
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VETERINARY &

Cilt/Volume: II 

Sayı/Number : 1 

Yıl/Year: 2026 

 

Vol II N
o. 1 (202 6) Veterinary and Zootechnical S

ciences  



 

 

 

 
Cilt /Volume: 2, Sayı / Number: 1, Yıl / Year: 2026 

 

 

From The Editor;  

Dear Readers and Authors, 

 

We, Veterinary and Zootechnical Sciences (VZS), are pleased and honored to present 

the first issue of 2026. 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 ÖZKÖK 

 

 

Editörden; 

Sevgili Okuyucular ve Yazarlar, 

 

Veterinary and Zootechnical Sciences (VZS)" olarak, 2026 yılının ilk sayısını 

sunmaktan mutluluk ve onur duyuyoruz. VZS, bilimsel yayın etiğini ilke edinen, çift 

kör hakemli, açık erişimli akademik dergidir. Veterinary and Zootechnical Sciences 

(VZS)’ın bu sayısında makaleleriyle katkıda bulunan akademisyenlere, editör 

kurullarında yer alan değerli bilim insanlarına ve bu süre boyunca 

görüş/fikir/katkı/eleştirileriyle makalelerin değerlendirme sürecinde yer alan 

hakemlere teşekkür ederiz. 

 

          

         Baş Editör 
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Abstract: The present study aimed to compare the histopathological effects of nano iron oxide, 

conventional iron oxide, and iron sulfate following oral exposure in rats. Groups of five rats each 

received either vehicle, nano iron oxide, iron oxide, or iron sulfate (25.00 mg/kg, orally, once 

daily) for 28 days. Stomach, liver, and spleen tissues were processed for hematoxylin and eosin 

staining and examined under light microscopy for qualitative and morphometric evaluation. In 

the stomach, iron sulfate treatment increased the number of zymogen cells by 53% and 

undifferentiated cells by 100% (P < 0.05). The length of gastric glands was elevated by 60% and 

46% in the iron sulfate and iron oxide groups, respectively (P < 0.05), while nano iron oxide had 

no significant effect. Interestingly, in the liver necrotic cells decreased by 85%, 71%, and 78% in 

the iron sulfate, iron oxide, and nano iron oxide groups, respectively (P < 0.05). In the spleen, 

only iron oxide induced a 93% increase in hemosiderin-containing cells (P < 0.05). These results 

suggest that iron sulfate may promote gastric cell proliferation and differentiation, while all three 

iron compounds appear to reduce cellular necrosis. However, conventional iron oxide may pose 

a risk of hemosiderosis. 

Keywords: Histopathology, iron compounds, oral exposure, rats 

INTRODUCTION  

Advances in nanoparticle engineering have opened major opportunities in 

pharmacology and therapeutics, enabling innovations in drug discovery, targeted 

delivery, biomarker detection, and molecular diagnostics. At the same time, their potential 

to cause harmful effects has led to the development of nanotoxicology, a field dedicated 

to assessing the safety and risks of nanomaterials (Donaldson et al., 2004). To minimize 

risks, the advancement of nanoparticle-based diagnostics and therapeutics must occur in 

parallel with thorough evaluations of their toxicological and environmental effects (Hoet 

et al., 2004; Malhotra et al., 2020). 
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Understanding nutrient deficiency and toxicity largely comes from controlled 

animal studies. Nutrients show normal physiological effects within an optimal intake 

range, while excess amounts can become toxic and insufficient amounts cause deficiency. 

Iron’s key roles stem from its redox activity, but this also makes it highly reactive and 

capable of generating harmful intermediates. To prevent oxidative damage, iron is safely 

bound by proteins like transferrin and ferritin (Mahan, 2016).  It is a vital element for life, 

existing in two oxidation states divalent (Fe²⁺) and trivalent (Fe³⁺) and plays an essential 

role in hematopoiesis. Iron deficiency results in anemia, which is commonly treated with 

oral supplementation of liquid or solid iron salts (Fox, 2015). 

Iron absorption depends on gastrointestinal conditions, such as whether the 

stomach is full or empty. New iron salts like iron oxide are being studied as alternative 

oral sources. Additionally, metallic nanoparticles, including iron nanoparticles, are 

increasingly used in industry and medicine, raising concerns because they can enter the 

digestive tract and pose potential toxic effects. 

Iron oxide nanoparticles possess unique magnetic and biochemical properties that 

enable their use in anemia therapy and medical imaging (Reimer and Weissleder 1996; 

Weissleder et al., 1995). Their biological behavior including half-life, biodistribution, and 

absorption is influenced by particle size (10-500 nm) and surface coating. As a result, 

toxicity findings are often inconsistent across studies (Berry et al., 2004; Berry et al., 

2003). Another promising application of iron oxide nanoparticles is in wound healing, 

where they interact with thrombin and promote clot formation  (Berry et al., 2004). 

Iron oxide (Fe₂O₃), commonly found in nature as hematite, is a metal oxide with 

numerous industrial uses. It serves as a pigment in colored cements, paints, cosmetics, 

and as a component in electrodes, brake pads, and welding powders, owing to its purity 

and uniform particle size. 

Iron sulfate is another widely used iron salt in medicine, available in tablets, 

capsules, drops, and syrups. Despite its efficacy, ferrous sulfate often causes 

gastrointestinal side effects, including nausea, epigastric discomfort, abdominal cramps, 

constipation, diarrhea, and stool discoloration. These effects are dose-dependent and may 

be reduced by adjusting the dosage or taking the drug with meals (Zehnder et al., 2009). 

Ferrous sulfate can interfere with some diagnostic tests and may cause acute poisoning in 

children if taken in large amounts. Long-term or excessive iron intake can lead to 

hemosiderosis, marked by iron buildup in organs. 

https://creativecommons.org/licenses/by/4.0/


       
© 2026 The Author (s). This work is licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0).           

  
                                                                                             3 

Iron is primarily absorbed in the duodenum and jejunum, transported by 

transferrin, and stored as ferritin or hemosiderin in the liver, bone marrow, spleen, and 

muscles. In the liver, it first appears as golden hemosiderin granules near the portal area, 

staining blue with Prussian blue. With continued accumulation, fibrosis develops and can 

progress to micronodular cirrhosis (McGee et al., 1994). Acute iron poisoning results in 

gastrointestinal corrosion and cellular injury due to excess free iron in circulation. High 

doses surpass absorption limits, allowing free ions to penetrate the liver, heart, and brain, 

causing lipid peroxidation and organelle damage (Gupta, 2012; Bonkovsky, 1991). 

Chronic overload may promote collagen production, DNA damage, and hepatocellular 

carcinoma. (McGee et al., 1994). 

Although iron is essential, its different salts, doses, and nanoparticle forms can 

cause varying toxic effects. No study has fully compared the histopathological impacts of 

nano iron oxide, conventional iron oxide, and iron sulfate on the stomach, intestine, and 

spleen. This study aims to fill that gap by evaluating the effects of these three iron forms 

(25 mg/kg orally for 28 days) in rats, providing comparative toxicity insights to support 

safer clinical and industrial use.  

 

MATERIAL AND METHOD 

Ethical Approval 

At the time of the study, ethical oversight for animal experimentation was provided 

by the Research Council of the Faculty of Veterinary Medicine, University of Tehran. 

Ethical aspects of animal use and the experimental protocol were reviewed and approved 

by this institutional body. An official signed and stamped confirmation letter has been 

submitted to the journal. 

The authors declare that all experimental procedures involving animals were 

conducted in accordance with internationally accepted principles for the care and use of 

laboratory animals and complied with recognized animal welfare standards. 

 

Chemicals 

Ferrous sulfate (FeSO₄·7H₂O) and iron oxide (Fe₂O₃) were purchased from Merck 

(Darmstadt, Germany). Nano iron oxide (Fe₂O₃ nanoparticles) was synthesized at the 

Faculty of Veterinary Medicine, University of Tehran. In brief, iron sulfate was dissolved 

in distilled water and heated under continuous mechanical stirring. Ethyl alcohol was 

https://creativecommons.org/licenses/by/4.0/
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subsequently added, followed by the gradual addition of polyvinyl alcohol as a stabilizing 

agent, resulting in the formation of a homogeneous sol. The temperature was then 

increased to facilitate solvent evaporation and gel formation. The resulting gel was 

subjected to pyrolysis at temperatures above 450°C, yielding iron oxide nanoparticles. 

Physicochemical Characterization of Nano Iron Oxide 

 

The physicochemical characteristics of the synthesized nano iron oxide were not re-

evaluated in the present study. However, the nanoparticles were produced according to a 

previously validated sol-gel protocol described in a registered patent by Gholamreza 

Shams, in which comprehensive physicochemical characterization was performed. In that 

work, particle morphology and primary particle size were determined using transmission 

electron microscopy (TEM), hydrodynamic diameter and size distribution were assessed 

by dynamic light scattering (DLS), surface charge was measured by zeta potential 

analysis, crystallinity was confirmed by X-ray diffraction (XRD), and functional groups 

were analyzed by Fourier-transform infrared spectroscopy (FTIR). Based on those 

characterizations, the synthesized iron oxide nanoparticles exhibited nanoscale 

dimensions, crystalline iron oxide structure, and physicochemical properties suitable for 

biological applications. A detailed review on the synthesis of the chemical has been 

published by Mohapatra (2010). 

Animal Model and Experimental Protocols 

Twenty adult female Albino Wistar rats were obtained from the Faculty of Veterinary 

Medicine, University of Tehran. At the beginning of the experiment, the animals were 

eight weeks old and weighed between 100 and 150 g. They were acclimatized for one 

week before the start of the study under controlled environmental conditions (room 

temperature, 12 h light/dark cycle) with free access to standard commercial chow and tap 

water. 

Animals were randomly divided into four groups (n = five per group) as follows: 

A. Group CTL (Control): Received distilled water orally once daily for 28 

consecutive days. 

B. Group SO4: Received iron sulfate (FeSO₄; 25.00 mg/kg, orally, once daily; Merck, 

Darmstadt, Germany) for 28 days. 

C. Group OXY: Received ordinary iron oxide (Fe₂O₃; 25.00 mg/kg, orally, once 

daily; Merck, Darmstadt, Germany) for 28 days. 

https://creativecommons.org/licenses/by/4.0/
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D. Group NAN: Received nano iron oxide (Fe₂O₃ nanoparticles; 25.00 mg/kg, orally, 

once daily, Faculty of Veterinary Medicine, University of Tehran, Tehran, Iran) for 28 

days. 

On day 29, all animals were anesthetized using diethyl ether and euthanized by 

decapitation. The liver, spleen, stomach, and duodenum were immediately excised and 

fixed in 10% neutral buffered formalin for histopathological examination. 

Tissue samples were processed routinely, embedded in paraffin, sectioned at five µm 

thickness, and stained with haematoxylin and eosin (H&E) for microscopic evaluation. 

Histological slides were examined under a light microscope using appropriate objective 

lenses for both qualitative (morphological) assessment and quantitative (morphometric) 

comparisons to identify potential cellular and tissue alterations. 

Prussian Blue Iron Staining 

To confirm the presence of iron deposits, additional sections from the liver and spleen 

were stained using the Prussian blue (Perls’) reaction. Sections were incubated with 2% 

potassium ferrocyanide and 2% hydrochloric acid for 15 minutes. Blue-stained deposits 

were interpreted as ferric iron (Fe³⁺) and quantified in 20 randomly selected high-power 

fields per sample. 

Estimation of Cell Numbers and Tissue Dimensions 

A calibrated ocular micrometer (at 400× magnification) was used for morphometric 

measurements. The observed values were multiplied by 2.55 to convert the measurements 

to micrometers (µm). 

The length of gastric glands was measured randomly in 20 microscopic fields using a 

400× magnification lens. Similarly, the diameter of hepatocytes was measured in 20 

randomly selected cells per animal under the same magnification. 

A raster lens was used for cell counting. At 400× magnification, the observed area 

was 1/16 mm², and at 100× magnification, the corresponding field area was 1 mm². The 

numbers of zymogen cells, undifferentiated gastric cells, and hemosiderin-containing 

splenic cells were counted randomly using a 10 × 10 raster lens (400× magnification) in 

20 microscopic fields per tissue. The number of necrotic hepatocytes was determined 

using the same raster lens at 100× magnification in 20 random fields. 
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Statistical Analysis 

Data distribution was assessed using the Shapiro-Wilk normality test, and 

homogeneity of variances was verified with Levene’s test. Normally distributed data were 

analyzed using one-way ANOVA followed by Bonferroni post hoc tests. When 

assumptions were violated, equivalent non-parametric tests were applied. All analyses 

were performed using GraphPad Prism. Exact p-values are reported, with values < 0.05 

considered statistically significant. 

 

RESULT 

 Clinical Signs  

One rat in the iron oxide group developed neurological signs axial rotation, muscle 

contractions, and stiffness-that worsened with stimulation, appearing on day 17 and 

peaking around day 22. The symptoms gradually improved from days 20-28, and by the 

end of the study the animal showed less rigidity and moved more freely. Despite these 

signs, it continued to eat and drink normally. 

Rats in the iron oxide group were more resistant to oral gavage and less willing to 

receive treatment, whereas those in the iron sulfate group were easier to handle and more 

compliant. 

Pathological Changes 

Duodenum and Stomach 

No histopathological changes were observed in the duodenal tissues or in the non-

glandular portion of the stomach across all experimental groups compared with controls. 

However, in the glandular region of the stomach, marked differences were noted. 

The number of zymogen cells was significantly higher in the iron sulfate–treated 

group compared with all other groups (P < 0.05). (Figure 1A) The mean number of 

zymogen cells per 20 microscopic fields was 23.54 in the iron sulfate group, compared 

with 15.06 in controls, 15.92 in the nano iron oxide group, and 16.50 in the ordinary iron 

oxide group. 

Similarly, the number of undifferentiated gastric cells increased significantly in 

the iron sulfate group (P < 0.05). (Figure 1B) The mean counts per 20 microscopic units 

were 7.49 (iron sulfate), 3.83 (control), 4.94 (nano iron oxide), and 4.76 (iron oxide). 

