heterojenligi ve LD bloklarinin kisalig1 gibi faktorler algoritmik
tahminlerin etkinligini azalttig1 vurgulanmistir. Pangenom yaklagimlarinin ve ¢oklu-omik
teknolojilerin tek referans genomun Gtesine gegerek popiilasyonda ki tiim yapisal ve
fonksiyonel ¢esitliligi yakalayabilme potansiyeli olusturdugu hususuna degilmis ve
ozellikle seleksiyon degerlerinin, nadir varyantlarin ve tiir i¢i genomik ¢esitliligin daha
kapsamli sekilde ortaya konmasi; aday gen belirleme, hastalik direnci mekanizmalarinin
¢Oziilmesi ve genomik tahmin modellerinin giiclendirilmesi agisindan biiyiik katki
saglayacagr bildirilmistir. Derlemede vurgulandigi tlizere GWAS’ i genomik
seleksiyondaki rolii ve dnemli agiklanmis ve genom ¢apinda varyant—fenotip iliskilerini
sistematik olarak test ederek hangi SNP’lerin belirli 6zelliklerle iligkili oldugunu ortaya
c¢ikaran bir teknoloji oldugu belirtilmistir. Elde edilen bu bilgi ile genomik seleksiyonda
kullanilan marker setlerinin iyilestirilmesine, 6zelliklerle iligkili bolgelerin daha dogru
tanimlanmasina ve SNP etkilerinin daha giivenilir sekilde modellere entegre edilmesine
katki saglayacag: belirtilmistir. Ayrica GWAS, poligenik 6zelliklerde ¢ok sayida kiiciik
etkili QTL’in varligim1 ortaya koyarak, Bayes modeller ve c¢oklu-SNP analiz
yaklagimlarinin neden gerekli oldugunu ve GEBV tahminlerinin dogrulugunun
artirllmasina  6nemli  bir temel olusturdugu ifade edilmistir. Genel olarak
degerlendirildiginde; GWAS ile aday gen belirleme, hastalik direnci genomikleri, ¢oklu
ozellikli 1iyilestirme yontemleri, referans popiilasyonu ve imputasyon stratejileri,
pangenom c¢alismalari, ¢oklu-omik teknolojilerin birlikte ele alinmasi, kiiglikbag
hayvanlarda genomik seleksiyonun dogrulugunu ve siirdiiriilebilirligini 6nemli 6lciide

artirma potansiyeline sahip oldugu goriilmiistiir. Bu nedenle gelecekteki ¢aligsmalarin hem
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teknik yoOntemleri gelistirmeye hem de uygulamada karsilasilan yapisal engelleri
azaltmaya odaklanmasi, genomik 1slah programlarinin etkinligini ve kiigiikbag {iretim

sistemlerine katkisini belirgin bigimde giiclendirecegi goriisiine varilmistir.

Cikar Catismasi Beyani: Yazarlar arasinda ¢ikar ¢atismasi bulunmamaktadir.
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Ozet: Tip ve saghk bilimlerinde yasanan hizli teknolojik ilerlemeler, biyomedikal
mihendisliginin hem beseri hekimlikte hem de veteriner hekimlikte Onemini giderek
artirmaktadir. Biyomedikal miihendisligi; miihendislik prensiplerini biyolojik sistemlerle
birlestirerek tani, tedavi ve rehabilitasyon siireglerinde kullanilan yenilik¢i araglarin ve
yontemlerin gelistirilmesini saglayan multidisipliner bir alandir. Beseri hekimlikte bir¢ok ileri
teknoloji cihazin gelistirilmesi asamasinda hayvan modelleri temel arastirma aract olarak
kullanilmakta, bu da iki alan arasinda dogal bir etkilesim ve bilgi akisi olusturmaktadir. Benzer
sekilde, veteriner hekimlikte de karmasik klinik olgularin yonetiminde biyomedikal miihendislik
uygulamalar1 6nemli katkilar sunmaktadir. Yapay zeka destekli tani sistemleri, doku ve kemik
defektlerine yonelik bireye 6zgii implant iiretimi, kok hiicre ve rejeneratif tip yaklasimlari, alana
0zgli sensor ve takip cihazlari, nanoteknoloji tabanli tedavi secgenekleri ile 3D yazici
teknolojilerinin klinik ve cerrahi uygulamalarda kullanimi bu katkilarin baglica drnekleridir.
Ayrica gelismis goriintiileme yontemleri, robotik cerrahi ve biyomalzeme arastirmalar1 veteriner
saglik hizmetlerinin kalitesini artiran diger 6nemli alanlardir. Bununla birlikte, biyomedikal
teknolojilerin sahaya entegrasyonunda bazi genel siirliliklar ve materyal temelli zorluklar da
bulunmaktadir. Biyomedikal miihendisliginin giderek gelismesi ve yayginlagmasi sayesinde
hayvan saghigina yonelik pek ¢ok konuda giinlimiizde imkansiz goriinen olgularin ¢éziimiine
yonelik daha etkili, glivenilir ve bireye 6zgl tedavi yaklasimlarinin gelistirilmesi miimkiin hale
gelmektedir. Bu derlemenin amaci, biyomedikal miithendisliginin veteriner hekimlikteki giincel
kullanim olanaklarini, teknolojik gelisim siirecini ve karsilagilan kisitlamalari ortaya koyarak
alanin gelecegine yonelik kapsamli bir degerlendirme sunmaktir.

Anahtar Kekimeler: Biyomedikal miithendisligi, klinik uygulamalar, rejeneratif tip, veteriner
hekimlik

Biomedical Approaches and Applications in Veterinary Medicine

Abstract: Rapid technological advances in medicine and health sciences are increasingly
emphasizing the importance of biomedical engineering in both human and veterinary medicine.
Biomedical engineering combines engineering principles with biological systems to contribute to
the development of innovative tools and methods used in diagnosis, treatment, and rehabilitation.
Animal models are used as basic research tools in the development of many high-tech devices in
human medicine, creating a natural interaction and flow of information between the two fields.
Similarly, biomedical engineering applications make significant contributions to the management
of complex clinical cases in veterinary medicine. Applications such as artificial intelligence-
assisted diagnostic systems, personalized implant production for tissue and bone defects, stem
cell and regenerative medicine approaches, field-specific sensors and tracking devices,
nanotechnology-based treatment options, clinical research on 3D printing technologies, and
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biomaterials studies are used in many areas of the veterinary field. The increasing development
and widespread adoption of biomedical engineering makes it possible to develop more effective,
reliable, and personalized treatment approaches to address seemingly impossible challenges in
many areas of animal health. However, there are some general limitations and material-based
challenges in integrating biomedical technologies into the field. The purpose of this review is to
present a comprehensive assessment of the future of the field by presenting the current
applications of biomedical engineering in veterinary medicine, the technological development
process, and the limitations encountered.

Keywords: Biomedical engineering, clinical applications, regenerative medicine, veterinary
medicine

GIRIS

Biyomedikal miihendisligi miihendislik canli biyolojisi ve tip alanini kapsayan bir
bir bilim dalidir. Biyomedikal miihendisliginin veteriner hekimlikte daha az kullanildig:
bilinmekle birlikte bu alandaki bilgi ve tecriibelerin veteriner sahada kullanmi i¢in uygun
bir zemin olusturabilecegi ifade edilmistir (Ferndndez-Parra ve ark., 2024). Biyomedikal
miihendisliginin veteriner hekimlikteki temel uygulama alanlar1 arasinda biyomekanik
analizler, rejeneratif tip uygulamalari, yapay zeka destekli goriintiileme, biyomalzeme
gelistirme, sensor tabanli izleme sistemleri ve nanoteknolojiye dayali teshis yaklagimlar
yer almaktadir (Dilbaghi ve ark., 2013; Neethirajan, 2020). Veteriner hekimlikte
biyomedikal uygulamalarin sistematik bigcimde benimsemek, hayvan sagliginda bilimsel
ilerlemesinin siirdiiriilebilirligini giivence almasi bakimindan 6nemlidir (Akinsulie ve
ark., 2024). Ayrica biyomekanik testler, yapay zeka destekli goriintiilleme, yenileyici
tedaviler ve hasta takibi uygulamalarinda, hayvan sagligi alaninda bir doniisiim

yaratmaktadir (Akinsulie ve ark., 2024).