The length of gastric glands also showed a significant increase in the iron sulfate 

group compared with the control and nano iron oxide groups (P < 0.05) (Figure 1C). The 

https://creativecommons.org/licenses/by/4.0/


       
© 2026 The Author (s). This work is licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0).           

  
                                                                                             7 

mean gland lengths were 24.17 µm (iron sulfate), 14.85 µm (nano iron oxide), 16.99 µm 

(control), and 22.07 µm (iron oxide). 

                                     

 
Figure 1 (A) Mean ± standard error of the number of zymogen gastric cells in 

rats treated with different iron compounds. (B) Mean ± standard error of the 

number of undifferentiated gastric cells in rats treated with different iron 

compounds. (C) Mean ± standard error of gastric gland length in rats exposed 

to various iron compounds. CTL: Control group; SO₄: Iron sulfate; OXY: Iron 

oxide; NAN: Nano iron oxide. * Indicates a statistically significant difference 

(P < 0.05). 

 

Liver 

Necrotic hepatocytes were observed in both control and treated animals; however, 

all three treatment groups exhibited a significant reduction in necrosis compared with 

controls (P < 0.05). (Figure 2 A) The mean number of necrotic cells per 20 microscopic 

units was 1.04 (iron sulfate), 1.46 (nano iron oxide), 2.06 (iron oxide), and 7.11 (control). 

Despite improved cellular integrity, the iron sulfate group displayed a less organized 

hepatic architecture compared with controls. 

Histopathological evaluation of hepatic tissues revealed the presence of 

cytoplasmic vacuolation and hepatocellular hypertrophy in the treated groups, as 

https://creativecommons.org/licenses/by/4.0/
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indicated by enlarged hepatocytes and reduced sinusoidal spaces. Although hepatocyte 

diameter increased relative to the control group, this difference was not statistically 

significant (P > 0.05). (Figure 2 B) 

 

 
Figure 2. (A) Mean ± standard error of the number of necrotic hepatocytes in rats treated 

with different iron compounds. (B) Mean ± standard error of hepatocyte diameter in rats 

exposed to various iron compounds. CTL: Control group; SO₄: Iron sulfate; OXY: Iron 

oxide; NAN: Nano iron oxide. *Indicates a statistically significant difference (P < 0.05). 

 

Spleen 

Histological examination revealed marked iron pigment accumulation in the 

Fe₂O₃-treated group, consistent with increased hemosiderin deposition. Quantitative 

analysis showed that the Fe₂O₃ group exhibited a significantly higher number of 

hemosiderin-laden cells (4.59 per 20 microscopic fields) compared with the control 

(0.81), nano iron oxide (0.97), and iron sulfate (1.70) groups (P < 0.05) (Figure. 3). 

 

 
                                           Figure 3. Mean ± standard error of the number of hemosiderin-containing 

splenic cells   in rats treated with different iron compounds. CTL: Control 

group; SO₄: Iron sulfate; OXY: Iron oxide; NAN: Nano iron oxide. 

*Indicates a statistically significant difference (P < 0.05).  

 

 

  
(A) (B) 
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DISCUSSION 

This study compared the histopathological effects of nano iron oxide, 

conventional Fe₂O₃, and FeSO₄ on the liver, stomach, and spleen of rats following 28-day 

oral exposure. Overall, the findings demonstrate that each iron form produced distinct 

tissue-specific responses, with nano iron oxide exhibiting the most favorable safety 

profile. 

In the stomach, FeSO₄ produced the greatest degree of histological alteration, 

including elongated gastric glands and increased numbers of zymogen and 

undifferentiated cells. These findings suggest enhanced cellular proliferation and 

differentiation within the gastric mucosa, consistent with earlier descriptions of gastric 

cell kinetics (Willems et al., 1972). In contrast, nano iron oxide caused minimal gastric 

changes, indicating better mucosal tolerance. No histopathological alterations were 

observed in the duodenum, which aligns with previous work showing limited 

gastrointestinal toxicity following low-dose FeSO₄ exposure (Benoni et al., 1993). In the 

liver, all three iron compounds induced hepatocellular hypertrophy and cytoplasmic 

vacuolation. Prussian blue staining confirmed ferric iron deposition in hepatocytes and 

Kupffer cells, predominantly within periportal regions. Surprisingly, despite the 

morphological changes, all treated groups exhibited a significant reduction in hepatocyte 

necrosis relative to controls. This unexpected trend may reflect an adaptive metabolic 

response in which moderate iron availability supports mitochondrial activity and 

stabilizes hepatocyte viability. Alternatively, the pattern may represent a shift from acute 

injury to compensatory hypertrophy. Similar findings of hepatic iron accumulation and 

vacuolar degeneration have been reported in previous studies involving both nano and 

bulk iron oxide (Babadi et al., 2012; Kulkarni et al., 2020). The pattern of iron distribution 

observed in this study initial periportal deposition extending toward centrilobular regions 

corresponds well with earlier descriptions of hepatic siderosis. Excess iron within 

hepatocytes has been shown to activate collagen gene expression, potentially initiating 

fibrogenic pathways (Gualdi et al., 1994; Özgüner and Sayın 2002). Although such 

progression was not observed in the current experiment, the presence of hemosiderin 

confirms ongoing iron handling within hepatic tissues. Similar to previous studies 

(Elshemy, 2018; Askri et al., 2019), repeated exposure resulted in accumulation of 

intracellular iron pigments, regardless of the compound administered. 

https://creativecommons.org/licenses/by/4.0/
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The spleen showed markedly different responses among the treatment groups. 

Conventional Fe₂O₃ caused a significant increase in hemosiderin-laden cells, consistent 

with an elevated risk of iron overload and potential hemosiderosis. Prussian blue staining 

strongly supported this finding. Nano iron oxide, however, induced minimal splenic iron 

deposition, suggesting more efficient iron handling or slower breakdown of nanoparticles 

by macrophages. 

Comparative toxicity findings in the literature remain heterogeneous. Some 

studies report significant biochemical and histopathological alterations following 

exposure to Fe₂O₃ nanoparticles, including oxidative stress, enzyme inhibition, and 

organ-specific damage (Kumari et al., 2012). Others highlight beneficial hematological 

effects when nano iron oxide is used at moderate doses, suggesting improved 

bioavailability compared with FeSO₄ (Elshemy, 2018). These discrepancies likely reflect 

differences in nanoparticle size, coating, dose, duration, and administration routes. 

Despite variable results across studies, the overall pattern remains clear: both iron 

deficiency and iron overload can disrupt normal tissue structure and function. While iron 

is essential for mitochondrial respiration, hematopoiesis, and enzyme activity, excessive 

accumulation promotes oxidative stress, fibrosis, and cellular injury. Therefore, iron 

compounds must be administered within physiological limits to prevent adverse effects. 

A limitation of the present study is the absence of biochemical assessments (e.g., ALT, 

AST, ALP, renal markers, and iron indices), which would have strengthened the 

interpretation of the histopathological findings. Future research should include such 

measurements to better characterize functional hepatic injury and to integrate biochemical 

and morphological outcomes for a more comprehensive assessment of iron-induced 

toxicity. 

 

CONCLUSION 

Nano iron oxide induced fewer histopathological alterations than conventional 

iron oxide or iron sulfate. Fe₂O₃ caused marked hemosiderin accumulation in the spleen, 

while FeSO₄ produced the strongest gastric cellular responses. Further studies 

incorporating biochemical parameters are recommended. 
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Abstract: The Karnaphuli River in Chattogram, Bangladesh, plays a crucial role in the national 

economy, supporting both maritime shipping and fish production. The present study examined 

the monthly variation and the degree of correlation in the physicochemical conditions of the 

Karnaphuli River. The physical condition of the water was more variable during the summer and 

monsoon months, as indicated by low to moderate transparency (12-40 cm), Total Dissolved 

Solids (TDS) (0.02-5.55 ppt), and water temperature (21-31.5 °C). Most of the chemical 

parameters, including Conductivity (107 - 2155 μS/cm), pH (7.4 - 8.2), Dissolved oxygen (DO) 

(1.63 - 7.30 mg/L), Calcium (Ca2+) (5.61 - 49.60 mg/L), Total Hardness (46 - 950 mg/L), 

Alkalinity (41 - 73 mg/L), Chloride (3 - 59.2 mg/L) were high in winter months and Salinity was 

nearly zero except in winter (1 - 3 ppt). Significant correlations were observed among several 

parameters, indicating the influence of interconnected environmental processes. These findings 

highlight the dynamic nature of the river's water quality, influenced by both natural cycles and 

human activities. Understanding these variations is essential for managing the river's ecosystem 

and sustaining its economic contributions, particularly in fisheries and port operations. 

Keywords: Karnaphuli river, physicochemical parameters, TDS, conductivity, transparency 

INTRODUCTION 

Bangladesh, often referred to as a "land of rivers", relies heavily on its river 

systems for transportation, irrigation, and freshwater supply, with the Karnaphuli River 

in Chattogram playing a crucial role. This river, which originates in the Lusai Hills of 

Mizoram (India) and flows through Rangamati and Chattogram districts, is approximately 

270 km long (The Editors of Encyclopaedia Britannica, 2024). It serves as an essential 

waterway for Bangladesh's largest seaport and supports vital fisheries. Tributaries such 

as Rainkhiang, Myani, Ichamati, Chengi, and Halda enrich the river’s ecological 

diversity, with Halda being a significant carp spawning ground (Azadi and Alam, 2020). 

Despite its importance, the river is severely impacted by pollution from industrial, 
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municipal, and household waste, particularly from Chattogram city, leading to degraded 

water quality and posing health risks to both humans and aquatic life. 

To maintain water quality, it is essential to monitor physicochemical parameters 

such as pH, total dissolved solids, temperature, dissolved oxygen, total alkalinity, total 

hardness, conductivity, calcium, chloride, and salinity (Verma et al., 2025). The 

temperature of the water depends upon the climate, sunlight, and depth. pH indicates the 

alkaline and acidic conditions of a solution. Conductivity is directly related to water 

turbidity and indicates the nutritional condition of productive water (Xianhong et al., 

2021). 

Oxygen is the most critical factor in life. Life cannot survive without oxygen. 

Dissolved oxygen is essential to all aquatic life. Dissolved Oxygen (DO) levels above 5-

6 ppm are suitable for aquatic organisms. The Biochemical Oxygen Demand is the 

oxygen demand of bacteria and other organisms during the biochemical degradation and 

transformation of organic matter. A Biochemical Oxygen Demand (BOD) level below 1 

ppm is suitable for aquatic life. Calcium is essential to the biological productivity of 

water. In water bodies, the primary sources of carbon dioxide are the atmosphere, 

rainwater, and the respiration of plants and animals. Bacterial decomposition of organic 

matter is an important source of carbon dioxide in water bodies. The addition of lime 

depends on total alkalinity, which is another important water-quality parameter. Hardness 

indicates how hard or soft the water in the water body is. Hardness levels of 75 to 150 

ppm are optimal for aquatic life, especially fish (Akhter et al., 2021; Singh et al., 2025). 

Despite the high economic value of the river, limnological (physicochemical) 

works on the Karnaphuli River are very few; some remarkable works on the tributaries 

of the Karnaphuli River are on the limnology and ecology of planktonic organisms (Patra 

and Azadi, 1985; Patra and Azadi, 1987 ), water quality parameters (Hosen et al., 2019; 

Sarwar et al., 2010). Some limnological studies on different water bodies have been 

conducted in Bangladesh (Fatema et al., 2018; Islam et al., 2020; Sharif et al., 2017). 

However, there is a lack of comprehensive studies on seasonal variations in these 

parameters in the Karnaphuli River, particularly for the 2010-2011 period. 

The present study aims to assess the seasonal variations in these physicochemical 

parameters and evaluate their collective impact on the river's overall water quality and 

ecological health. This investigation will provide a detailed analysis of how these factors 

https://creativecommons.org/licenses/by/4.0/
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fluctuate throughout the year, contributing to a deeper understanding of the river's 

ecosystem. This research is essential as it will serve as a baseline for future monitoring 

and management efforts, helping policymakers and environmental agencies improve the 

water quality and ecological health of the river, ensuring its sustainability for future 

generations. 

 

MATERIAL AND METHOD 

Karnaphuli River, with a latitude of 22.209167 (22° 12' 33" N) and a longitude of 

91.816111 (91° 48' 58" E), is a hydrographic stream located in the Chattogram Hill tracts 

and Chattogram District, the southeastern part of Bangladesh. The two selected stations 

are the most important points of the Karnaphuli River, which are described below: 

Station 1 (Kalurghat) 

This station (latitude 22° 23΄ and longitude 91° 53΄) is 100 yards north of Kalurghat 

bridge on the Chattogram–Cox’s Bazar highway and about one kilometer south of Halda 

mouth opened at Karnaphuli River under Chandgao Thana at Mohara point. Here, a strong 

current of heavy water and high boat traffic was observed. The intertidal zone of both the 

East and West banks was muddy. On the west bank, large areas were occupied for sand 

landing. Here, a lot of fishing boats and fishing nets were found to be engaged in Clupeid 

fishing (mainly Phasa-Setipinna phasa, Kaski-Corica soborna, and Ilish-Tenualosa 

ilisha). The river depth was 15.5 m, and the width was 468 m. No rooted vegetation was 

present; occasionally, floating water hyacinth was found. 

Station 2 (Firingi Bazar Ferryghat) 

This Station (latitude 22° 19΄ and longitude 91° 50΄) is located south of Fringi Bazar 

Ferryghat under Kotowali Thana and about ¾ km west of Karnaphuli New Bridge on the 

Chattogram – Cox’s Bazar highway. It is about 10 km away from Station 1 (Kalurghat) 

and about 11 km away from the Potenga estuary, where the river meets the Bay of Bengal. 

Here, the river was 650 m wide and 25 m deep. This Station was highly polluted, with 

many canals (Khals) carrying household waste and factory effluents opening near this 

station. A big canal, namely Chaktai khal, carrying high loads of municipal wastes, 

opened about 200 yards east of this station. The wastes and effluents are released to the 

Bay of Bengal immediately during low tide. Large numbers of mechanized fishing boats 

and merchant ships were found trafficking and anchored here. At this station, a large 
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number of engine boats were engaged in carrying people from the north bank to the south 

bank and vice versa, and one Ferry was engaged in carrying loaded trucks from the north 

to the south bank and vice versa. Here, the water was highly muddy, and the current 

velocity was high. The intertidal zone of the north bank was covered with soft mud, while 

the south bank was hard and muddy. 

 

 
         Figure 1. Map showing the location of the two sampling stations (Station 1:     

Kalurghat and Station 2: Firingi Bazar) of Karnaphuli river (Map source: 

Banglapedia, 2024) 

 

Sampling and Sample Processing 

Samples were collected fortnightly from two stations (Figure 1) for twelve 

consecutive months from May 2010 to April 2011. Rainfall data for the study area were 

obtained from the Meteorological Department of the Government of Bangladesh, Dhaka. 

Air and water temperatures were recorded in each station by using a mercury thermometer 

calibrated from -400 °C to 500 °C (Taylor Rochester, NW, USA). Water transparency 

was measured using a Secchi disc (20 cm in diameter). The conductivity (in μS/cm) and 

water temperature were measured using a portable digital Conductivity meter (Aquapro 

Water Quality Digital Conductivity Tester, EC & Temperature, ATC Meter AP-2, China). 

TDS of the water was measured (in ppt) by using a pocket TDS meter (Dist.-2, digital, 

HANNA Instruments, Mauritania). The acidic or alkaline nature of the water was 
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measured by a digital pH meter (the pHep, Aquapro digital water tester, Model AP-2, 

HANNA Instruments, Digital Incorporation USA). 

Chemical analysis (DO, Ca2+, Total alkalinity, Chloride) of water samples was done 

in the laboratory within 8 hours of collection. Methods for all analytical techniques were 

followed as recommended by APHA (2012) and the HACH Freshwater Aquaculture 

Manual (Test Kit Model FF-2). Mean monthly values of several factors were calculated 

for each sampling station from fortnightly observed values. Average monthly 

hydrological conditions of the Karnaphuli River were estimated by averaging the two 

stations. 

For statistical analysis, the data were processed using Microsoft Excel (version 

2013) to calculate mean monthly values for each parameter across both sampling stations. 

The relationships among the physicochemical parameters were explored using correlation 

analysis to identify significant associations. Pearson’s correlation coefficients (r) were 

computed to assess the strength and direction of linear relationships among the 

parameters. Statistical significance was determined at a p-value of <0.05, with stronger 

correlations marked as significant at the following levels: P < 0.1 (moderate correlation), 

P < 0.05 (strong correlation), and P < 0.001 (very strong correlation). 

 

RESULTS 

The maximum, minimum, and mean values of 11 factors measured at two stations 

in the Karnaphuli River from May 2010 to April 2011 are presented in Figures 2-14 and 

Table 1. Results of observed environmental conditions and physicochemical qualities of 

water in the river are presented in Figures 2-14. The maximum Rainfall at the Karnaphuli 

River area was 759 mm in June 2010, and the minimum was 0.5 mm in January 2011, 

while in February 2011, there was no Rainfall (Figure 2). 

 

 
Figure 2. Monthly variation of total rainfall (mm) in Karnaphuli River area during May 

2010 to April 2011. 
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During the whole investigation period the upper limit of air Temperature was 

recorded as 36 °C in September 2010, and lower limit was recorded as 19 °C in January 

2011 in the Station 2 (Firingi Bazar) (Table 1 and Figure 3).  

 

 
Figure 3. Monthly mean value (with ±SD) of air temperature (°C) in Karnaphuli River 

during May 2010 to April 2011. 

 

The upper limit of water temperature was recorded as 31.5 °C in September 2010 

while the lower limit was recorded as 21 °C in January 2011 in the same Station 2 (Firingi 

Bazar) (Table 1). In the present study the mean highest water Temperature in the 

Karnaphuli River was found in the month of August 2010 and lowest in the month of 

January 2011 (Figure 4).  

 

 
Figure 4. Monthly mean value (with ±SD) of water temperature (C) in Karnaphuli River 

during May 2010 to April 2011. 

 

The upper limit of water transparency was recorded as 40 cm in February 2011 

while the lower limit was recorded as 12 cm in May 2010 in the same Station 2 (Firingi 

Bazar) (Table 1). The mean highest water transparency was found in February 2011, 

while the mean lowest water transparency was found in May 2010 (Figure 5).  

 

 
Figure 5. Monthly mean value (with ±SD) of water transparency (cm) in Karnaphuli River 

during May 2010 to April 2011. 
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Among all stations in Karnaphuli River, the maximum Conductivity was found to 

be 2155.00 μS/cm in Station 2 (Firingi Bazar) in the month of April 2011, while the 

minimum was 107.00 μS/cm in Station 1 (Kalurghat) in the month of October 2010 (Table 

1). The mean highest Conductivity was recorded in the month of April 2011 while lowest 

was recorded in the month of October 2010 (Figure 6). 

 

 
Figure 6. Monthly mean value (with ±SD) of water conductivity (µS/cm) in Karnaphuli 

River during May 2010 to April 2011. 

 

The maximum TDS was recorded as 5.55 ppt in Station 2 (Firingi Bazar) in the 

month of February 2011, while the minimum was recorded as 0.02 ppt both in Station 1 

(Kalurghat) and Station 2 (Firingi Bazar) in the month of October 2010 (Table 1). The 

mean highest TDS was in the month of February 2011 while the lowest was in the month 

of October 2010 (Figure 7).  

 

 
Figure 7. Monthly mean value (with ±SD) of water TDS (ppt) in Karnaphuli River during 

May 2010 to April 2011. 

 

The maximum pH was recorded as 8.2 in the month of November 2010 both in 

Stations 1 (Kalurghat) and Station 2 (Firingi Bazar) while the minimum was recorded as 

7.4 in the month of January 2011 in Station 2 (Firingi Bazar) (Table 1). The mean highest 

pH value was recorded in the month of November 2010 and the mean lowest was recorded 

in the month of January 2011 (Figure 8).  
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Figure 8. Monthly mean value (with ±SD) of water pH in Karnaphuli River during May 

2010 to April 2011. 

 

The maximum DO value was recorded as 7.30 mg/L in Station 1 (Kalurghat) in the 

month of January 2011 while the minimum was recorded as 1.63 mg/L in Station 2 

(Firingi Bazar) in the month of October 2010 (Table 1). During the present study mean 

highest value of DO in Karnaphuli River was recorded in the month of January 2011 

while the lowest was recorded in the month of October 2010 (Figure 9).  

 

 
Figure 9. Monthly mean value (with ±SD) of DO (mg/L) in Karnaphuli River during May 

2010 to April 2011. 

 

The upper limit of Calcium value was recorded as 49.60 mg/L in Station 2 (Firingi 

Bazar) in the month of January 2011 while the lower limit was recorded as 5.61 mg/L 

both in Station 1 (Kalurghat) and Station 2 (Firingi Bazar) in the month of August 2010 

(Table 1). The mean maximum Calcium value was recorded in the month of January 2011 

while the minimum was recorded in the month of August 2010 (Figure 10).  

 

 
Figure 10. Monthly mean value (with ±SD) of Calcium (mg/L) in Karnaphuli River during 

May 2010 to April 2011. 
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The upper limit of total hardness was recorded as 950 mg/L in the month of 

February 2011 in Station 2 (Firingi Bazar) while the lower limit was recorded as 46 mg/L 

both in Station 1 (Kalurghat) in the month of July 2010 and in Station 2 (Firingi Bazar) 

in the month of October 2010 (Table 1). The mean maximum was recorded in the month 

of February 2011 while the minimum was recorded in the month of October 2010 (Figure 

11).  

 

 
Figure 11. Monthly mean value (with ±SD) of total hardness (mg/L) in Karnaphuli River 

during May 2010 to April 2011. 

 

The highest alkalinity of water was recorded as 73 mg/L in Station 1 (Kalurghat) in 

the month of July 2010 while the lowest was recorded as 41 mg/L both in Station 1 

(Kalurghat) and Station 2 (Firingi Bazar) in the month of October 2010 (Table 1). The 

maximum alkalinity was observed in the month of April 2011 while the minimum was in 

the month of October 2010 (Figure 12).  

 
Figure 12. Monthly mean value (with ±SD) of Alkalinity (mg/L) in Karnaphuli River 

during May 2010 to April 2011. 

 

The maximum and minimum Chloride value was recorded in the Station 1 

(Kalurghat). The maximum was 59.2 mg/L in the month of April 2011 while the 

minimum was 3.00 mg/L in the month of June 2010 (Table 1). The mean highest chloride 

(56.60±3.68 mg/L) was observed in the month of April 2011 while the lowest (3.10±0.14 

mg/L) was in the month of June 2010 (Figure 13).  
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Figure 13. Monthly mean value (with ±SD) of Chloride (mg/L) in Karnaphuli River during 

May 2010 to April 2011. 

 

In the Karnaphuli River at Station 1 near Kalurghat Bridge no salinity was observed 

but in Station 2 at Firingi Bazar Ferryghat the maximum Salinity (3 ppt) was observed in 

the month of January 2011, while the minimum (1 ppt) was found in the month of 

February 2011 (Figure 14).  

 

 
Figure 14. Monthly mean value (with ±SD) of Salinity (ppt) in Karnaphuli River during 

May 2010 to April 2011. 

 

Table 1. Physicochemical data from two stations of the Karnaphuli River for May 2010 to April 

2011. 
Factors Station 1 Station 2 

Max Min Mean Max Min Mean 

Air temp (0C) 32 20 27 36 19 28.08 

Water temp. (0C) 31 23 27.79 31.5 21 27.38 

Transparency (cm) 32 13 22.42 40 12 21.58 

TDS (ppt) 0.17 0.02 0.06 5.55 0.02 1.37 

pH 8.2 7.5 7.88 8.2 7.4 7.82 

Conductivity (µS/cm) 361 107 159.33 2155 121 959 

DO (mg/L) 7.3 2.95 4.92 7.18 1.63 4.78 

Calcium (mg/L) 24.05 5.61 11.49 49.6 5.61 19.50 

Alkalinity (Alk) (mg/L) 73 41 61 72 41 61.42 

Total Hardness (TH) (mg/L) 75 46 55.67 950 46 278.42 

Chloride (Cl-) (mg/L) 59.2 3 11.64 54 3.1 13.21 

Salinity (ppt) nil nil nil 3 1 0.5 

DO: Dissolve Oxygen; TDS: Total Dissolved Solids. 
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   Table 2. Correlation amongst the different factors of Karnaphuli River 

Factors 

Air  

Temp. 

(°C) 

Water  

Temp. 

(°C) 

Tran

spar

ency 

Condu 

-ctivity pH DO Ca2+ TDS TH Alk Cl- 

Air  

Temp.(°C) 

 

1.00 

 

0.93 

**** 

-0.17 

 

-0.73 

*** 

0.42 

 

-

0.53 

* 

-

0.78 

*** 

-

0.78 

*** 

-

0.78 

*** 

-

0.32 

 

-

0.08 

 

Water  

Temp.(°C)  

1.00 

 

-0.30 

 

-0.63 

** 

0.47 

 

-

0.57 

** 

-

0.71 

*** 

-

0.86 

**** 

-

0.71 

*** 

-

0.23 

 

0.15 

 

Transpare

ncy   1.00 0.15 0.46 

-

0.14 0.14 0.35 0.01 

-

0.22 

-

0.04 

Condu 

-ctivity    1.00 -0.44 0.36 

0.97 

**** 

0.82 

**** 

0.74 

*** 0.44 

0.58 

** 

pH 

     

1.00 

 

-

0.79 

*** 

-

0.45 

 

-

0.56 

** 

-

0.32 

 

-

0.39 

 

-

0.05 

 

DO 

      

1.00 

 

0.36 

 

0.58 

** 

0.30 

 

0.43 

 

-

0.03 

 

Ca2+ 

       

1.00 

 

0.82 

**** 

0.86 

**** 

0.39 

 

0.39 

 

TDS 

        

1.00 

 

0.60 

** 

0.26 

 

0.23 

 

TH         1.00 0.27 0.04 

Alk          1.00 0.34 

Cl-           1.00 

      Significant level:   **** = P<0.001, *** = P<0.01, ** = P<0.05, * = P<0.1. 

   TDS: Total Dissolved Solids; DO: Dissolved Oxygen; TH: Total Hardness; Alk: Alkalinity; Cl-:      

Chloride Ions; Ca2+: Calcium Ions. 

 

DISCUSSION 

Throughout the study, seasonal variations in meteorological parameters, such as air 

temperature and rainfall, followed predictable trends. A significant relationship was 

observed between air and water temperatures, a pattern consistent with previous findings 

in other river systems (Patra and Azadi, 1985). Water temperature in the Karnaphuli River 

showed a direct relationship with air temperature (r = 0.93, P<0.001) and an inverse 

relationship with several key physicochemical parameters, including conductivity, TDS, 

calcium, and total hardness (Table 2). This aligns with earlier studies (Sarwar et al., 2010), 

which found similar temperature trends affecting water quality parameters in other 

tropical rivers. 

In terms of water quality, the seasonal variation is consistent with the findings of 

Fatema et al. (2018) in the Buriganga River, where seasonal fluctuations influenced water 

clarity. In the Karnaphuli River, water transparency was highest in February 2011 (Figure 
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5), a period of lower rainfall and stable weather conditions. This elevated transparency 

allows for better light penetration, supporting photosynthesis and planktonic productivity, 

which are crucial for maintaining a healthy aquatic ecosystem. 

Conductivity, TDS, and calcium concentrations showed higher values during the 

warmer months, particularly in the summer and monsoon periods, correlating strongly 

with conductivity (r = 0.97, P<0.001) (Table 2). This indicates increased mineral content, 

possibly due to the dilution effect of rainfall and runoff in the rainy season, a finding 

supported by studies in other tropical and estuarine systems (Xianhong et al., 2021). 