Biyomedikal Miihendisliginin Kullanim Olanaklar:

Yapay Zeka Uygulamalart

Yapay zeka (YZ), bir sistemin dis verileri dogru bi¢gimde yorumlama, bu
verilerden 6grenme ve elde ettigi bilgileri esnek bicimde uyarlayarak belirli hedef ve
gorevleri yerine getirme yetenegi olarak tanimlanmaktadir (Kaplan ve Haenlein, 2019).

Yapay zeka ve makine oOgrenmesi temelli yaklasimlar, veteriner klinik
uygulamalarda hizli bir ylikselis gostermektedir (Burti ve ark., 2024; Akinsulie ve ark.,
2024). Bu ozel destekli sistemler sayesinde radyografi, ultrason, BT ve MR gibi tanisal
goriintiileme yontemlerinde hata oranlar1 azaltilmakta ve dolayisiyla tanisal dogrulugu
artirmaktadir (Burti ve ark., 2024). Yapay zeka algoritmalari, radyografik goriintiilerin

analizinde ve lezyonlarin zaman icindeki degisiminin takibinde kullanilmaktadir
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(Bouhali ve ark., 2022). Bu teknolojiler, insan goziiniin kagirabilecegi ince detaylari
yakalayarak tanisal hatalar1 azaltmay1 hedeflemektedir (Hosny ve ark., 2018).

Yapay zeka, radyasyon onkolojisinde otomatik organ segmentasyonu ve tedavi
planlamasimin dogrulugunu artirarak hem klinik is yiikiinii azaltma hem de zaman ve
maliyet agisindan onemli klinik kaynak kullanimini azaltmaktadir (Leary ve Basran,
2022). Ayrica erken kanser teshisi icin sivi biyopsiler ve yapay zeka destekli yeni nesil
tan1 araclart gelistirilmektedir (Alshammari ve ark., 2025). Genel olarak yapay zeka
klinik uygulamalardan halk sagligina kadar genis bir yelpazede veteriner bilimlerine
entegre olmaktadir (Akbarein ve ark., 2025).

Derin 6grenme ve ¢ok modlu veri birlestirme tabanli yapay zeka sistemleri,
ortopedik cerrahide ameliyat oncesi planlama dogrulugunu artirmakta, kesi yonii ve
implant yerlesimi gibi kritik kararlarin optimizasyonunu desteklemekte ve operasyon
sonrast iyilesmenin kigisellestirilmis bicimde izlenmesine olanak tanimaktadir (Han ve
ark., 2025). Bu teknolojilerin dogru bi¢imde uygulanmasi, hem veteriner kliniklerinin
tanisal dogrulugunu artirmakta hem de arastirma verimliligini giigclendirmektedir (Burti
ve ark., 2024). Veteriner hekimlikte biyomedikal miihendisligi, modern cihaz tasarimu,
protez ve implant {iretimi, hiicre bazli tedaviler, nanoteknoloji, 3D yazic1 teknolojisi ve
yapay zeka tabanli analizleri bir araya getirerek hem klinik hem de arastirma siireclerini
doniistiirmektedir (Gonzalez ve ark., 2023). 3D yazic1 teknolojisiyle kisiye 6zel implant
ve protez iiretimi artik miimkiin hale gelmistir. Kopekler lizerinde yapilan 6n uzuv protez
calismalari,, 3D modelleme ve yazilim simiilasyonlarinin hayvanin yiik dagilimim
desteklemede basarili oldugunu gostermistir (Gonzalez ve ark., 2023). Veteriner
anatomisinde 3D goriintiileme ve yazici teknolojilerinin kullanimi hem egitim hem de
cerrahi planlamada biiyiik kolaylik saglamaktadir (Kapoor, 2024). Bu teknoloji, anatomik
modellerin dogru bigimde yeniden yapilandirilmasini ve karmasik cerrahi operasyonlarin
onceden simiilasyonunu miimkiin kilmasmin yaninda Veteriner sahada metal veya
biyopolimer bazli implantlar1 hayvanin anatomisine 6zel olarak iiretebilmektedir (Pawlik
ve ark., 2025). Bu gelismeler, veteriner ortopedi uygulamalarinda insan tibbindaki kalite
standartlarinin uygulanabilir oldugunu gdstermektedir. Ayrica li¢ boyutlu hiicresel
modeller, ila¢ tarama calismalarinda daha fizyolojik ve tiirlere 6zgii yanitlar verebildigi

icin translasyonel aragtirmalar agisindan da degerlidir (Clevers, 2016).
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Implant Teknolojisi
Veteriner hekimlikte kemikte meydana gelen defektler ve parca kayipli kemikler
i¢in ¢esitli implant teknolojileri kullanilmaktadir (Sekil 1). Bu konuyla ilgili daha fazla

caligmanin yapilarak gelistirilmesi gelecek i¢in umut vericidir (Popov ve ark., 2019).

i
e ark., 2019).
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Sekil 1. Veteriner klinik sahada kullama

Insan implant standartlarinin yeni iiretim teknolojileriyle birlestirilmesi, veteriner
sahada hayvanlara yonelik ortopedik sorunlarin ¢dziimiine 6nemli katki saglamaktadir
(Pawlik ve ark., 2025). Ayrica insan kaynakli organoid teknolojilerinin gelismesi,
deneylerde kullanilan geleneksel hayvan modellerinin yerini alabilecek daha hassas ve
insan biyolojisine 6zgli sistemlerin gelistirilmesine olanak saglamistir. Organoidlerin
genetik hastaliklarin modellenmesi, enfeksiyonlarin incelenmesi ve ilag testlerinin
yapilmas1 gibi alanlarda sundugu avantajlar, bazi arastirma alanlarinda hayvan
kullanimim1 6nemli Ol¢iide azaltma potansiyeline sahiptir (Kim ve ark., 2020). Fakat
hayvanlar iizerindeki yapilan c¢alismalarin  bazi durumlarda insanlar igin
uygulanabilirligiyle ilgili endiselerden dolay1 elde edilen bulgularin klinik uygulamalarda
insanlara aktarilabilirligini sinirlayabilmektedir. Ciinkii hayvan deneyleri ¢ok farkli
birgok tiirli kapsamaktadir (Akhtar, 2015).

Kok Hiicre Calismalart

Kok hiicreler, hiicre boliinmesi sayesinde yenileme, yaygin olarak ¢gogalma ve bir
veya daha fazla hiicre/doku tipine uyarlanabilme 6zelligi bulunan hiicrelerdir (Amarpal
ve ark., 2013).Kok hiicre temelli tedaviler, veteriner rejeneratif tibbin merkezinde yer alir.
Mezenkimal stromal hiicreler (MSC), kopek, at ve kedi gibi tiirlerde kas iskelet, kalp, deri
ve norolojik hastaliklarin tedavisinde umut verici sonuglar vermektedir. Ayrica bu

hiicrelerin kendini yenileme ve farklilagsma kapasitesine sahip oldugu bilinmektedir (El-
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Husseiny ve ark., 2022). Mezenkimal kdk hiicreler (MSC), rejeneratif tipta en umut verici
alanlardan biridir. Ozellikle kopeklerde osteoartrit (OA) tedavisinde Yag Dokusu
Kaynakl1 Kok Hiicrelerin (ADMSC) kullanimi iizerine yapilan ¢alismalar dikkat ¢ekicidir
(Vilar ve ark., 2014). siddetli kalca OA's1 olan k&peklerde intraartikiiler ADMSC
uygulamasinin, kuvvet platformu analizlerine gore ilk {i¢c ayda uzuv fonksiyonlarini
objektif olarak iyilestirdigini, ancak etkinin zamanla azaldigini belirtmistir. Benzer
sekilde, allojenik kok hiicrelerin plaseboya kiyasla kopeklerde agr1 ve klinik skorlarda
anlamli iyilesme sagladigini raporlamistir (Harman ve ark., 2016). Intraartikiiler allojenik
yag kok hiicre tedavisi, osteoartritli kopeklerde plaseboya kiyasla hem hasta sonug
skorlarinda hem de veteriner degerlendirme skorlarinda anlamli iyilesme saglamistir.
Advers olay oranlar1 agisindan iki grup arasinda fark goriilmemistir (Harman ve ark.,
2016). Kalca osteoartriti olan kdpeklerde AD-MSC tedavisi, 6zellikle tedaviden sonraki
ilk 30 giinde tepe dikey kuvvet ve dikey diirtiide belirgin artis saglamis, etkinin 3 ay i¢inde
kademeli olarak azaldig1 gézlenmistir (Vilar ve ark., 2014).