Elevated conductivity levels also corresponded to higher levels of total hardness and 

chloride, suggesting that runoff from urban and industrial areas may contribute to the 

increased ionic concentration in the river. The positive correlation between conductivity 

and calcium (r = 0.97, P<0.001) suggests that mineral concentration in the river is linked 

to these seasonal variations. Furthermore, TDS showed significant correlations with other 

water quality parameters, including conductivity (r = 0.82, P<0.001) and DO (r = 0.58, 

P<0.05), indicating that changes in the river’s mineral load are closely tied to oxygen 

levels, which directly affect the aquatic organisms relying on the river for survival (Singh 

et al., 2025). 

Dissolved oxygen (DO) concentrations were lower during the warmer months, 

particularly in October 2010, and were inversely related to temperature and salinity (r = -

0.57, P<0.05). This is consistent with the principle that warmer water holds less oxygen, 

which is particularly detrimental to aquatic life. The lowest DO values recorded at Station 

2 (Firingi Bazar) in October 2010 may indicate the influence of pollutants, particularly 

organic matter from municipal and industrial discharges, findings further corroborated by 

Islam et al. (2020) and Sharif et al. (2017) in nearby river systems. 

The mean calcium concentrations in the river were highest in January 2011, coinciding 

with the peak of the dry season. Calcium and total hardness, which are indicators of 

water's biological productivity, showed a positive relationship with conductivity, TDS, 

and total hardness. These parameters are important in assessing the health of aquatic 

species, particularly in tropical systems where calcium availability influences 

calcification in aquatic organisms. The findings are consistent with previous studies by 

Kumar and Dua (2009) in the Ravi River and Patra and Azadi (1985) in the Halda River, 

reinforcing the importance of these parameters in maintaining ecosystem stability. 
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Alkalinity, which plays a critical role in buffering water and maintaining a stable 

pH environment, showed no significant correlation with most other parameters, 

suggesting that the river's buffering capacity may be stable despite varying pollution 

levels. This is consistent with findings by Waikole and Patil (2009) in the Dahanu region, 

where alkalinity remained relatively constant, even in the face of increased industrial 

discharges. 

Salinity, observed only at Station 2 (Firingi Bazar), was highest in January 2011 and 

lowest in February 2011. The seasonal fluctuations in salinity are likely due to tidal effects 

from the Bay of Bengal, which influence the estuarine waters of the Karnaphuli River. 

The observed salinity values in this section of the river are consistent with those of Sharif 

et al. (2017), who found similar salinity patterns in estuarine systems in Bangladesh. The 

correlation between salinity and chloride concentrations (r = 0.58, P<0.05) further 

supports the influence of tidal forces on the river’s water chemistry, particularly near the 

estuary. 

This study fills a crucial gap in the limnological research on the Karnaphuli River 

by providing a comprehensive analysis of seasonal variations in water quality for a one-

year period. The findings highlight the complex interplay between natural cycles and 

anthropogenic impacts on the river’s water quality. Given the growing industrial activity 

in Chattogram, it is essential for future research to continue monitoring these parameters, 

particularly focusing on the influence of pollution from both urban and industrial sources 

on the river's ecological health. 

Recent studies have increasingly emphasized the need for integrated water quality 

management in tropical and estuarine systems, where pollution control and habitat 

preservation are essential for sustaining biodiversity (Verma et al., 2025; Xianhong et al., 

2021). The results of this study, along with more recent work in similar systems, 

underscore the need for a comprehensive, long-term monitoring program to guide policy 

interventions to improve water quality in the Karnaphuli River. 

 

CONCLUSION 

The findings of this study provide key insights into the physicochemical 

properties of the Karnaphuli River, emphasizing its importance to fisheries, maritime 

operations, and the national economy. Seasonal variations were observed: low to 
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moderate transparency, higher TDS, and higher temperatures in summer and monsoon 

months, and higher conductivity, pH, dissolved oxygen, calcium, total hardness, 

alkalinity, and chloride in winter. Water quality at Kalurghat was better than at Firingi 

Bazar, where pollution from various discharges worsened conditions for aquatic life. 

Significant correlations between parameters suggest interconnections influenced by 

seasonal and anthropogenic factors. Overall, this study provides a useful baseline for 

policymakers, environmental authorities, and river management agencies to develop 

sustainable strategies for improving the water quality of the Karnaphuli River. 
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Abstract: Staphylococcus aureus is an important opportunistic pathogen associated with a wide 

range of infections in both humans and animals. In dogs, staphylococci are among the major 

etiological agents of pyoderma and other skin infections. The pathogenicity of these bacteria is 

closely related to their virulence factors and increasing antimicrobial resistance, which also pose 

a zoonotic risk. This study investigated the virulence gene profiles and antimicrobial resistance 

patterns of S. aureus isolates obtained from canine pyoderma cases. All isolates were confirmed 

as S. aureus by detection of the nuc gene. Molecular analyses revealed the presence of several 

virulence-associated genes, including exfoliative toxin genes (eta, etb), enterotoxin genes (sea, 

seb, sec), the Panton-Valentine 29 eucocidin gene (pvl), toxic shock syndrome toxin gene (tst), 

hemolysin genes (hla, hlb), and adhesion-associated genes (clfA, fnbA, fnbB). Among these, clfA 

and tst were detected at notably high frequencies, indicating strong adhesion ability and 

considerable superantigenic potential. Antimicrobial susceptibility testing demonstrated high 

resistance rates to beta-lactam antibiotics, particularly ampicillin and amoxicillin/clavulanic acid. 

Moderate resistance rates were observed against clindamycin, doxycycline, gentamicin, and 

trimethoprim/sulfamethoxazole, whereas resistance to fusidic acid remained relatively low. 

Notably, 83.3% of the isolates were classified as multidrug-resistant (MDR). These findings 

highlight the clinical and public health significance of canine-origin S. aureus isolates and 

emphasize the importance of antimicrobial surveillance and rational antibiotic use. 

 

Keywords: Dog, MDR, pyoderma, staphylococci  

INTRODUCTION 

Staphylococci are Gram-positive bacteria that exist as commensals on the skin and 

mucosal surfaces of humans and animals but may become opportunistic pathogens under 

suitable conditions (Bertelloni et al., 2021). These microorganisms are widely distributed 

in the environment and maintain a dynamic balance with the host through colonization, 

particularly on cutaneous and mucosal surfaces. Dogs constitute important reservoirs for 

both coagulase-positive staphylococci (CoPS) and coagulase-negative staphylococci 

(CoNS), and although colonization with these bacteria is generally asymptomatic, the 
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presence of predisposing factors may lead to the development of various infections 

(Türkyilmaz and Kaya, 2006). 

Staphylococcal infections in dogs most commonly manifest as skin and soft tissue 

infections, with pyoderma among the most frequently encountered bacterial 

dermatological diseases in small-animal practice (Putriningsih et al, 2023). Cases of 

pyoderma are generally associated with underlying factors such as allergic disorders, 

ectoparasitic infestations, and immune system dysfunctions. Clinically, these infections 

are characterized by erythema, pustules, crusting, alopecia, and pruritus, and they tend to 

become chronic and recurrent if left untreated. Indeed, staphylococcal species are isolated 

as the primary etiological agents in the majority of bacterial skin infections (Putriningsih 

et al., 2023). 

Although Staphylococcus pseudintermedius is the species most frequently 

implicated in the etiology of canine staphylococcal infections, Staphylococcus aureus, 

Staphylococcus schleiferi, and other species may also be involved (Huerta et al., 2011). 

In particular, species belonging to the Staphylococcus intermedius group (SIG) have been 

reported most frequently in canine pyoderma cases. Nevertheless, various studies have 

demonstrated considerable diversity among staphylococcal species isolated from dogs 

and have further revealed that coagulase-negative species may also contribute to 

infections (Huerta et al., 2011). 

The pathogenicity of staphylococci is closely associated with the wide range of 

virulence factors they possess. These bacteria are capable of evading host defense 

mechanisms and facilitating infection development by producing both cell-surface-

associated proteins and various exotoxins (Bitrus et al., 2016). Factors such as 

hemolysins, leukocidins, exfoliative toxins, toxic shock syndrome toxin-1 (TSST-1), 

lipases, and biofilm formation play critical roles in the invasion and persistence of 

staphylococci (Bitrus et al., 2016; Nalça and Gülhan, 2021). Moreover, properties such 

as biofilm and slime production contribute to bacterial resistance against environmental 

stresses and antimicrobial agents (Bertelloni et al., 2021). 

In recent years, the emergence of antimicrobial resistance among staphylococci 

has become a major concern in veterinary medicine. In particular, the emergence of 

methicillin-resistant Staphylococci (MRSA) strains has considerably limited available 
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treatment options. Methicillin resistance is mediated by the mecA gene, which encodes 

the low-affinity penicillin-binding protein PBP2a, thereby conferring resistance to β-

lactam antibiotics. Furthermore, the ability of staphylococcal strains to develop resistance 

to multiple antibiotic classes has led to the widespread occurrence of multidrug resistance 

(MDR), adversely affecting treatment outcomes (Morris and Cole, 2023). 

Among the most significant factors contributing to antimicrobial resistance in 

dogs are prolonged or inappropriate antibiotic use, recurrent infections, and 

environmental factors. The likelihood of isolating resistant strains is significantly 

increased in dogs with a history of previous antibiotic treatment or chronic pyoderma. 

Similarly, recent antibiotic administration and prolonged disease duration have been 

identified as important risk factors for methicillin-resistant S. pseudintermedius (MRSP) 

infections (Huerta et al., 2011). 

Another important aspect of staphylococcal infections is their zoonotic potential. 

Close contact between dogs and humans facilitates the bidirectional transmission of 

staphylococci, thereby posing a significant public health risk (Makwana et al., 2023). In 

particular, the transmission of methicillin-resistant strains between animals and humans 

should be considered within the framework of the “One Health” approach (Huerta et al., 

2011). 

In conclusion, staphylococcal infections in dogs pose a major challenge in 

veterinary medicine due to their high prevalence, broad clinical spectrum, diverse 

virulence factors, and increasingly widespread antimicrobial resistance. Therefore, 

accurate identification of the causative agents, characterization of their virulence 

properties, and determination of antimicrobial resistance patterns are critical for 

developing effective treatment strategies and controlling the dissemination of resistance. 

Accordingly, the present study was conducted to determine the multidrug resistance 

profiles of S. aureus isolates obtained from dogs with pyoderma and to molecularly 

characterize the virulence factors involved in their pathogenesis.   

MATERIAL AND METHOD 

Thirty S. aureus isolates obtained from pyoderma cases were revived on blood 

agar. Confirmation of the isolates as S. aureus was performed by polymerase chain 
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reaction (PCR) targeting the nuc gene. The S. aureus ATCC 25923 strain was used as a 

positive control in PCR assays. 

Detection of Virulence Genes in the Isolates 

 

The presence of virulence genes in the S. aureus isolates obtained in this study 

was investigated using polymerase chain reaction (PCR). For this purpose, genomic DNA 

of the isolates was extracted using the boiling method. The obtained DNA samples were 

subjected to PCR analysis with specific primers to detect genes encoding various 

staphylococcal virulence factors. In this context, exfoliative toxin genes (eta, etb), 

enterotoxin genes (sea, seb, sec), the Panton–Valentine 32eucocidin gene (pvl), toxic 

shock syndrome toxin gene (tst), hemolysin genes (hla, hlb), and genes encoding 

adhesion-associated surface proteins (clfA, fnbA, fnbB) were investigated. The 

oligonucleotide sequences of the primers used are presented in Table 1. 

The PCR reaction mixtures were prepared to contain sterile distilled water, template 

DNA, specific primers, and master mix. For this purpose, three different multiplex PCR 

(Mpcr) assays were performed. 

For Mpcr1, the reaction mixture consisted of 12.5 µL master mix, 2 µL template 

DNA, 0.4 µL each of the sea primers, 0.2 µL each of the pvl and etb primers, and 0.1 µL 

each of the clfA primers. The final reaction volume was adjusted to 25 µL with sterile 

distilled water. Amplification was performed with an initial denaturation step at 94°C for 

5 min, followed by 30 cycles of denaturation at 94°C for 30 s, primer annealing at 55°C 

for 45 s, and extension at 72°C under gene-specific extension conditions, with a final 

extension at 72°C for 10 min. 

For Mpcr2, the reaction mixture contained 25 µL master mix, 1 µL each of the sec 

and tst primers, 0.2 µL each of the seb primers, 0.4 µL of the eta primers, and 2 µL 

template DNA, with a final volume of 50 µL adjusted with sterile distilled water. 

Amplification conditions consisted of an initial denaturation at 94°C for 5 min, followed 

by 30 cycles of denaturation at 94°C for 30 s, annealing at 56°C for 45 s, and extension 

at 72°C under gene-specific extension conditions, with a final extension step at 72°C for 

10 min. 

For Mpcr3, the reaction mixture included 12.5 µL master mix, 0.4 µL each of the 

fnbA, fnbB, hla, and hlb primers, and 2 µL template DNA, and the total reaction volume 
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was adjusted to 25 µL with sterile distilled water. Amplification was carried out with an 

initial denaturation step at 94°C for 5 min, followed by 30 cycles of denaturation at 94°C 

for 30 s, annealing at 56°C for 45 s, and extension at 72°C under gene-specific extension 

conditions, followed by a final extension step at 72°C for 10 min. 

PCR products were separated by electrophoresis on 1.5% agarose gels, visualized 

under a UV transilluminator, and evaluated for the presence or absence of amplification 

bands (Nalça and Gülhan, 2021).  

   Table 1. Oligonucleotide sequences of virulence factors (Nalça and Gülhan, 2021) 

Genes Oligonucleotide Sequences Amplicon Size 

(bp) 

pvl F:ATCATTAGGTAAAATGTCTGGACATGATCCA 

R: GCATCAAGTGTATTGGATAGCAAAAGC 

433 

fnbA 
F: GTGAAGTTTTAGAAGGTGGAAAGATTAG 

R: GCTCTTGTAAGACCATTTTTCTTCAC 

643 

fnbB 
F: GTAACAGCTAATGGTCGAATTGATACT 

R: CAAGTTCGATAGGAGTACTATGTTC 

524 

hla 
F: CTGATTACTATCCAAGAAATTCGATTG 

R: CTTTCCAGCCTACTTTTTTATCAGT 

209 

hlb 
F: GTGCACTTACTGACAATAGTGC 

R: GTTGATGAGTAGCTACCTTCAGT 

309 

sea 
F: GAAAAAAGTCTGAATTGCAGGGAACA 

R: CAAATAAATCGTAATTAACCGAAGGTTC 

560 

seb 
F: ATTCTATTAAGGACACTAAGTTAGGGA 

R: ATCCCGTTTCATAAGGCGAGT 

404 

sec 
F: GTAAAGTTACAGGTGGCAAAACTTG 

R: CATATCATACCAAAAAGTATTGCCGT 

297 

eta 
F: CGCTGCGGACATTCCTACATGG 

R: TACATGCCCGCCACTTGCTTGT 

676 

etb 
F: CAGATAAAGAGCTTTATACACACATTAC 

R:AGTGAACTTATCTTTCTATTGAAAAACACTC 

612 

tst 
F: TTCACTATTTGTAAAAGTGTCAGACCCACT 

R: TACTAATGAATTTTTTTATCGTAAGCCCTT 

180 

clfA 
F: ATTGGCGTGGCTTCAGTGCT 

R: CGTTTCTTCCGTAGTTGCATTTG 

292 

 

Determination of Multidrug Antibiotic Resistance Profiles of the Isolates 

Antimicrobial susceptibility of isolates was determined using the standard disk 

diffusion method. For this purpose, bacterial suspensions prepared from pure cultures 

were adjusted to the 0.5 McFarland turbidity standard and uniformly inoculated onto 

Mueller–Hinton agar plates. Subsequently, antibiotic disks were placed on the agar 
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surface, and the plates were incubated at 35-37°C for 18-24 h. Following incubation, 

inhibition zone diameters were measured and interpreted as susceptible, intermediate, or 

resistant according to established standards (CLSI, 2023). 

A panel of antibiotics representing different mechanisms of action was used to 

evaluate antimicrobial susceptibility. The tested antibiotics included ampicillin and 

amoxicillin/clavulanic acid from the β-lactam group; doxycycline from the tetracycline 

group; clindamycin from the macrolide/lincosamide group; gentamicin from the 

aminoglycoside group; enrofloxacin from the fluoroquinolone group; 

trimethoprim/sulfamethoxazole as a folate synthesis inhibitor; and fusidic acid, which is 

particularly important for topical therapy. 

The selected antibiotic panel was designed to include agents commonly used for 

the treatment of staphylococcal skin infections in dogs, while also enabling 

characterization of resistance patterns across different antimicrobial classes. Monitoring 

resistance to β-lactam antibiotics and other frequently used agents is important for 

assessing the presence of multidrug resistance (MDR). For this purpose, isolates 

exhibiting resistance to three or more antimicrobial classes were classified as MDR 

(Magiorakos et al., 2012). 

RESULTS 

All isolates (30/30) were confirmed as S. aureus by detection of the nuc gene. 

Among the genes responsible for exfoliative toxin production, the eta gene was detected 

in 5 isolates (16.6%), whereas the etb gene was detected in 4 isolates (13.3%). The 

enterotoxin-associated genes sea, seb, and sec were detected in 4 (13.3%), 5 (16.6%), and 

5 (16.6%) isolates, respectively, while the pvl gene was identified in 5 isolates (16.6%). 

The hemolysin genes, hla and hlb were detected in fifteen (50%) and seven (23.3%) 

isolates, respectively. The tst gene, associated with toxic shock syndrome toxin 

production, was identified in fifteen isolates (50%). Among the genes encoding adhesion-

associated surface proteins, clfA, fnbA, and fnbB were detected at 17 (56.6%), 7 (23.3%), 

and 7 (23.3%) isolates, respectively. The distribution of virulence genes possessed by the 

isolates is given in Table 2. 
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      Table 2. Distribution of virulence genes in isolates 

No Eta etb sea seb sec pvl clfA tst hla hlb fnbA fnbB 

1 - - + - - - - + + + - + 

2 + - + - - + - + + + - + 

3 - - - - - - - + - - - - 

4 - - - - - - - + - - - - 

5 + - - - - + + - - - - - 

6 - - - - - - + - - - - - 

7 - + - - - - + + - - + - 

8 - - - - - - + + + - - - 

9 - - + - + - + - + - - + 

10 - - - - - - + - + - - + 

11 - - - - + - + + + - - - 

12 + - - - - - + - + - + - 

13 - - + - - - + - + - + - 

14 - - - - - + + + + + - + 

15 - - - - - - - - - - - - 

16 - - - - - - + + - - - - 

17 - - - + + - + + - - - - 

18 - - - + - - + + + - - - 

19 - - - - - + - + - - - - 

20 - + - - - - - - + + - + 

21 - - - - - - + - - - - - 

22 + - - + + - - - + + + - 

23 - + - - - - - - - - - - 

24 - - - - - + - - - - + - 

25 - + - + - - + + - - - - 

26 - - - - - - - - - - - - 

27 - - - - - - + + + + + + 

28 - - - - - - - - + + - - 

29 + - - + + - + - - - + - 

30 - - - - - - - + + - - - 

Eight different antibiotics were used to determine the antimicrobial resistance 

profiles of the isolates. According to the disk diffusion test results, twenty-five isolates 

(83.3%) were resistant to ampicillin, twenty-two (73.3%) to amoxicillin/clavulanic acid, 

fourteen (46.6%) to doxycycline and gentamicin, seventeen (56.6%) to clindamycin, nine 

(30%) to enrofloxacin, eighteen (60%) to trimethoprim/sulfamethoxazole, and four 

(13.3%) to fusidic acid. Evaluation of results for multidrug resistance revealed that 25 

isolates (83.3%) were resistant to three or more antimicrobial classes. The results of 

antibiotic susceptibility tests determined by the Kirby-Bauer disk diffusion method are 

presented in Table 3. 
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               Table 3.  Antibiotic susceptibility test and multidrug resistance results of isolates 

No AMP AMC DOX CL CN ENR STX FUS MDR 

1 R R S S R S R S 3 

2 R R S R R S R S 4 

3 R R S S S S R S 2 

4 R R S S S R R S 3 

5 R S S S R R R S 4 

6 R R S R R R R S 5 

7 R S S R R R R S 5 

8 R R S R R R S S 4 

9 R R R R R S R S 5 

10 R R R R S S S S 3 

11 R R R S S S S S 2 

12 R R R R S S R S 4 

13 R S S R S S S R 3 

14 R S S S S S S S 1 

15 S S S S S R S S 1 

16 S R S S R S R S 3 

17 S R R R R S R S 5 

18 R R R R S S S R 4 

19 R S S R R S S R 4 

20 R S R R S S S R 4 

21 R R S R R S S S 3 

22 S S R R R S R S 4 

23 R R R R R R R S 6 

24 R R R S R S S S 3 

25 R R R S S S R S 3 

26 R R S S S S R S 2 

27 R R R R S S S S 3 

28 R R S S S R R S 3 

29 R R R R R S R S 5 

30 S R R S R R R S 5 
                 AMP: Ampicillin, AMC: Amoxicillin/clavulanic acid, DOX: Doxycycline, CL: Clindamycin, 

                 CN: Gentamicin, ENR: Enrofloxacin, STX: Trimethoprim/sulfamethoxazole, FUS: Fusidic 

                 acid, MDR: Multidrug resistance 

 

DISCUSSION 

Pyoderma infections are common in dogs and are among the primary reasons 

veterinarians prescribe antimicrobials (Escher et al., 2011). Staphylococci are among the 

most frequently encountered pathogens and constitute the predominant bacterial agents 

associated with these infections (Loeffler and Lloyd, 2018). In a study conducted in 

Canada, staphylococci accounted for 76.8% of the isolates, followed by streptococci 

(8.7%), P. aeruginosa (4.4%), and E. coli (4.2%) (Awosile et al, 2018). Recent studies 

using 16S ribosomal RNA gene sequencing have also confirmed that staphylococci are 
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the predominant bacteria detected in swab samples from the skin lesions of atopic dogs 

(Older et al., 2020).  

Due to the dissemination of antimicrobial-resistant bacteria among humans, 

animals, and the environment, antimicrobial resistance has become a major One Health 

concern (Chuprom et al., 2023; Somayaji et al, 2016). The increasing popularity of 

companion animals has led to a greater likelihood of close contact between animals and 

humans (Loeffler and Lloyd, 2018), which may facilitate the interspecies transmission of 

antimicrobial-resistant (AMR) bacteria through close interactions between pets and their 

owners ( Hoffmann et al, 2016; Jin et al., 2023; Abdolghanizadeh et al., 2024).  

In the present study, confirmation of all isolates as S. aureus by detection of the 

nuc gene demonstrated accurate species-level identification and enhanced the reliability 

of the obtained virulence and antimicrobial resistance data. Since S. aureus is an 

opportunistic pathogen capable of causing both colonization and infection in humans and 

animals, such molecular confirmation is of considerable importance (Bitrus et al., 2016).  

In the present study, the eta gene responsible for exfoliative toxin production was 

detected in five isolates, whereas the etb gene was identified in four isolates. The presence 

of exfoliative toxin genes in S. aureus isolates obtained from dogs has been investigated 

in a limited number of studies, and these genes have generally been reported either at low 

prevalence rates or not detected at all (Youn et al, 2011). In staphylococcal infections in 

dogs, exfoliative toxin production has been reported to be more commonly associated 

with S. pseudintermedius, whereas the presence of eta and etb genes in S. aureus isolates 

is considered relatively rare (Sareyyüpoğlu et al., 2013). Nevertheless, several studies 

have demonstrated that S. aureus strains isolated from dogs can produce exfoliative toxins 

(Mustak and Esendal, 2010). The detection of eta and etb genes at high frequencies in the 

present study suggests that canine-derived S. aureus isolates may possess greater 

virulence potential than previously reported. 

In the current study, the enterotoxin-associated genes sea, seb, and sec were 

detected in 4, 5, and 5 isolates, respectively. These findings reveal remarkable differences 

compared with previous reports on the prevalence of enterotoxin genes in canine-derived 

S. aureus isolates. In the literature, the prevalence of enterotoxin genes in S. aureus 

isolates obtained from dogs has generally been reported to be low. In particular, the study 

https://creativecommons.org/licenses/by/4.0/


 
   

                                                 2026 The Author (s). This work is licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0).           

  

                                                                 38 

 

conducted by Tanabe et al. (2013) reported that enterotoxin genes were detected at limited 

frequencies ranging from 7-10% in strains isolated from dogs, with sea and sec being 

identified, whereas the seb gene was not detected. Similarly, studies conducted in 

different geographical regions have indicated that the prevalence of enterotoxigenic 

strains among canine isolates is generally around 10–20%, and that sea represents the 

most commonly detected enterotoxin gene  (Abdel-Moein and Samir, 2011; Huang and 

Chou, 2019). 

Huang and Chou (2019) reported that the sea gene was predominant among 

canine-derived S. aureus isolates and was frequently detected in combination with other 

enterotoxin genes. Furthermore, several studies have indicated that sec is the second most 

frequently detected enterotoxin gene, whereas seb is generally reported at low prevalence 

rates or not detected at all. Compared with these findings, the detection of seb and sec 

genes in numbers comparable to or higher than sea in the present study partially differs 

from the classical distribution pattern reported in the literature. In particular, the detection 

of the seb gene in five isolates is noteworthy, considering that this gene is generally 

reported at low prevalence among canine-derived isolates. This finding may indicate that 

the isolates included in the present study possess a greater enterotoxigenic potential. 

The concurrent presence of enterotoxin-associated genes at relatively high 

frequencies is closely related to the superantigenic properties of S. aureus. Staphylococcal 

enterotoxins are well known to act as superantigens by inducing non-specific T-cell 

activation and excessive cytokine release within the host immune system, thereby 

increasing the severity of infection  (Dinges et al, 2000; Fraser and Proft, 2008).  

Furthermore, a substantial proportion of these toxin genes are reported to be 

carried on mobile genetic elements, including plasmids, bacteriophages, and 

pathogenicity islands, thereby facilitating their dissemination among strains through 

horizontal gene transfer (Argudín et al., 2010; Lindsay and Holden, 2004). This may 

explain the variable and occasionally high prevalence of enterotoxin genes observed in 

different geographical regions or specific host populations. The concurrent detection of 

sea, seb, and sec genes at relatively high frequencies in the present study indicates that 

canine-derived S. aureus isolates are not merely opportunistic pathogens but also possess 

considerable toxigenic potential. Given the extensive repertoire of virulence factors and 
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S. aureus's zoonotic transmission capacity, this finding is important for both the 

management of veterinary clinical infections and public health (Argudín et al., 2010).  

In the present study, the detection of the pvl gene responsible for Panton–Valentine 

leukocidin (PVL) production in five isolates is an important finding regarding the 

virulence potential of canine-derived S. aureus isolates. PVL is a bicomponent leukotoxin 

that exerts cytotoxic effects, particularly on neutrophils, leading to cell lysis and tissue 

necrosis. The presence of this toxin has been strongly associated with severe clinical 

manifestations, including skin and soft tissue infections and necrotizing pneumonia 

(Shallcross et al., 2013). The prevalence of the pvl gene among canine-derived S. aureus 

isolates has been reported to vary widely in the literature. The study conducted by 

Drougka et al. (2016) demonstrated that pvl-positive clones identified in humans and 

animals were highly similar, clearly indicating zoonotic transmission. In a study by Musa 

(2024), the prevalence of the pvl gene among canine-derived isolates was reported to be 

38%. In contrast, the prevalence detected in the present study was 16.6%. Furthermore, a 

study conducted in Iran reported that none of the 200 S. aureus isolates examined carried 

the pvl gene (Korani et al., 2026). The variability in the prevalence of the pvl gene may 

be attributed to geographical differences or variations in the degree of human contact 

among the sampled animals. 