Sadece kopeklerde degil, atlarda da tendon rejenerasyonu i¢in biyomiihendislik
yaklagimlar1 kullanilmakta olup, atlar insan tendinopatileri i¢in uygun bir translasyonel
model olarak kabul edilmektedir (Alves ve ark., 2025). Kedilerde ise kok hiicrelerin
sekretom profilleri incelenmis ve eksozomlarin hiicresiz tedaviler i¢in potansiyel tasidigi
ortaya konmustur (Villatoro ve ark., 2021). Ayrica, Qinling dev pandalarinda yapilan
yenilik¢i bir calismada, ADMSC kaynakli hiicre dis1 vezikiillerin yara iyilesmesini
hizlandirdig1, kolajen birikimini artirdigr ve antienflamatuar etkiler gosterdigi tespit
edilmistir (Gong ve ark., 2025). Ancak, dogal yollarla olusan hastaliklarda (indiiklenmis
modellerin aksine) klinik ¢alismalarin sayisinin hala smirlt oldugunu ve diizenleyici
eksikliklerin bulundugunu vurgulamaktadir (Marx ve ark., 2015).

MSC’lerin kemik iligi, yag dokusu veya dis dokusundan elde edilmesi,
hayvanlarda kemik doku miihendisliginde siklikla kullanilmaktadir (Nantavisai ve ark.,
2019). Biyomalzemeler, doku miihendisligi ve rejeneratif tipta tedavi edici ¢oziimler
sunarak hem beseri hem de veteriner hekimliginde giderek daha fazla ©nem
kazanmaktadir (Leonardi ve ark., 2024).  Ozellikle oftalmoloji  alaninda, doku
biitlinliigiinii koruyan kolajen ve hyaluronik asit bazli yapilarin yani sira, 3D bask1
teknolojisi ile tiretilen kisiye 6zel modellerin kullanimi yayginlasmaktadir (Leonardi ve
ark., 2024). Bu ¢alismalar, oftalmoloji ve ortopedik cerrahi dahil olmak {iizere farkli
alanlarda klinik basar1 saglamistir. Bu malzemeler genel olarak yumusak ve sert

malzemeler olarak siniflandirilabilir. Baglica plastik, metal ve polimer malzeme
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kullanilmaktadir (Leonardi ve ark., 2024). Ayrica veteriner doku yenilenmesi alaninda
hayvanlar lizerinde denenen hiicre terapisine bagl sagaltim yoOntemlerinin beseri tip
alaninda yapilan uygulamalar i¢in 6nemli bir veri kaynagi sagladigi bilinmektedir.
Dolayisiyla hiicre biyolojisinin tam olarak anlasilmasi ve liretim siireglerinin standardize
edilmesi, kok hiicre terapilerinin etkinligini artirmada kritik neme sahiptir (Arzi ve ark.,
2021).

Nanoteknoloji Alant

Nanoteknoloji; fizik, kimya, biyoloji ve veteriner hekimligi kapsayan disiplinler
arast bir bilimdir. Veterinerlikte nanomalzemeler, ilag iletimi, hastalik teshisi, doku
mithendisligi ve hayvan kimlik dogrulamasi gibi alanlarda kullanilmaktadir (Dilbaghi ve
ark., 2013; Jafary ve ark., 2023). Metal nanopartikiiller ve manyetik nanopartikiiller,
hedefe yonelik tedavilerde umut verici araglar olarak 6ne ¢ikmistir. Bununla birlikte,
nanomalzemelerin uzun vadeli biyouyumluluk etkileri iizerine daha fazla g¢alisma
gerekmektedir (Jafary ve ark., 2023). Nanomalzeme toksisitesinin degerlendirilmesinde
kullanilan alternatif in vitro test yontemleri, hayvan deneylerine duyulan ihtiyaci
azaltmak amaciyla giderek daha fazla tercih edilmektedir; ancak bu ydntemlerin
gecerliligi ve giivenilirliginin dikkatli sekilde dogrulanmasi gerekmektedir (Griesinger ve
ark., 2016). Nanoteknoloji, farkli hastaliklarin tedavisinde dnemli bir 6neme sahip olan
ve hizla gelisen bir teknoloji alanidir. Nanoteknoloji, ilaglarin hedef dokuya taginmasini
kolaylagtirarak ¢oziiniirliikk, biyoyararlanim ve terapdtik etkinligi artirmakta; ayni
zamanda erken ila¢ bozunmasini azaltarak daha kontrollii salim saglamaktadir. Karbon
nanotiipler, lipozomlar, polimerik nanopartikiiller ve kuantum noktalar1 gibi
nanosistemler, farkli kimyasal ve fiziksel Ozellikleri sayesinde ilaglarin hiicre igi
gecirgenligini artirmakta, dokuya daha etkin dagilim saglamaktadir (Ashraf ve ark.,
2025).

Nanopartikiiller, biyolojik engelleri asarak ilaclarin tiimoér dokusuna segici olarak
ulagmasini saglamaktadir (Tran ve ark., 2017). Kanser tedavisinde kullanilan nanotabanli
yaklasimlar giderek ¢esitlenmekte olup, lipozomlar, polimerik nanopartikiiller,
dendrimerler, karbon nanotiipler ve altin nanopartikiiller gibi farkli nanosistemler hem
hedefe yonelik ilag¢ iletimi hem de biyolojik goriintiileme amaciyla genis bir kullanim
alan1 bulmaktadir (Sell ve ark., 2023). Ozellikle lipozomal, polimerik ve biyolojik
nanosistemlerin (6rnegin eksozomlarin) tiimor mikrogevresini etkileyebilme kapasitesi
terapotik etkinligi belirgin sekilde artirmistir (Khan ve ark., 2025). Son donemlerde bitki

ve mikrop kaynakli "yesil nanoteknoloji" yaklagimlari 6ne ¢ikmaktadir (Karnwal ve ark.,
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2024; Ammar ve ark., 2025). Bitki tiirevli nanopartikiiller (PNP'ler), ¢evre dostu
olmalarinin yani sira dogal antimikrobiyal ve antioksidan 6zellikler sunmaktadir (Ammar
ve ark., 2025). Ayrica nanoteknoloji RNA gibi hassas molekiillerin hiicre i¢ine yiiksek
verimlilikle tasinmasinda kritik bir rol oynamaktadir (Sher ve ark., 2024).

Hayvan saghigi ve iretimiyle iliskili bir¢ok soruna yenilik¢i ¢ozlimler
sunabilmektedir. Ozellikle nanopartikiil tabanli tastyici sistemlerin antimikrobiyal
ilaglarla birlikte gelistirilmesi, hastaliklarin tedavi etkinligi artirarak ve yan etkileri
azaltarak mikrobiyal hastaliklarin tedavisinde gili¢lii bir ilag stratejisi olarak
goriilmektedir (Youssef ve ark., 2019). Ayrica Nanoteknoloji, hayvan iiretimi i¢in hayvan
yeminin lezzetini artirmak, biiylime performanslarini iyilestirmek ve yemden
yararlanmay1 optimize etmek gibi ¢oklu faydalar saglamaktadir (Hill ve Li, 2017).
Nanopartikiiller, yiiksek ylizey hacim oranlar1 sayesinde benzersiz fiziksel ve kimyasal
ozellikler gosterir. Bu Ozellikler, nanoteknolojinin dogal biyolojik iiriinlerin etkisine
olanak tanimaktadir. Ayrica nanoteknoloji, kiimes hayvani hastaliklarinin tan1 ve
tedavisinde kullanilan biyomedikal miihendisligi uygulamalarina akilli ve yenilik¢i
¢Oziimler sunmaktadir. Bununla birlikte, nano tirlinlerin kiimes hayvanlarinda kullanima
sunulmadan Once gilivenliklerinin degerlendirilmesi amactyla kapsamli tehlike
analizlerinin yapilmasi gerekmektedir. (Fesseha ve ark., 2020). Veteriner nanomedikal
alanda cesitli nanomalzemelerin gelistirilmesine ragmen, nanopartikiil tabanl tedavilerin
etkinligi ve glivenligi konusunda daha fazla ¢aligma gerekmektedir (Jafary ve ark., 2023).