The detection of the hla gene in 15 isolates and the hlb gene in 7 isolates among 

canine-derived S. aureus strains indicates that the isolates possess substantial cytotoxic 

potential. Hemolysins are among the major virulence factors of S. aureus and contribute 

to cell lysis and dissemination of infection by damaging host cell membranes. α-

Hemolysin (hla) forms pores in host cell membranes and exerts potent cytotoxic effects 

on erythrocytes, epithelial cells, and particularly immune cells. This toxin plays a critical 

role in the pathogenesis of skin and soft tissue infections and is considered a major 

determinant of disease severity by enhancing the inflammatory response (Berube and 

Bubeck Wardenburg, 2013; Dinges et al., 2000). β-Hemolysin (hlb) causes hemolysis 

through its sphingomyelinase activity by hydrolyzing sphingomyelin in host cell 

membranes (Dinges et al., 2000; Huseby et al., 2007). In addition, it may contribute to 

biofilm formation and thereby promote the persistence of chronic infections (Huseby et 

al., 2010; Otto, 2008). Studies investigating the presence of hemolysins in canine-derived 

staphylococcal isolates have demonstrated that these virulence factors are widespread. 
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For instance, Bertelloni et al. (2021) reported that hemolysin production was highly 

prevalent among staphylococci isolated from dogs and was closely associated with 

virulence. Similarly, Bitrus et al. (2016) reported the presence of hemolysin genes in 

animal-derived S. aureus isolates. Furthermore, the study conducted by Türkyilmaz & 

Kaya (2006) demonstrated that hemolytic activity was frequently observed in clinical 

staphylococcal isolates and was associated with pathogenicity. Compared with these 

literature findings, the high prevalence of the hla gene detected in the present study further 

supports the central role of this gene in the pathogenesis of S. aureus. Indeed, numerous 

studies have reported that the hla gene is more prevalent than other hemolysin genes. In 

contrast, the lower prevalence of the hlb gene observed in the current study is a commonly 

reported finding in the literature and is generally explained by its inactivation following 

bacteriophage integration (Lindsay and Holden, 2004). The concurrent presence of 

hemolysin genes enhances the bacterium's ability to induce multifaceted damage in the 

host. In particular, hla-positive strains have been reported to be more invasive and 

associated with more severe clinical manifestations in acute infections (Berube and 

Bubeck Wardenburg, 2013). In addition, the association of the hlb gene with biofilm 

formation may increase the potential of these strains to cause chronic infections. The 

presence of these genes in canine-derived S. aureus isolates is important not only from a 

veterinary clinical perspective but also for zoonotic risk. Several studies have 

demonstrated that staphylococci have the potential to be transmitted from animals to 

humans and may cause similar clinical manifestations in both hosts (Suepaul et al, 2023). 

Close contact between companion animals and humans is considered a major factor 

facilitating the interspecies transmission of these bacteria. Therefore, strains carrying 

virulence factors such as hemolysins may be transmitted to humans and exhibit similar 

pathogenic properties. Hemolysins are well recognized as major virulence factors that 

disrupt host cell membranes, leading to cell lysis and playing a crucial role in the 

development of infection (Moraveji et al., 2014). This may predispose particularly 

immunocompromised individuals to more severe infections. In the present study, the 

detection of the hla and hlb genes demonstrated that canine-derived S. aureus isolates 

harbor important virulence determinants, while the predominance of the hla gene 

highlights its critical role in the pathogenesis of acute infections. Indeed, α-hemolysin is 

widely recognized as one of the major cytotoxic factors of S. aureus, inducing cell death 

by forming pores in host cell membranes (Vandenesch et al., 2012). These findings are 
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consistent with the literature on the central role of hemolysins in S. aureus pathogenicity 

and further emphasize the clinical and epidemiological significance of canine-derived 

isolates. 

In the present study, detection of the tst gene in 15 (50%) S. aureus isolates 

indicates that these strains possess a considerable potential for superantigenic activity and 

systemic pathogenic effects. Toxic shock syndrome toxin-1 (TSST-1) is one of the major 

superantigens produced by S. aureus and may induce severe systemic reactions through 

non-specific T-cell activation and excessive cytokine release within the host immune 

system (Dinges et al., 2000; Fraser and Proft, 2008). The prevalence of the tst gene in 

canine-origin S. aureus isolates has generally been reported to be low or variable in the 

literature. In a study by Bitrus et al. (2016), the tst gene was detected at low frequency or 

was completely absent in animal-origin isolates. Similarly, several other studies have 

emphasized that this gene is relatively rare among animal isolates. In contrast, the study 

by Musa (2024) demonstrated that approximately 23% of S. aureus strains isolated from 

companion animals carried the tst gene, suggesting that its prevalence may vary 

considerably across populations. In light of these findings, the detection of the tst gene in 

15 isolates in the present study represents a notably higher prevalence than reported in 

many studies in the literature. This finding suggests that the investigated isolates may 

possess a greater superantigenic potential. Due to the superantigenic nature of TSST-1, 

strains harboring this toxin are known to excessively stimulate the host immune system 

during infection, thereby enhancing the inflammatory response and potentially increasing 

disease severity. The tst gene is generally carried on staphylococcal pathogenicity islands 

(SaPIs), which facilitates its dissemination among strains through horizontal gene transfer 

(Lindsay and Holden, 2004). This mechanism may explain the increased frequency of tst-

positive strains observed in certain geographical regions or specific host populations. 

Furthermore, antibiotic pressure and environmental factors are also thought to contribute 

to the spread of this gene. The presence of the tst gene in canine-origin isolates is 

important not only from a veterinary perspective but also for zoonotic risk. Considering 

the close contact between companion animals and humans, tst-positive S. aureus strains 

may be transmitted to humans and potentially lead to severe clinical manifestations such 

as toxic shock syndrome. Although TSST-1-associated infections originating from 

animals have been reported only rarely, the potential reservoir role of these strains should 
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not be overlooked. The high prevalence of the tst gene among the S. aureus isolates in the 

present study indicates that these strains may not merely act as local infectious agents but 

also represent potential systemic pathogens with substantial superantigenic activity. 

These findings underscore the importance of evaluating virulence factors collectively and 

highlight the need for particular attention regarding the risk of zoonotic transmission. 

In the present study, the detection of the adhesion-associated genes clfA, fnbA, and 

fnbB in 17, 7, and 7 isolates, respectively, indicates a high capacity for host tissue 

attachment and initiation of infection. Adhesion constitutes the initial and critical step in 

S. aureus infections, and microbial surface components recognizing adhesive matrix 

molecules (MSCRAMMs) located on the bacterial surface play a pivotal role in this 

process (Foster and Höök, 1998; Patti et al., 1994). 

Clumping factor A (clfA) mediates bacterial attachment to damaged tissues and 

particularly to sites of inflammation through binding to fibrinogen. In addition, this 

protein contributes to immune evasion by reducing bacterial opsonization (Foster et al., 

2014). The high prevalence of the clfA gene observed in the present study further supports 

its central role in the colonization and initiation of infection by S. aureus. 

The fnbA and fnbB genes, which encode fibronectin-binding proteins, facilitate 

bacterial adhesion to host cells via fibronectin and promote cellular invasion. These 

proteins have been shown to play a particularly important role in epithelial cell entry and 

contribute to intracellular persistence of the bacterium (Sinha et al., 1999). The moderate 

prevalence of these genes in the current study suggests that the isolates may possess not 

only surface colonization ability but also invasive potential. 

Studies investigating adhesion genes in canine-origin staphylococcal isolates have 

demonstrated that these genes are widespread. For example, Nemati et al. (2008) reported 

the frequent coexistence of clfA, fnbA, and fnbB genes in animal-origin isolates. Similarly, 

Peacock et al. (2002) emphasized the high prevalence of these genes in animal isolates 

and their important role in infection pathogenesis. In a more recent study, adhesion and 

biofilm-associated genes were reported to be critical in the development of infections 

caused by staphylococci isolated from dogs (Bertelloni et al., 2021). Compared with these 

literature findings, the predominance of the clfA gene and the relatively lower prevalence 

of fnbA/fnbB genes observed in the present study are consistent with the functional 
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differences among adhesion genes. While clfA is primarily associated with surface 

attachment and colonization, fnbA and fnbB are more closely related to invasion and 

intracellular persistence. Therefore, the higher prevalence of clfA is an expected finding. 

Adhesion genes are also closely associated with biofilm formation. In particular, 

fnbA and fnbB are known to contribute to the early stages of biofilm development by 

facilitating bacterial attachment to surfaces. Biofilm formation may promote chronic 

infections by increasing antibiotic resistance (Otto, 2008). The presence of these genes in 

canine-origin S. aureus isolates is also important from a zoonotic perspective. Adhesion 

factors may facilitate bacterial attachment to different host species and thereby contribute 

to animal-to-human transmission. Particularly in situations involving close contact with 

companion animals, strains carrying such virulence factors may be transmitted to humans. 

The detection of clfA, fnbA, and fnbB genes in the present study demonstrates that 

canine-origin S. aureus isolates possess strong adhesion and invasion capacities. In 

particular, the predominance of the clfA gene indicates that these strains can effectively 

adhere to host tissues and have a high potential to initiate infection. These findings are 

consistent with the literature supporting the fundamental role of adhesion factors in S. 

aureus pathogenesis and emphasize the clinical and epidemiological importance of 

canine-origin isolates. 

In the present study, high resistance rates to beta-lactam antibiotics were detected 

among S. aureus isolates obtained from canine wound cases, with 83.3% resistance to 

ampicillin and 73.3% to amoxicillin/clavulanic acid. These findings are consistent with 

the literature reporting the widespread development of beta-lactam resistance in S. aureus. 

The principal mechanisms underlying beta-lactam resistance include beta-lactamase 

production and alterations in penicillin-binding proteins (PBPs), while resistance 

mediated by the mecA gene results in reduced susceptibility to a broad spectrum of beta-

lactam antibiotics (Lowy, 2003). In the current study, moderate resistance rates were 

observed for clindamycin (56.6%), gentamicin (46.6%), and doxycycline (46.6%). 

Similarly, studies of canine-origin staphylococcal isolates have reported variable but 

generally increasing resistance rates to these antibiotics. For example, Lai et al. (2022) 

demonstrated that staphylococcal isolates obtained from dogs, particularly those with 

recent antibiotic exposure, tended to develop multidrug resistance and commonly 
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harbored resistance genes. The resistance rates detected for 

trimethoprim/sulfamethoxazole (60%) and enrofloxacin (30%) suggest that these 

antibiotics still retain partial efficacy, although their effectiveness appears to be 

decreasing. Fluoroquinolone resistance is generally associated with mutations in DNA 

gyrase and topoisomerase enzymes, and this resistance tends to increase particularly 

following prolonged or repeated antibiotic exposure (Hooper, 2003). In the present study, 

a relatively low resistance rate to fusidic acid (13.3%) was observed, suggesting that this 

antibiotic remains an effective therapeutic option. Resistance to fusidic acid is commonly 

associated with mutations in the fusA gene or the presence of fusB-type resistance genes, 

and it has been reported to exhibit a more limited spread compared with resistance to 

other antibiotics (Castanheira et al., 2010).  

One of the most remarkable findings of the study was that 83.3% of the isolates 

were resistant to three or more antibiotic classes and were therefore classified as 

multidrug-resistant (MDR). Multidrug resistance is considered a major threat to both 

veterinary and human health. In a study by Putriningsih et al. (2023), all methicillin-

resistant Staphylococcus isolates were found to exhibit multidrug resistance. Similarly, 

MDR rates ranging between 30% and 70% have been reported in various studies; 

therefore, the 83.3% MDR rate identified in the present study is notably high. This 

elevated MDR prevalence may be explained by factors such as inappropriate and 

uncontrolled antibiotic use, prolonged treatment regimens, and horizontal transfer of 

resistance genes (Putriningsih et al., 2023). In particular, the frequent empirical use of 

antibiotics in companion animals contributes to the selection of resistant strains. 

Furthermore, dogs have been reported to serve as reservoirs of resistant staphylococci, 

with the potential to transmit these bacteria to humans (Lai et al., 2022). These findings 

indicate that antibiotic resistance should not be considered solely a veterinary clinical 

issue, but also a significant zoonotic and public health concern. 

CONCLUSION 

This study demonstrated that canine-origin S. aureus isolates possess a broad 

repertoire of virulence factors and exhibit high levels of antibiotic and multidrug 

resistance. These findings indicate that such isolates represent a significant risk 

for both veterinary clinical infections and public health. Therefore, the rational 
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use of antibiotics, the implementation of regular antimicrobial resistance 

surveillance programs, and the adoption of appropriate measures against the risk 

of zoonotic transmission are of great importance. 
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Abstract: The impact of Morus alba L. powder on gut microbiota and survival indices of Silver 

Carp (Hypophthalmichthys molitrix) and mori (Cirrhinus mrigala) was investigated in the current 

study. M. alba powder has long been known to possess blood-stimulating, sedative-tonic, and 

restorative qualities. Sixty H. molitrix and sixty C. mrigala fish specimens were taken from the 

hatchery and randomly placed into groups with replicates. One group (T0) was maintained as a 

control and fed a basal commercial diet, while the other (T1) received a diet supplemented with 

6% M. alba leaves powder based on the body weight of fish for a period of 60 days. The fish's 

survival rate was recorded at the end of the experimental period. To evaluate the effect on 

microbial communities, gut samples were collected and cultured on different media, such as 

Nutrient Agar (NA), Tryptic Soy Agar (TSA), and Eosin Methyl Blue (EMB). The mean colony-

forming unit (CFU) of Silver Carp on NA (88.33±8.37, 25.83±3.959), TSA (261.32±14.765, 

162.54±10.456), and EMB (85.43±8.567, 26.97±7.345) respectively on T0 and T1. The mean 

colony-forming unit (CFU) of mori on NA (425±16.876, 19.67±2.678), TSA (587.86±14.876, 

128.34±6.569), and EMB (119.54±8.476, 17.45±2.567) respectively on T0 and T1. Quantitative 

data from different treatments were analyzed using two-factor factorial ANOVA under Complete 

Randomized Design (CRD). The results showed that M. alba significantly affects the bacterial 

count in the gut of both fish species. These findings suggest that M. alba supplementation may 

have the potential to influence survival rate, gastrointestinal health, and immune systems in 

cultured fish species. 

 

Keywords: Morus alba L. powder, gut microbiota, survival indices, Hypophthalmichthys 

molitrix, Cirrhinus mrigala 

 

INTRODUCTION  

Global aquaculture production has grown considerably over the last few decades. 

Numerous advancements that have improved control over the production process and 

increased competitiveness are largely responsible for this growth (Afewerki et al., 2023). 

These innovations may take many forms, ranging from radical new concepts to 

knowledge adaptakini from terrestrial farming systems. Aquaculture has experienced 
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tremendous expansion in production and is mora dikerse than other agricultural industries 

in terms of species, feed, production methods, illîneyse, products, corporate structures, 

and marketing strategies (FAO, 2020). This expansion has been achieved through both 

extensive and intensive growth, as production has increased for new species and in new 

countries (Uma et al., 2020). Furthermore, improved production methods, often 

implemented on a larger scale, have been made possible through technological 

advancements and improved technical skills (Hou et al., 2020). 

Fish, like other animals, require a wide range of nutrients in sufficient quantities 

to grow and maintain body overall bodily processes. However, not all essential nutrients 

can be synthesized internally and must therefore be obtained from external sources (Xv 

et al., 2021). In aquaculture systems, farmed fish are provided with nutritionally balanced 

feeds in addition to natural food produced in ponds, whereas wild fish depend solely on 

natural food sources for survival (Ashraf, 2011). The carp group dominates the 

aquaculture system and accounts for approximately 56.45% of global freshwater 

aquaculture production (Ejaz et al., 2024) 

Cirrhinus mrigala (Mori), which makes up 1.08% of global freshwater 

aquaculture production, is the third most significant species of major carp after Labeo 

rohita (Rohu) and Catla catla (Thaila). The ecological distribution of this species lies 

within the Indo-Gangetic river system, including waters of Myanmar, Bangladesh, and 

Nepal (Zhu et al., 2021). Mori thrives in semi-intensive polyculture setups and is 

economically valuable due to its detritivorous feeding habit (Afzal et al., 2024). 

Hypophthalmichthys molitrix, commonly known as silver carp, is fairly compressed 

laterally and has a deep-bodied structure. This species is considered highly cost-effective 

and productive in aquaculture because it grows rapidly and feeds mainly on 

phytoplankton, reducing the need for supplementary costly feed (Jawdhari et al., 2022). 

The tree Morus alba is native to China, Japan, and India. Historically, Mulberry 

plants were cultivated primarily to support the silkworm industry. However, research over 

the past 2 decades has demonstrated their value as a feed resource for ruminant and 

monogastric animals. In addition, M. alba has a long history of medicinal usage in 

Chinese medicine (Sheikhlar et al., 2014). This plant can grow under a wide range of soil, 

topographical, and climatic conditions (Yilmaz et al., 2020). The northern hemisphere 

temperate to subtropical zones and the southern hemisphere's tropics are home to M. alba. 

In traditional Chinese medicine, practically every part of M. alba, including its foliage, 
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roots, and fruit, has been utilized for medicinal purposes (Yukgehnaish et al., 2020). 

Several studies have also reported the strong antioxidant potential of mulberry fruits and 

leave extract (Ran et al., 2024).  

Interest in the diversity and functional relationships of gut microbial communities 

in vertebrates has increased significantly with the development of high-throughput 

sequencing technologies, which allow rapid screening of complex microbial samples 

(Ringo et al., 2022). Different regions of the gastrointestinal tract harbor distinct 

microbial communities that vary in composition and function. For example, 

cyanobacteria have been reported as dominant taxa in the intestines of several fish 

species, including shad, silver carp, and grass carp, although these microorganisms are 

likely derived from ingested food sources (Jiang et al., 2014).  

Mulberry leaves are rich in bioactive compounds and have long been used in 

traditional Chinese medicine to treat metabolic disorders and associated conditions such 

as obesity, immune dysfunction, hypertension, and hyperlipidemia (Ma et al., 2024). 

However, studies evaluating the effects of mulberry leaves supplementation as a feed 

additive on fish growth and health remain limited (Birgani et al.,2018). Due to the growth-

promoting, antioxidant, and intestinal microbial enhancing properties, mulberry leaf 

powder may help protect fish against intestinal diseases (Zhao et al., 2019). Although 

several studies have discussed the potential effects of M. alba in aquaculture, limited 

information is available regarding its simultaneous effects on gut microbial and survival 

indices of H. molitrix and C. mrigala under the same experimental conditions. Therefore, 

the present study was designed to evaluate the effect of M. alba leaf powder on gut 

microbial and survival indices of these two fish species. 

 

MATERIAL AND METHOD 

Experimental Design 

 

For the sake of research, 60 healthy specimens of Hypophthalmichthys molitrix 

and Cirrhinus mrigala each were brought from a local hatchery with an average weight 

of 80-100g. and acclimatized for 2 days in cemented tanks at Fish Hatchery, Fisheries 

Research Farms. Following acclimatization, fishes were randomly transferred to six glass 

aquariums, properly labeled as control and experimental groups with three replicates 

each. Local Ethics Committee principles have been followed with ethical approval 

number 2185-88 dated 10-02-2025, University of Agriculture, Faisalabad. 
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Experimental Feed and Its Preparation 

 

The feeding experiment lasted for 2 months. Experimental groups were fed a 

formulated diet containing 6% of Morus alba leaf powder, whereas fish in the control 

group received commercial pelleted feed. All fish were fed according to their body weight 

throughout the experimental period. M. alba leaf powder was prepared using fresh leaves, 

which were thoroughly washed and shade-dried for about 4-5 days. The dried leaves were 

then ground into a fine powder using a grinder. All ingredients, according to the feed 

formulation mentioned in Table 1, were weighed and thoroughly mixed in a container. 

Wheat flour and lukewarm water were then added as a binder to form a dough. After 

pelletization, the pellets were shade-dried for about 3-4 days and stored in an airtight 

container for use throughout the experimental period.  

         Table 1. Fish feed composition (1 kg feed) 

Ingredients Control diet (t0) Experimental diet 

(T1-6% M. alba) 

Soybean meal 350 350 

Rice bran 230 200 

Wheat flour (as binder) 180 150 

Mustard oil cake 200 200 

Corn gluten meal 30 30 

Morus alba leaf powder 0 60 

Vitamin mineral premix 5 5 

Vegetable oil 5 5 

Total 1000g 1000g 

 

Fish Feeding Rate 

Fish were provided with the test meals for six days until they were completely 

satisfied. The feed was given once a day between 9 AM and 1 PM via the hand-feeding 

method. Fish feeding lasted for almost 60 days. The amount of feed per day was 

calculated using the formula given. 

Amount of feed per day (g) = Total weight of fish samples × feeding rate at 6% 

body weight/100 

 

Collection of Samples 

For microbiological analysis, ten fish samples were collected from the gut part 

using sterilized apparatus from each treatment group. The fish were first anesthetized with 

clove oil and then dissected to obtain gut samples. Each sample was placed into an 
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Eppendorf tube containing 0.9% NaCl solution. The samples were then thoroughly 

homogenized and labeled accordingly as control group T0 and experimental group T1.  

 

Microbial Media Preparation 

For microbial culture-dependent protocol, three different medias as Nutrient Agar 

(NA), Eosin Methylene Blue (EMB), tryptic soy agar (TSA) were prepared using the 

protocols followed by Haroon et al. (2026). 

Nutrient Agar Preparation 

To prepare nutrient agar media, 11.25g of NA (OXOID LTD., Basingstoke, 

Hampshire, England) was dissolved in distilled water, and the volume was adjusted to 

150ml. The solution was mixed thoroughly in a flask, covered with aluminum foil, and 

placed in an autoclave at 121ºC and 15 psi for 15 minutes. After autoclaving, the medium 

was cooled to about 40-45ºC and poured aseptically into sterile petri dishes for 

solidification.  

Microbial enumeration was done using three Petri plates for each sample under 

treatments, and the average colony count was considered for analysis. NA potentially 

supports the growth of a wide range of bacteria, providing essential nutrients and minerals 

(Maan et al., 2025). The pH of the medium was maintained at 7.4 ± 0.2 at 25ºC. 

Typical composition of NA (g/L): 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 

Eosin Methylene Blue (EMB) Preparation 

Eosin Methylene Blue (EMB) agar was prepared by dissolving 5.4g of EMB 

powder in 150ml distilled water. The medium was constantly stirred until completely 

dissolved and then sterilized in an autoclave with the same conditions as those of the NA 

media. After cooling, poured the media in petri plates, allowing it to solidify. Three 

replicates were prepared for each sample.  

EMB is a differential and selective medium for the enumeration of specifically 

Gram-negative bacteria. The dyes eosin and methylene blue inhibit Gram-positive 

bacteria.  

Typical composition of EMB agar (g/L): Peptone 10.0; Lactose 10.0; Dipotassium 

phosphate 2.0; Eosin Y 0.4; Methylene blue 0.065; Agar 15.0. 
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Tryptic Soy Agar (TSA) Preparation  

Tryptic soy agar was prepared by dissolving 6g of TSA in distilled water to make 

the volume 150ml. The medium was mixed thoroughly, covered with aluminum foil, and 

sterilized in an autoclave. Afterward, poured it into Petri plates, three for each sample 

under every treatment. 

TSA is a general-purpose medium used for the cultivation of heterotrophic 

bacteria due to its rich composition. The pH was maintained at 7.3 ± 0.2 at 25ºC. 

Typical composition of TSA (g/L): Pancreatic digest of casein 15.0; Papaic digest 

of soybean meal 5.0; Sodium chloride 5.0; Agar 15.0. 

 

Colony Morphology 

After incubation on solidified medium, bacterial colonies were examined for 

bacteriological characteristics. Colony size (small, medium, large), shape (spherical, 

irregular, biconcave, rhizoid), and margin types (ondulate, lobate, wavy, dentate, 

filamentous). Optical characteristics such as milky and turbid appearance were also noted. 

Afterward, the colony counting was done using an automated colony counter, and the 

following formula was used to calculate colony-forming units (CFU): 

CFU= Total colonial count × Factor of Dilution (106) 

Staining Characteristics 

Under the compound microscope, after staining, various characteristics of 

bacterial cell morphology, such as bacillus, spiral, filaments, as well as arrangements like 

chains and clusters, were observed. Staining enables the visualization of general 

morphology through the use of colored dyes that enhance cellular structures. The prepared 

slides were examined under the compound microscope (OLYMPUS BH-2). However, 

this method only allows preliminary morphological characterization and presumptive 

identification of bacterial isolates; species-level identification could not be confirmed 

using this method alone 

Physico-chemical Parameters 

The temperature and dissolved oxygen (DO) levels of the water were measured 

using the HANNA HI-9146 electronic meter. The pH was determined using the HANNA 

HI-8424 meter, and other parameters such as alkalinity, hardness were measured using 

the traditional A.P.H.A. method (Menon et al., 2023). 

https://creativecommons.org/licenses/by/4.0/
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Statistical Analysis 

Two factor factorial ANOVA under CRD was used to compare the quantitative 

findings obtained from the treatments with one another. 

RESULT 

The current research named “Effect of oral administration of M. alba L. powder 

on gut microbiota and survival indices of Hypophthalmichthys molitrix and Cirrhinus 

mrigala” was accomplished at the Fish Microbiology Lab, UAF. The trial period was 

about 2 months. This study also sought to determine the possible impacts of using M. alba 

in fish diets. 

Total Bacterial Count  

A thorough analysis of the bacterial population found in Silver Carp and mori 

samples on control (T0) and experiment (T1) groups was made possible by the use of 

various agar media, which allowed for the selective growth of particular bacterial species 

based on their nutritional needs and other factors. 

 

Total Microbial Count and CFU of Gut Samples on Nutrient Agar Media 

The gut samples of silver carp and mori were cultured on Nutrient Agar media 

(NA) after 24 hours of incubation. The highest count of bacterial colonies observed in the 

silver carp of T0 was 100 CFU/g, and in mori was 425 CFU/g. In T1 group, the highest 

colony count in silver carp was 31 CFU/g, and in mori was 20 CFU/g. The lowest colony 

count in silver carp was 20 CFU/g, and in mori, it was 15 CFU/g. 

 

Total microbial Count and CFU Count of Gut Sample on Tryptic Soy Agar 

(TSA) 

The gut samples of Silver Carp and mori were cultured on Tryptic Soy Agar 

(TSA). The highest count of bacterial colonies observed in the silver carp of T0 was 264 

CFU/g, and in mori it was 590 CFU/g. In the T1 group, the highest colony count in silver 

carp was 165 CFU/gand in mori it was 135 CFU/gThe lowest bacterial count in silver 

carp of T0 it was 250 CFU/g, and in mori it was 585 CFU/g. Similarly, in the T1, the 

lowest colony count in silver carp was 160 CFU/g, and in mori it was 125 CFU/g. 

 

Total Microbial Count and CFU of Gut Samples on Eosin Methylene Blue  

The gut samples of silver carp and mori were cultured on Eosin Methylene Blue 

(EMB). The highest count of bacterial colonies observed in the silver carp of T0 was 95 
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CFU/g, and in mori it was 124 CFU/g. In the T1 group, the highest colony count in silver 

carp was 34 CFU/g, and in mori it was 20 CFU/g. The lowest bacterial count in silver 

carp of T0 it was 83 CFU/g, and in mori it was 113 CFU/g. Similarly, in the T1, the lowest 

colony count in silver carp was 21 CFU/gand in mori it was 13 CFU/g. 