Sensor Sistemleri

Sensor tabanli sistemler, hayvan davranisi, fizyolojik tepkiler ve c¢evresel
degiskenlerin siirekli olarak izlenmesine olanak saglar. Kalp atis hiz1, solunum, viicut 1s1s1
ve hareket Olclimleri gibi parametreler sensorlerle gercek zamanli izlenebilir
(Neethirajan, 2020). Bu sistemler, iiretim verimliligini artirmakla birlikte, hayvan
refahinin korunmasina da katki saglar. Ayrica, elde edilen sensor verilerinin veri
analizleriyle birlestirilmesi, hastalik tahmini ve erken uyari sistemlerinin gelistirilmesine
olanak tanir (Ouyang ve ark., 2019). Hayvan refahinin degerlendirilmesinde davranigsal
biyo-belirteclerin izlenmesi yaygin olarak kullanilsa da, yiiz ifadelerinin analizi gibi daha
derin fizyolojik gostergeler hala yeterince kullanilmamaktadir. Bu nedenle yiiz ifadesi
analizine dayali objektif Ol¢limler, Ozellikle agri gibi duygusal durumlarin
degerlendirilmesinde mevcut sensor tabanli sistemleri tamamlayic1 deger tasimaktadir

(Descovich ve ark., 2017).
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Goriintiileme Araglart

Elektriksel empedans tomografisi (EIT), viicut yiizeyine uygulanan elektriksel
uyarim ve Olgiimler araciligiyla i¢ dokularin elektriksel Ozelliklerini goriintiileyen
noninvaziv bir yontemdir (Adler ve Boyle, 2017). Elektriksel empedans tomografisi
(EIT) gibi biyomedikal goriintiileme yontemleri, veteriner hekimlikte non invaziv torasik
goriintiileme igin kullanilmaya baslanmistir. Ozellikle veteriner hekimlik alaninda
toraksin anestezi sirasinda goriintiilenmesi sayesinde solunum degerleri hakkinda anlik
bilgi sahibi olunabilmektedir. (Brabant ve ark., 2022). CVS (Computer Vision Systems)
uygulamalar1 hizla gelisen bir arastirma alanidir ve baz ticari {irtinler mevcut olsa da,
onemli veriler sunabilecek kendi kendine ¢6ziimlerin gelistirilebilmesi i¢in ¢éziilmesi
gereken Onemli arastirma bosluklart bulunmaktadir. Bu yapilan ¢aligmalar, hayvan ve
veteriner bilimlerinde CVS’nin  kullaniminda gelismeleri ortaya koymakta ve
teknolojinin yetistirme programlari ile ticari ¢iftliklerde yaygin bi¢imde uygulanabilmesi
icin daha fazla aragtirmaya ihtiya¢ duyuldugunu vurgulamaktadir (Fernandes ve ark.,
2020). Ciftlik hayvanlarmin solunumu genellikle abdominal hareket ile uyumlu
oldugundan abdomenin go6zlenmesi solunumun takibi acisindan degerlendirmede
kullanilmaktadir. Bu baglamda temassiz teknolojiler (bilgisayarli gérme, termografi ve
ses analizi) solunum hizini izlemek i¢in invaziv olmayan bir yontem sunmaktadir (Handa
ve Peschel, 2022).

Biyomedikal Uygulamalarda Karsilasilan Olas1 Sorunlar

Biyomedikal teknolojiler son yillarda biiyiik ilerlemeler gostermis olsa da, farkl
malzeme tiirleri ve miihendislik yaklasimlar1 belirli sinirlamalar, toksisite riskleri ve
uygulama zorluklar1 nedeniyle dikkatle degerlendirilmelidir. Ozellikle nanomalzemeler,
serbest ilaclara kiyasla farmakokinetik avantaj saglasa da; inorganik nanopartikiillerde
goriilen birikimin ve kuantum noktalarmin agir metal iceriginden kaynaklanan toksisite
riskleri, biyouyumlulugunu tehdit etmektedir (Roszkowski ve Durczynska, 2025). Benzer
sekilde as1 teknolojilerinde, diisiik immiinojenisite ve uzun dénem giivenlik verilerinin
eksikliginin, O6nemli kisitlamalar arasinda yer almaktadir (Dey ve Singh, 2023).
Polisakkarit temelli biyomalzemeler diisiikk dayaniklilik ve c¢oziiniirliik problemleri
nedeniyle bazi klinik uygulamalarda yeterli performans gostermeyebilir (Souza ve ark.,
2021). Biyomedikal uygulamalarda siklikla tercih edilen bazi polimerlerin dogal
antimikrobiyal etkinlikten yoksun olmasi ise biyomedikal g¢aligmalarda kullanilan
implant gibi cihazlarin bolgeye duyarli mikrobiyal enfeksiyona sebep olabilir (Zare ve

ark., 2021). Veteriner implantlari i¢in 6zgii diizenlemeler eksiktir. Patellar ¢cikiklik, kiiclik
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hayvanlarda yaygin bir ortopedik sorundur. Ayrica {iiretim kalitesi ve ekonomik
uygulanabilirlik halen smirhidir (Pawlik ve ark., 2025). Nanokompozit hidrojeller iyi
biyouyumluluklarina ragmen; zayif anti-tiimor etkinlik, sinirlhi gériintiileme kapasitesi ve
viicut icindeki diflizyon—metabolizma siireclerinin tam acgiklanamamis olmasi nedeniyle
klinik uygulamalara gegiste dnemli kisitlamalar gostermektedir (Huang ve ark., 2022).
Ayrica hedef dis1 ve uzun vadeli toksisite riskleri ile kompozit sistemlerin giivenlik
profili, 6zellikle in vivo kullanimlarda {iriin doniisiimiinii zorlastirmakta ve disiplinler
arast daha kapsamli is birligi gerektirmektedir (Huang ve ark., 2022). Kemik doku
mihendisliginde standart olarak bagvurulan kimyasal sentezli hidroksiapatit (HAp),
sergiledigi diisiik stabilite ve yetersiz mekanik dayaniklilik nedeniyle uzun dénemli klinik
uygulamalarda kisith bir performans sunmaktadir. Bu durumdan dolayr biyomedikal
arastirmalart biyolojik atiklardan elde edilen dogal kaynakli alternatiflere yonelmeye
zorlamaktadir (Sathiyavimal ve ark., 2020). Veterinerlik tanisal goriintiileme veri
kiimelerinde ¢esitli zorluklar bulunmaktadir. Tiir ve ik farkliliklari, yiiksek hasta ytiki
ve nadir goriilen hastalik 6rneklerinin eksikligi algoritma egitimi i¢in 6nemli sinirlamalar
olusturmaktadir (Akinsulie ve ark., 2024). Daha 6nce projeksiyon radyografisi, klinik
durumlarin radyodiyagnozu igin temel teknik olup ili¢ boyutlu yapilarin iki boyutlu
goriintiilerini sunarken dar bir pozlama araligina sahipti. Modern ultrasonografi, BT, MR
ve sintigrafi teknikleri bu sinirliliklar1 6nemli dl¢lide azaltmis olsa da yiiksek maliyet,
uzman eksikligi ve cihaz bakimi gibi sorunlar nedeniyle veterinerlikte uygulama hala
sinirlidir (Gugjoo ve ark., 2014). Yag dokusundan tiiretilmis kok hiicreler (ASC'ler),
immunofenotip ve doku miihendisligi potansiyeli nedeniyle hem insan hem hayvan
tedavilerinde kullanilmakta, ancak 6zellikle kedilerde klinik veri eksikligi ve kontrollii
calismalarin azhig1 gercek etkinligin belirlenmesini zorlastirmaktadir (Vilar ve ark.,

2014).

SONUC

Biyomedikal miihendisligi, veteriner hekimlikte tani, tedavi ve arastirma
siireglerini yeniden sekillendiren ¢ok yonlii bir disiplin haline gelmistir. Yapay zeka
destekli goriintiileme, nanoteknolojik 1ilag tasiyicilari, hiicre temelli tedaviler,
biyomalzeme uygulamalar1 ve sensor tabanli izleme teknolojileri gibi yenilik¢i
yaklasimlar, hem klinik uygulamalarda hem de translasyonel arastirmalarda 6nemli
kazanimlar saglamaktadir. EIT, 3D biyoyazdirma, mezenkimal kok hiicre tedavileri ve

hedefe yonelik nanosistemler gibi alanlarda kaydedilen ilerlemeler, veteriner tipta daha
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hizli, giivenilir ve kisisellestirilmis ¢oziimlerin ortaya ¢ikmasina katkida bulunmustur.
Bununla birlikte, bu teknolojilerin klinik entegrasyonunda karsilagilan bazi sinirliliklar
devam etmektedir. Tirler arasi biyolojik degiskenlik, uzun dénem giivenlik verilerinin
sinirli olusu, nanoteknolojik tiriinlerde toksisite belirsizlikleri ve yapay zeka modellerinde
dogrulama gereklilikleri, gilincel literatiirde vurgulanan baslica sorunlar arasindadir.
Ayrica sensOr tabanli sistemlerin saha kosullarina adaptasyonu ve kok hiicre
uygulamalarinda etik ile tiretim gibi konular gelecekte daha fazla ¢alisma yapilmasi
gerektirmektedir. Sonug¢ olarak, biyomedikal miihendisligi ile veteriner hekimligin
entegrasyonu hayvan sagligi, refah1 ve translasyonel tip agisindan biiyiik potansiyellere
sahiptir. Gelecek ¢alismalarin; yapay zeka algoritmalarinin validasyonu, nanoteknolojik
yapilarin giivenlik analizleri, doku miihendisligi {iriinlerinin uzun dénemli klinik takibi
ve EIT gibi fonksiyonel goriintileme yoOntemlerinin optimize edilmesi {izerine

yogunlagmasi 6nemli katkilar saglayacaktir.
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Ozet: Kiigiikbas hayvanciliktan elde edilen dogal lifler (yapagy, tiftik, kil ve kasmir) Tiirkiye’ de
ve diinyadaki tekstil temelli liretim endiistrisi ve biyoteknolojik potansiyeli acisindan onemli
kaynak olusturmaktadir. Geleneksel olarak tekstil sanayisinin hammaddesi olarak kullanilan bu
lifler, gilinlimiizde gelisen analiz teknolojileri ve disiplinler arasi yaklasimlar sayesinde
biyomedikal malzemelerden nanokompozit iiretimine, kozmetik formiilasyonlardan fonksiyonel
gidalara kadar genis bir kullanim alanina sahip bir durumdadir. Bu c¢alismada, kiigiikbag
hayvansal liflerde kullanilan analiz yontemleri fiziksel, kimyasal ve molekiiler olmak {izere {i¢
ana baslikta smiflandirilmistir. Fiziksel analizler; lif ¢ap1, uzunlugu, elastikiyet ve mukavemet,
kivrim yapisi, parlaklik gibi tekstil kalitesinin temel belirleyicilerini kapsamaktadir. Kimyasal
analizler ise liflerin ana yapisimi olusturan keratin proteininin amino asit bilesimi, elementel
igerigi, termal davranigi ve molekiiler yap1 6zelliklerini ortaya koymaktadir. Molekiiler analizler,
hayvansal lif arastirmalarinda oldukca 6nem kazanmistir. Tiirkiye’deki arastirmalar agirlikli
olarak fiziksel ve kimyasal analizlere odaklanmis olsa da son yillarda genetik ¢esitlilik analizleri,
1rk bazli kalite haritalar ve folikiil biyolojisine yonelik molekiiler ¢aligmalar artig gostermektedir.
Diinya literatiirinde analiz yontemleri daha cok disiplinler arasi c¢ergevede ele alinmakta;
nanokompozit iiretimi, doku miihendisligi uygulamalari, biyoplastik gelistirme, keratin bazli yara
ortiileri, hidrojeller ve biyobozunur kompozitler gibi alanlara yonelim gostermektedir. Hidrolize
keratin peptitlerinin fonksiyonel gida ve takviye edici besin iiriinlerinde kullanimi1 da 6nemli
gelismelerdendir. Bu derleme genel olarak, kiiciikbas hayvansal liflerin analizinde kullanilan
gelencksel ve modern yontemleri agiklamakta, disiplinler arasi arastirmalar i¢in bir yol haritasi
sunmaya c¢aligmaktadir. Tirkiye’nin zengin kiigiikbas hayvan kaynaklari, lif analizlerinde
gelecege yonelik yenilik¢i yaklagimlar igin biiyiik potansiyel tasimaktadir.

Anahtar Kelimeler: Keratin, kiigiikbas hayvan lifleri, molekiiler analiz, tiftik, yapag1

Fiber Analysis Methods and Future Perspectives in Small Ruminant Farming

Abstract: Natural fibers obtained from sheep farming (wool, mohair, hair, and cashmere)
constitute a significant resource for the textile-based production industry and biotechnological
potential in Turkey and globally. Traditionally used as raw materials for the textile industry, these
fibers now have a wide range of applications, from biomedical materials to nanocomposite
production, from cosmetic formulations to functional foods, thanks to development analysis
technologies and interdisciplinary approaches. In this study, the analysis methods used on sheep
fibers are classified under three main headings: physical, chemical, and molecular. Physical
analyses cover the fundamental determinants of textile quality, such as fiber diameter, length,
elasticity and strength, crimp structure, and luster. Chemical analyses reveal the amino acid
composition, elemental content, thermal behavior, and molecular structure of keratin, the primary
structure of fibers. Molecular analyses have gained significant importance in animal fiber
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research. While research in Turkey has primarily focused on physical and chemical analyses,
genetic diversity analyses, breed-based quality maps, and molecular studies on follicle biology
have increased in recent years. In the world literature, analysis methods are often addressed within
an interdisciplinary framework, focusing on areas such as nanocomposite production, tissue
engineering applications, bioplastic development, keratin-based wound dressings, hydrogels, and
biodegradable composites. The use of hydrolyzed keratin peptides in functional foods and
nutritional supplements is also a significant development. This review generally describes
traditional and modern methods used in the analysis of small ruminant fibers and attempts to
provide a roadmap for interdisciplinary research. Turkey's rich small ruminant resources hold
great potential for innovative approaches to fiber analysis.

Keywords: Keratin, small animal fibers, molecular analysis, mohair, wool

GIRIS

Kiiciikbas hayvan, diinya ekonomisi ve kirsal kalkinmasi agisindan stratejik
Oneme sahip bir tiirdiir. Koyun ve kegi yetistiriciligi, et ve siit liretiminin yani sira dogal
liflerin (yapagy, tiftik, kil, kagmir vb.) elde edilmesi yoniinden degerli bir biyolojik kaynak
olup, yapag liflerinin fiziksel ve kimyasal yapisiyla ilgili ¢ok ¢esitli calismalar
yapilmasina ragmen tiftik lifleri lizerine yapilan ¢alismalar simirli kalmistir (Atav ve
Oktem, 2006). Tiirkiye’de tekstil {iretimi, koyun yiiniinden elde edilen dogal liflere
oncelik vermis olup, kece ise biiylik olasilikla yiinlii kumasin en eski seklini temsil
etmektedir (Yaman ve ark., 2025). Koyun wrklarindan elde edilen yapagi, diinya tekstil
sektorline hammadde saglamaktadir. Yapagi, termo-higrometrik ve akustik
ozelliklerinden dolayi, performatif yalitim saglayan dogal liflerden biri olarak kabul
edilmektedir. Bu nedenle hem termal hem de akustik yalitim i¢in 6nemlidir (Korjenic ve
ark., 2015). Yapag1 yapisindaki keratin sayesinde, nem ¢ekme 6zelligine sahiptir. Havanin
etkili bir sekilde hapsedilmesini saglayarak 1s1 iletkenligini azaltarak yalitim
performansini arttirmaktadir. Geleneksel yalitim malzemelerine kiyasla yiin, ortamin
bagil nem seviyelerini diizenleyerek yogusma ve kiif olusumu riskini azaltarak i¢ mekan
hava kalitesini de iyilestirmektedir (Saaidia ve ark., 2025). Yapaginin alev geciktirici
0zelligi de bulunmaktadir. Yapaginin yapisindaki nitrojen ve su igeriginden dolayi, ates
direnci yiiksek bir liftir. Bu sebeple yangina ve patlayicilara maruz kalan herkesi korumak
icin kisisel koruyucu ekipmanlarinda yaygin olarak kullanilmaktadir (Kozlowski ve ark.,
2014). Yapagy, tekstil haricinde, tarimda organik giibre liretiminde de 6nemli bir alternatif
olusturmaktadir. Yakin zamanl bir ¢calismada, yapagindan elde edilen elde edilen keratin
hidrolizatin, marul, 1spanak ve turp bitkilerindeki biiylimesi ve mineral beslenmesi
tizerine olumlu etkileri rapor edilmistir (Sahin ve ark., 2025). Bunlara ek olarak,

yapagindan elde edilen lanolin, yapisal bir mum olan lipoittir. Lanolin yagi, mumu,
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alkolii, asetillenmis ve hidrojene lanolin dahil olmak iizere ¢esitli tiirevleri, kisisel bakim
tiriinlerinde, kozmetikte ve tropikal ilaglarda kullanilmaktadir (Lyapina ve ark., 2025).

Hayvansal lifler, en fazla tekstil endiistrisinde kullanim alan1 bulmustur. Ancak
son yillarda, yeni analiz tekniklerinin gelismesiyle birlikte biyomedikal ve nanoteknolojik
uygulamalarda da kullanimi artmaktadir (Feroz ve ark., 2020). Bu liflerin morfolojik ya
da molekiiler analizlerinde ve kalite degerlendirmesinde cesitli parametreler s6z
konusudur (Heliopolulos ve ark., 2024). Ornegin, lif inceligi, uzunlugu, elastikiyet ve
mukavemeti gibi fiziksel parametreler tekstil kalitesini belirlemektedir. Dogal liflerin ana
bilesenini olusturan keratin, kompleks bir proteindir (Banasaz ve Ferraro, 2024). Keratin
yapisindaki distilfit baglarinin yogunlugu, amino asit kompozisyonu ve elementel
bilesimi gibi kimyasal 6zellikler lifin dayaniklilig: ile yakindan iliskilidir (Wang ve ark.,
2016). Son yillarda, hayvansal liflerin yapisal proteini olan keratin iizerine ¢aligmalar
yogunlagmis olup; bu sayede keratin gen ekspresyonu, proteomik analizler ve DNA
temelli caligmalar ile lif kalitesi ile iliskili molekiiler mekanizmalarin anlagilmasi
kolaylagsmistir (Vineis ve ark., 2019).

Tiirkiye’de yliriitiilen arastirmalarin biiylik bir kismi, yapagi ve tiftik liflerinin
fiziksel, kimyasal analizleri {izerinden yapilmakta olup, (Baskan-Bayrak ve Karakas,
2024) son donemde de genetik analizlerine odaklandig1 bildirilmistir (Yaman ve ark.,
2025). Bu calismalarda, lif uzunlugu, incelik, elastikiyet, mukavemet, nem tutma
kapasitesi ve mikroskobik dl¢iimlerine agirlik verilmis olmakla birlikte, kimyasal bilesim
parametreleri de degerlendirilmistir (Odabasioglu ve ark., 2009). Hayvansal lif
arastirmalarinda, FTIR, taramali elektro mikroskop (SEM), OFDA marka lif inceligi
Olcen cihaz ve mekanik testler gibi yontemlerle lif yapist fiziksel olarak
degerlendirilmistir (Sarigicek, 2021). Ancak bu arastirmalarin biiyiik bolimii hala
gecerliligi olan ve geleneksel yontemlerle sinirlt kalmistir. Uluslararasi diizeyde yapilan
calismalara bakildiginda, ileri analiz teknolojilerin dahil oldugu ve disiplinler arasi
yaklasimlar dikkati ¢ekmektedir. Bu ¢alismalarda, proteomik gen ekspresyon analizleri,
spektroskopik yontemler ve nanoteknolojik ylizey karakterizasyonu gibi yOntemler,
liflerin yapisal ve fonksiyonel 6zelliklerini kapsamli bir sekilde anlagilmasina olanak
tanimaktadir (Mattiellos ve ark., 2022; Banasaz ve Ferraro, 2024). Calismalarda lif
analizleri daha genis bir perspektifle ele alinmakta; biyoteknolojik modifikasyonlar,
nanokompozit liretimler 6ne ¢ikmaktadir (Feroz ve ark., 2020). Hayvansal lif analizine
iliskin yontemlerin sistematik bi¢cimde simiflandirilmast yalnizca bilimsel degil, ayni

zamanda endiistriyel kalite agisindan da biiylik 6nem tagimaktadir.

252



Bu derleme, Tiirkiye ve diinyada kiiciikbas hayvanciliktan elde edilen liflerin
analizinde kullanilan yontemleri, fiziksel, kimyasal ve molekiiler bagliklar1 altinda
inceleyerek mevcut bilgi birikimini Ozetlemeyi ve gelecekteki arastirmalar igin

yonlendirici bir perspektif sunmay1 amaglamaktadir.

Analiz Yontemleri

Liflerin analiz yontemlerinin siniflandirilmasi bakimindan birgok arastirmada
analiz yontemleri fiziksel ve kimyasal olarak iki baglikta toplanmistir. Bu derlemede ise,
analiz  yontemleri fiziksel, kimyasal ve molekiiler olarak {i¢ ana baslikta
degerlendirilmistir.

Fiziksel Analiz Yontemleri

Kiiciikbas hayvancilikta, liflerin kalite degerlendirmesinde fiziksel analizler en
temel yontemler arasinda yer almaktadir. Lifin ticari degeri, kullanim alan1 ve tekstil
kalitesi, bliylik Olclide fiziksel ozellikleriyle iliskilidir (Hearle ve Morton, 2008).
Hayvansal liflerin fiziksel analizi yapilirken bakilan parametreler, lif uzunlugu, incelik,
elastikiyet, mukavemet, liile yapisi, renk ve parlaklik olarak adlandirilmaktadir. Bunlarin
yani sira liflerin nem cekme kapasitesi, yogunluk ve ozgiil
agirlik 6l¢iimleri ve mikroskopik incelemeleri de fiziksel analiz igerisinde parametre
olarak degerlendirilmektedir. Bu parametrelere ait fiziksel analiz yontemleri asagida
strayla agiklanmistir.

Lif Capt ve Incelik Olgiimii

Lif gapt hem yapagi hem de tiftikte en 5Snemli kalite parametresidir. incelik
azaldikea lifin yumusakligi, esnekligi dokuma ya da 6rme kalitesi artmaktadir (Franck,
2001). Olgiim igin giiniimiizde OFDA ve Lanometre kullanilmaktadir. Bu cihazlarla,
yapag1 ve tiftik liflerinde ytliksek dogrulukla hizli 6lglim saglanabilmektedir. OFDA
cihaziyla kisa zamanda biiyiik ornekler calisilabilirken, OFDA cihazinin maliyetinin
yuksek olmasi ve kirli yapagi ve tiftikte hata verme olasiligi dezavantaj olarak
goriilmektedir.

Lif Uzunlugu

Lif uzunlugu, iplik mukavemetini ve egirme verimini etkileyen 6nemli bir
parametredir. Uzun lifler, iplik iretiminde tercih edilen bir 6zelliktir ve mekik veya elyaf
makinelerinde performans: belirlemektedir (Atav ve Oktem, 2006). Yapag lifleri, 5-35
cm uzunluguna, tiftik lifleri ise genellikle 12-15 cm uzunluguna ulagabilmektedir (Hearle

ve Morton, 2008). Uzun lifler, e§irmede yiiksek performans saglamaktadir.
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Liile (Crimp) ve Liile Yogunlugu

Yapag1 ve tiftik liflerinin kiviim  6zellikleri, iplik yapiminda tutunmayr ve
dolgunlugu etkilemektedir. Liflerin kivrim sayist fazlalagtikca lifin uzunlugu da
artmaktadir (Hearle ve Morton, 2008). Yapagi liflerinde dalgalanma oOnemli kalite
gostergesidir. Az kivrimli yilin daha yumusak olurken, ¢cok kivrimli yiin kegelesmeye karsi
daha dayanikli olmaktadir. Tiftik de daha az crimp vardir; bu da life parlaklik ve
diizgiinlik saglamaktadir (Atav ve Oktem, 2006). Liile yogunlugu manuel olarak
Olctilebildigi gibi, OFDA cihaz1 ile yiliksek dogrulukta ve kisa zamanda Ol¢iim
yapilabilmektedir. Ancak lif numunesinin kirli olmast durumunda hata verebilme ihtimali
g6z ard1 edilmemelidir.

Mukavemet ve Elastikiyet

Liflerin dayanikliligt ve esneme kapasitesi, Ozellikle tekstil iiretiminde lifin
performansin1 belirlemektedir. Lif ¢api, yani incelik arttitkga nisbi mukavemet
azalmaktadir (Daskiran ve Koluman, 2015). Yapagi ve tiftikte, mukavemet ve elastikiyet
Olclimleri tensile ve demet testleri ile yapilmaktadir. Yapag: lifleri, ince, yumusak ve
esnek lif profili ile avantaj saglarken; tiftik daha hacimli, sert ve dayanikli lif
ozellikleriyle kompozit ve teknik uygulamalarda avantaj saglamaktadir (Stipo ve ark.,
2025).

Renk ve Parlaklik

Hayvansal liflerde parlaklik, kalite siniflamasinda 6nemli bir parametredir. Tiftik
lifleri renk ve parlaklik bakimindan yapagi liflerine oranla biiyiik bir istiinlik
gostermektedir. Tiftik lifleri genellikle beyaz, yapag: lifleri ise kahverengi veya siyah
olarak tanimlanmaktadir (Atav ve ark., 2022). Giinlimiizde liflerin rengini belirlemede,
kolorimetre ve spektrofotometre cihazlar1 kullanilmaktadir.

Kimyasal Analiz Yontemleri
Hayvansal liflerin esas ana yapi1 bileseni keratin olup, protein igerikli keratin yapinin

yan1 sira az miktarda i¢ lipit ihtiva etmektedir. Kimyasal analizler, protein yapinin ve i¢
lipitlerin elementel bilesimlerini, amino asit yapisint ve igerdigi distilfit baglarim
tanimamiza olanak saglamaktadir (Zoccola ve ark., 2023).

Amino Asit Analizi

Kiiciikbag hayvan liflerinin temel yapisini olusturan keratin, on sekiz amino
asitten olugmaktadir. Keratinin yapisint olusturan disiilfiir baglar1 ve sistein amino
asidinin ¢oklugu, life yiiksek kimyasal diren¢ kazandirmaktadir (Sparrow ve ark., 1989).

Bu ana yap1 bilesenleri Gaz Kromatografisi (GS) ile belirlenmektedir. Hayvansal liflerde
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amino asit bilesimi; lif kalitesi, islenebilirlik, biyobozunurluk, biyomalzeme potansiyeli
gibi parametreleri de belirlemektedir. Ornegin, yakin zamanli yapilan bir ¢aligmada, yiin
keratinin igeriginde bulunan amino asit yapisinin, besin hammaddesi olarak
kullanilabilecegi bildirilmistir (Dias ve ark., 2022). Tiftik ve kagmir gibi ince yapili lifler,
az miktarda Ornekle g¢alisildig1 zaman, yetersiz protein ve diisiik amino asit miktar
nedeniyle, analiz hassasiyeti diisebileceginden hata verebilecegi g6z Oniinde
bulundurulmalidir.

Spektroskopik Analizler

Spektroskopik yontemler, yapagi, tiftik ve diger hayvansal liflerde kimyasal yapi,
ylizey Ozellikleri analizlerinde ve lif tiiri tanimlamasinda yaygm bir sekilde
kullanilmaktadir (Chen ve ark., 2024). Hayvansal liflerin kimyasal yapisin tanimlanmasi
icin, yakin kizilotesi alanda (NIR), Raman spektroskopileri ve amino asit varyasyonuna
duyarli Fourier Dontisimi Kizil6tesi Spektroskopisi (FTIR) kullanilmaktadir (Notayi ve
ark., 2022; McGregor ve ark., 2018). Spektroskopik analiz yontemleri, endiistriyel kalite
kontroliinde ve liflerin tanimlanmasinda biiyiik avantaj saglamaktadir. Ancak amag, lifin
mekanik performansit veya biyomalzeme potansiyeli ise amino asit analizi ve
mikroskobik analiz gibi diger yontemlerle desteklenmelidir.

Termal Analizler

Termal analizler genel olarak hayvansal liflerin 1s1ya kars1 vermis oldugu tepkiler
olarak tanimlanmaktadir. Hayvansal liflerin (yapagy, tiftik, kagmir) temel yapisi keratin
proteinidir. Keratinin 1stya kars1 verdigi tepki lifin kalitesini, dayanikliligini ve islemeye
uygunlugunu belirlemektedir. Termal analiz yontemleri, liflerin bozulma sicakligi,
denatiirasyon noktasi, 1s1l kararliligi ve nem igerigi gibi parametrelerin belirlenmesini
saglamaktadir (Gray ve ark., 2011).

TGA (Termogravimetrik Analysis) ile liflerin sicaklifa bagli bozulma davranisi
ortaya c¢ikmaktadir. Yapagi lifleri 230-350 °C araliginda bozulma davranisi
gostermektedir. Tiftik lifleri daha diizenli yapis1 nedeniyle daha yiiksek termal stabilite
gostermektedir (Zoccola ve ark., 2023). Bu yontemle lifin termal kararlilig
belirlenmektedir; ancak tek basina kimyasal yapiy1 agiklamakta yeterli degildir.

DSC (Differential Scanning Calorimetry) ile keratin denatiirasyon sicakligi,
Ozgiil 1s1 kapasitesi, termal ayrigsma 06zelliklerini incelemek icin kullanilmaktadir
(Wortmann ve Deutz, 1993). DSC ile keratinin 1s1l yapisal biitiinliigii degerlendirilmekte

ve kimyasal iglem Oncesi ve sonrasi karsilastirmalar yapilmaktadir.
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Molekiiler Analiz Yontemleri

Hayvansal liflerin yapisal temelini olusturan keratin proteinleri, genetik diizeyde
diizenlenen genis bir protein ailesine aittir. Bagka bir ifade ile keratin sentezi genetik
kontrol altinda olup, sadece o tiire 0zgiidiir (Zoccola ve ark., 2023). Lif kalitesini
belirleyen biyolojik mekanizmalarin, molekiiler diizeyde calisilmasi, biiyiikk 6nem arz
etmektedir. Yapag ve tiftik gibi keratin yapili liflerde molekiiler analizler, liflerin genetik
yapisini, protein kompozisyonunu, lif folikiiliiniin gelisim siireglerini ve genetik
cesitliligini ortaya koymay1 amaglamaktadir. Molekiiler analizler, canlidan alinan folikiil
hiicrelerinin  incelenmesiyle olabildigi gibi genetik materyal Ornekleriyle de
yapilabilmektedir. Son yillarda yogunluk kazanan baslica molekiiler analiz yontemleri,
proteomik ve keratin profil analizleri ve DNA tabanli molekiiler analizler olarak
goriilmektedir.

Proteomik ve Keratin Profil Analizleri

Hayvansal lifler, keratin (KRT) ve keratinle ilgili proteinler (KRTAP)’den
meydana gelen genis bir protein ailesinin biitlinlidiir (Mutlu ve Dingel, 2024). Keratin
proteinlerinin ¢esitliligi, lifin mekanik 6zellikleriyle dogrudan iligkilidir. LC- MS/MS
(Liquid Chromatography- Tandem Mass Spectrometry) gibi proteomik teknikler lif
karakterizasyonunda yaygin olarak kullanilmaktadir (Zhang ve ark., 2024). Bu yontem
keratin ve keratinle ilgili proteinlerin tanimlanmasini ve kalite parametreleriyle
iligkilendirilmesini saglamaktadir. Farkli tiirler arasinda proteomik karsilastirmalar
yapilmasinda da etkili bir yontemdir. LC- MS/MS tabanh analizlerle kasmir liflerinde
keratin ve KAP (Keratin-Associated Proteins)’in, lif inceligi ile iliskili oldugu
belirlenmistir (Zhang ve ark., 2025). Bu yontem, ayrintili keratin karakterizasyonu
saglamakta olup, maliyetli ve ileri diizeyde uzmanlik gerektiren bir yontem olmasi
dezavantaj olarak goriilebilmektedir.

DNA Tabanl Molekiiler Analizler

DNA tabanli molekiiler analizlerin amaci, lif kalitesini etkileyen genetik
bilesenleri ortaya koymaktir. Keratinin bu genetik yapisini belirlemede gen ekspresyon
yontemi ve RT- qPCR (Real-Time Quantitative PCR) cihazi kullanilmaktadir (Zhou ve
ark., 2024). Lifin folekiiler gelisimi esnasinda keratin genlerinin (KRT, KAP) ekspresyon
degisimleri izlenmektedir. Bu yontemle farkl: tiir ve irklarin lif kalitesi ve gen ekspresyon
temeli de aragtirilmakta olup, hizl1 ve hassas bir sonu¢ saglanmaktadir.

Liflerin temel yap1 ve kalite 6zelliklerinin genetik alt yapisin1 incelemek igin;

Genom Boyu lliskilendirme (GWAS) teknigi ile tek cekirdek polimorfizimi (SNP)

256



tanimlanmasi ve Mikrosatellit analizleri kullanilmaktadir (Wang ve ark., 2014). GWAS
ve Mikrosatalit yontemleri ile liflerin, lif inceligi, uzunlugu, parlakligi gibi kantitatif
ozelliklere etki eden ilgili gen(ler) calisilmalar1 yapilmaktadir. Tiirkiye’de akkaraman
koyunlarinin yapagi kalitesini etkileyen SNP bolgelerinin GWAS teknigiyle belirlenmesi
adli ¢alismada bircok ilgili SNP noktasi bildirilmistir (Arzik ve ark., 2023).

Fibroblast biiylime faktorii 5 (FGF5) geni, kiiglikbas hayvanlarda kil folikiiliiniin
uzunlugundan sorumlu olup, kil folikiiliiniin uzama dénemini (anagen) kisaltmakla
gorevli bir gen olarak bilinmektedir. Yapagi iizerine yapilan bir c¢alismada ise,
CRISPR/Cas9 aracili FGF5 aktivite kaybinin yapagi lifinin biiytimesini destekledigi ve
lif verimini artirabilecegi bildirilmistir (Li ve ark., 2017). Son yillarda genomik
seleksiyon calismalarinda 6n plana ¢ikan DNA tabanli yaklasimlar biyoinformatik

uzmanlig1 gerektirmektedir.

Gelecek Perspektifi

Diinya tiizerinde kiigiikbas hayvanciliktan elde edilen liflerin kullanim alani
geleneksel tekstil endiistrisin 6tesine gegerek biyomedikal, nanoteknolojik, kozmetik ve
beslenme gibi ¢ok farkli disiplinleri kapsamaktadir. Ornegin; yeni nesil molekiiler
teknolojiler, lif analizini biyoteknolojik modifikasyonlarla birlestirmektedir. Bu
caligmalar, keratin yapisimin daha 1iyi tanimlanmasma olanak saglamaktadir.
Ayrica, rekombinant keratin liretimi ve enzimatik ylizey modifikasyonu, ¢evre dostu
iiretim ve nanokompozit malzeme gelistirme agisindan biiyiik potansiyele sahip oldugu
bildirilmektedir (Feroz ve ark., 2020). Keratin bazli polimerler, biyolojik olarak
parcalabilirlik, biyouyumluluk ve mekanik dayaniklilik gibi belirgin 6zelliklerinden
dolay1 modern biyomalzeme gelistirme alaninda dikkat ¢ekmektedir (McLellan ve ark.,
2018).

Giintimiizde lifler, keratin temelli yar1 gegirgen yara ortiileri, doku miithendisligi
iskeleleri (Aluigi ve ark., 2015; Kakkar ve ark.,, 2014; Wang ve ark.,
2017), biyoemilebilir dikis materyalleri ve hidrojeller (McLellan ve ark., 2019)
biyomedikal uygulamalarda yaygin olarak kullanilmaktadir. Bu yapilar, hiicre tutunmasi
ve doku yenilenmesini destekleyen biyouyumlu 6zellikler tasimaktadir. Hayvansal lifler
nanoteknolojik ve komposit uygulamalarda da kullanilmaktadir. Ornegin; 6zellikle
keratin katkili biyoplastikler, ¢evre dostu malzeme iiretiminde degerlendirilmektedir

(Fernandez-d'Arlas, 2019).
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Ayrica, kiigiikbas hayvansal liflerden elde edilen hidrolize keratin iiriinleri, besin
takviyesi olarak kullanilmasi bakimindan da 6ne g¢ikmaktadir. Keratin yapist geregi
dogrudan sindirilemedigi i¢in hidrolize edilerek icerigindeki biyoaktif peptitler serbest
amino asitlere doniistiiriilerek sindirilebilirligi saglanmaktadir (Giteru ve ark., 2023).
Bu biyopeptitler, sa¢, tinak ve cilt saghgini destekleyici oral takviyelerde
veya fonksiyonel gida bileseni olarak kullanilmaktadir.

Biitiin bu gelismeler, kiiclikbas hayvansal liflerin yalnizca tekstil tirtinii degil, ayn
zamanda biyoteknolojik, nanokompozit alanlar, yara iyilesmesi, doku miihendisligi
iskeleleri ve besin takviyesi olabilecek peptitler olarak kullanilmasina imkan saglamig
olup, bu geligme liflere stratejik deger kazandirmistir. Gelecekte ise, liflerden tiiretilen bu
biyoaktif molekiiller ilag, gida ve ¢evre dostu malzeme {iiretiminde ana rol oynayacagi

goriilmektedir.

SONUC

Kiiciikbag hayvanciliktan elde edilen dogal liflerin analizi yoOntemlerinin
tyilestirilmesi ve molekiiler alt yapilar ile desteklenmesi, sadece tekstil ham maddesinin
kalitesini artirmakla sinirlt kalmayarak, biyoteknoloji, malzeme bilimi ve siirdiiriilebilir
iretim teknolojileriyle entegre hale gelecegi 6n goriilmektedir. Fiziksel, kimyasal ve
molekiiler analizlerin birlikte yiiriitiilmesi, lif kalitesinin ¢ok boyutlu olarak
degerlendirilmesine imkan taniyacaktir. Gliniimiizde, NIR, FTIR ve RT-qPCR gibi ileri
tekniklerin  kullanildig1  cihazlar sayesinde liflerin, protein yapisi, gen
ekspresyon profili ve kimyasal dayamikliligi yiiksek dogrulukta ortaya konulmaktadir.
Ayrica, yapay zeka destekli goriintiileme sistemleri, nano-6l¢ekli lif modifikasyonlar1 ve
biyoteknolojik {iiretim yaklasimlar1 lif analizlerinde daha yenilik¢i aragtirmalarin
yapilmasina imkan saglayacaktir. Hatta bu teknolojiler, hayvansal liflerin sadece tekstil
malzemesi olarak degil, biyomedikal implantlar, yara Ortiileri, doku miihendisligi
iskeleleri, biyopolimer kompozitler ve besin takviyesi iiretiminde degerlendirilebilecek
yeni bir biyokaynak sinifi olusturacagi on goriilmektedir. Sonug¢ olarak, kiiclikbas
liflerinin analizinde disiplinler arasi, yenilik¢i ve slirdiiriilebilir yaklagimlarin
benimsenmesi, yalnizca bilimsel ilerlemeye degil, ayn1 zamanda diinya ve Tiirkiye’de
biyoteknolojik tiretim kapasitesinin artirilmasina da katki saglayacaktir. Bu nedenle
hayvansal liflerin kaliteli iiretimine ve tretimi destekleyecek teknolojik analiz
yontemlerine gereken degerin verilmesi 6nem arz etmektedir.

Cikar Catismasi Beyani: Yazarlar arasinda ¢ikar ¢catismasi bulunmamaktadir.
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