Table 2: Analysis of main and interaction (S×T) effect between species (S) and treatment (T) 

and between treatment group by using two-way factorial ANOVA 

SOV Microbial growth 

(NA) 

Microbial growth 

(TSA) 

Microbial growth 

(EMB) 

F-value p-value F-value p-value F-value p-value 

S 40.58 0.000 31.42 <0.001 9.78 0.000 

T 83.72 0.000 105.41 0.000 669.39 0.000 

S×T 13142.8 <0.001 27923.85 0.000 334.87 <0.001 

Error 44  

Total 47 

 

A   B  

C  
              Figure 1: Interaction plot for gut bacterial culture on (A) NA (B) TSA (C) EMB 

 Under a completely randomized design, the experiment was carried out in a 

two-factor factorial. Analysis of variance for the two factors was performed, and both 

main and interaction effects indicated significant results (p-value < 0.01) from Table 2. 

These findings demonstrated that the gram-positive bacterial colonies in both silver carp 

and mori were significantly improved by M. alba powder. Higher bacterial counts were 

observed in the T0 group of both fish species, whereas reduced CFU values were recorded 
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in T1 group. Although the magnitude of reduction varied between C. mrigala and H. 

molitrix, the treatment showed an overall suppressive effect on gut microbial load in both 

species in experimental conditions.  

 
              Figure 2: Left side: Gram-negative bacteria in T0; Right side: Gram-negative and 

Gram-       positive bacteria in T1 

 

 
             Figure 3: Left side: Gram-negative bacteria in T0; Right side: Gram-positive bacteria in   

T1 

 

M. alba has a considerable impact on the microbial count; it lowers the number of 

microbes in both mori and Silver Carp, according to the F-value, which indicates that the 

result is significant.  The microbial loads of the groups under comparison differ 

noticeably. 

 
               Figure 4: Left side: Gram-negative bacteria in Silver carp and mori ofT0; Right side: 

Gram-positive and Gram-negative in Silver carp and mori of T1 

 

Survival Indices of Silver Carp and Mori 

By looking at how M. alba L. powder affects fish survival metrics, its possibility 

as a dietary supplement in farm has been assessed. Known for its dietary and medicinal 

properties, M. alba contains a variety of bio-active components that may have an impact 
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on fish health and survival. Survival rate of both species under different treatments were 

mentioned in Table 3.  

          Table 3. Survival Rate of Both Species Under Different Treatments 

 

 

 

DISCUSSION 

This study was conducted at the Microbiology and Immunology Laboratory, 

Department of Zoology, Wildlife, and Fisheries, University of Agriculture, Faisalabad. 

The primary aim was to evaluate the impact of Morus alba L. powder on gut microbiota 

and survival indices of Silver Carp (Hypophthalmichthys molitrix) and mori (Cirrhinus 

mrigala). 

No study has directly evaluated the effect of M. alba on Silver Carp and mori 

microbiology; however, Yu et al. (2021) examined how theront infectivity was affected 

by low extract concentrations. Following a 30-minute pre-treatment with M. alba extracts, 

the infectivity was markedly reduced. Infection severity decreased as extract 

concentrations increased from 0 (control) to 8 mg/L when grass carp were exposed to 

theronts treated with acetone and ethyl acetate extract at varying doses. Infection rates for 

ethyl acetate and acetone extracts ranged from 100% to 60% and 100% to 40%, 

respectively. A similar response was observed in mori and silver carp fed M. alba diet 

(Figure 1). Previous studies have demonstrated the impact of dried and fermented 

mulberry leaf meal as a fish-meal replacement in aquafeeds. However, the effects of M. 

alba extracts as a medicinal or functional feed additive remain largely underexplored. 

Zhou et al. (2023) reported that mulberry leaf extract affected intestinal health in 

spotted sea bass (Lateolabrax maculatus). Enzyme activity of AKP and ACP activity 

increased with ELM supplementation, peaking at 9g/kg for AKP and 6g/kg for ACP 

before gradually decreasing (P>0.05). 

Groups Number 

survived 

Total 

number 

Survival rate 

(%) 

Control Silver carp 14 20 70% 

Control mori 15 20 75% 

Experimental Silver carp 17 20 80% 

Experimental mori 18 20 90% 
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                                                 2026 The Author (s). This work is licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0).           

  

60 

The microbiota of mori and silver carp, herbivores and surface-feeding species, 

respectively, is influenced by diet (Ou et al., 2024). Fish gut health is influenced by 

anaerobic bacteria such as Bacteriodetes, Clostridium, and Cetobacterium, as well as 

microorganisms like Aeromonas, Enterobacteriaceae, Pseudomonas, Actinobacter, 

Staphylococcus, Streptococcus, Bacillus, and Vibrio. Studies on common carp and grass 

carp by Yang et al. (2024) showed that Proteobacteria, Fusobacteriota, and Pseudomonas 

dominated the gut microbiota, accounting for approximately. 80% of the community 

supports our findings. 

Nutrient agar supported the highest bacterial colony counts, likely due to its 

richness in nutrients for both gram-negative and gram-positive bacteria. EMB medium 

produced the fewest colonies, supporting primarily gram-negative bacteria, while TSA 

allowed growth of both types of bacteria with relatively high counts. Colony variations 

may result from fluctuations in water temperature and other environmental parameters. 

Feeding M. alba was associated with a reduction of overall bacterial load and changes in 

gut microbial populations, which may contribute to improved growth performance and 

immune-related responses in fish. 

Research has shown strong links between metabolomics and gut microbiota (Ma 

et al., 2022). Intestinal microbiota modulates the metabolism of endogenous and 

exogenous compounds, influencing energy expenditure. In this study, MFP, MFS, and 

MFPS were evaluated for their contribution to fecal metabolites. According to the gut-

liver axis theory, microbial fermentation modifies the metabolites of dietary compounds. 

Wei et al. (2023) also observed that gut bacteria ferment undigested peptides and proteins 

in the colon, producing bioactive compounds that can influence physiological processes.  

Chang et al. (2019) reported that M. alba inhibit growth of Salmonella spp., 

Pseudomonas spp., and Escherichia coli. Mulberry fruits also exhibit anti-inflammatory, 

anti-hyperglycemic, and anti-obesity properties (Chen et al., 2022). Silkworms fed 

mulberry leaves showed improved cocoon quantity, weight, and silk egg quality. Qian et 

al. (2022) indicated that M. alba promoted growth of Akkermansia spp. and Bacteroidetes 

spp. Similarly, in this study, M. alba increased the growth in mori and silver carp, 

modulating bacterial populations. 

https://creativecommons.org/licenses/by/4.0/
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Although limited studies have evaluated the effects of M. alba on fish microbial 

composition, the current study demonstrated clear benefits. A diet supplemented with M. 

alba extracts might improve overall gut microbial composition and health of fish.  

 

CONCLUSION  

The study highlights the benefits of incorporating M. alba into the diet of mori 

and silver carp. M. alba contains bioactive compounds with immune-modulatory and 

antioxidant properties, including polyphenols, flavonoids, and vitamins. Such plant-based 

additives may influence gut microbial load and overall microbial balance in cultured fish. 

Future research should focus on optimizing feed formulations, integrating culture-

independent techniques, and evaluating long-term effects on fish health and production 

efficiency, potentially reducing reliance on conventional feed additives.  
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Abstract: This study's main goal was to assess how Fructooligosaccharide (FOS) and 

Xylooligosaccharide (XOS) affect the growth and hematology of Hypophthalmichthys molitrix 

(Silver Carp). FOS and XOS are rich in plant sugars that occur naturally in many fruits and 

vegetables and are also known for their digestibility, non-carcinogenic activity, lowering 

mortality, and increasing survival rates. For the experiment, 180 fish were collected from research 

ponds and allocated for sixty days in control (commercial feed) and experimental sets (FOS and 

XOS). A completely randomized design (CRD) was applied as the experimental design to 

compare treatment means. Fish in T2 with XOS gain more weight (0.685±0.082g) than T1 with 

FOS (0.529±0.075g) and T0 with commercial feed (0.35±0.037g). T2 had the greatest length gain 

(0.560±0.055cm), compared to T1 (0.505±0.049cm) and T0 (0.347±0.055cm). In comparison to 

T1 (1.260±0.112g) and T0 (1.156±0.11g), T2 had a greater specific growth rate (SGR) 

(1.364±0.161g), and compared to T1 (2.012±0.176) and T0 (2.230±0.187), T2 had a reduced feed 

conversion ratio (FCR) (1.787±0.154). The highest survival rate was shown in T2 (95%). T2 had 

higher average RBC×106/μL values (3.044±0.19) than T1 (2.628±0.184) and T0 (2.192±0.115), 

among other data. T2 had more WBCs×103/μL (32.68±0.279) than T1 (31.78±0.214) and T0 

(30.42±0.186). The mean hemoglobin levels (g/dL) in T0, T1, and T2 were 5.106±0.029, 

5.276±0.034 and 5.566±0.045, respectively. Weekly, all physicochemical parameters were 

monitored and maintained regularly. The findings indicated that, in comparison to FOS and 

commercial feed, adding XOS in fish feed proved to be more effective at enhancing H. molitrix's 

growth and hematology. 

 

Keywords: Fructooligosaccharide (FOS), growth performance, hematology, 

Hypophthalmichthys molitrix, Xylooligosaccharide (XOS) 

 

INTRODUCTION 

Aquaculture is the farming of aquatic organisms, including fish, shellfish, algae, 

and other aquatic flora and fauna, under controlled, optimal conditions. This sector has 

experienced tremendous growth in recent decades. According to recent reports, global 

aquaculture production increased by 32% between 2010 and 2018 (FAO, 2020). 

Aquaculture is one of the most active arenası of the global food production system and 

serves as a valuable source of essential detaya nutrients for the world's population (Naylor 
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et al., 2023). While marine production predominates in America, Europe, and Oceania, 

inland aquaculture makes up the majority of aquaculture production in Asia and Africa 

(Verdegem et al., 2023). With an annual growth rate of 6.8%, aquaculture's production 

has reached 122.6 million metric tons with an estimated value of 281.5 billion US dollars 

(Prakoso et al., 2023). More than 90% of the world's aquaculture production originates 

from developing countries (Harikrishnan et al., 2022). Carps, cyprinids, and tilapia are 

among the freshwater fish species dominating the aquaculture production (Malik et al., 

2020; Fatima et al., 2026). 

The fisheries sector plays a vital role in ensuring food security, providing means of 

subsistence for those living along the coast, generating export earnings, and strengthening 

economic development (Memon, 2016). Fish is an excellent source of vitamin A and D, 

omega-3 fatty acids, high-quality proteins, and other nutrients that contribute to human 

health and disease prevention (Tacon, 2022; Nazir et al., 2025). Pakistan possesses 

extensive inland and marine fisheries resources, including the Arabian Sea, rivers, lakes, 

and dams. Inland fisheries are mainly distributed across Punjab, Sindh, and Khyber 

Pakhtunkhwa, including Gilgit Baltistan, whereas marine fisheries are concentrated along 

the coastal regions of Sindh and Balochistan (Khan and Abbas, 2023).  

Silver carp (Hypophthalmichthys molitrix) is a freshwater species naturally 

inhabiting rivers, reservoirs, lakes, seams, and ponds and is widely cultured in aquaculture 

systems (Zu et al., 2023). Owing to its filter-feeding behavior, this species is extensively 

utilized in China for the biological control of cyanobacterial blooms in eutrophic water 

bodies (Zhou et al., 2022). It contains a high protein content and contributes substantially 

to global freshwater aquaculture production. Morphologically, the species is 

characterized by a deep and laterally compressed body. It exhibits a silvery coloration 

with a darker dorsal surface and a whitish ventral region; with age, the dorsal surface may 

develop an olive-green hue (Jawdhari et al., 2022).  

Fructooligosaccharides (FOS) are short-chain carbohydrates composed of two to 

ten fructose units produced via enzymatic hydrolysis of inulin (Hoseinifar et al., 2014). 

FOS has been reported to alleviate the adverse effects of disease caused by pathogens like 

Streptococcus iniae and Vibrio harveyi. By enhancing immune responses, FOS can 

reduce the severity of disease, lower mortality rates, and improve the overall health and 

survival of fish (Eissa et al., 2024). Xylooligosaccharides (XOS) are prebiotic 

https://creativecommons.org/licenses/by/4.0/
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oligosaccharides consisting of two to ten xylose units connected through glycosidic 

linkages (Aachary and Prapulla, 2011). Due to its non-toxicity, high water solubility, 

digestibility, and beneficial effects on the intestinal microbiota, XOS has attracted 

considerable attention for its potential health-promoting properties in aquatic organisms 

(Abasubong et al., 2022). 

Fish growth performance is commonly evaluated through parameters such as 

growth rate, feed utilization efficiency, and total productivity (Lugert et al., 2016; Maan 

et al., 2025). Previous studies have demonstrated that dietary supplementation with FOS 

can improve weight gain, specific growth rate (SGR), feed conversion efficiency (FCE), 

and survival in aquatic animals (Ahmed et al., 2019). On the other side, hematology, the 

study of blood and its components, is widely used to assess the physiological condition 

and health status of fish (Fazio et al., 2019). Hematological alterations in fish may indicate 

nutritional deficiencies, environmental stress, toxic exposure, or disease conditions. 

Therefore, hematological monitoring is an important tool for optimizing aquaculture 

management practices, selecting superior breeding stocks, and enhancing fish welfare, 

productivity, and overall farm performance (Witeska et al., 2022). 

Although FOS and XOS have been widely investigated as dietary prebiotics in 

several aquaculture species, information regarding their effects on growth performance, 

feed utilization, hematological characteristics, and health status of H. molitrix remains 

limited. Most previous studies have been focused on individual prebiotics or on 

commercially important species like tilapia and salmonids, while comparatively little 

attention has been given to silver carp. Therefore, the current study aimed to fill that 

research gap by evaluating the effect of FOS and XOS on the growth and hematology of 

silver carp. 

MATERIAL AND METHOD 

Research Area and Collection of Samples 

The trial was conducted for two months at Fisheries Research Farms, Department 

of Zoology, Wildlife and Fisheries, UAF, Faisalabad. It started on September 18th, 2024, 

and ended on November 6th, 2024. 180 healthy Hypophthalmichthys molitrix were 

collected, weighing three to five grams on average. Local Ethics Committee principles 

have been followed with ethical approval number 1224 dated 29-01-2024, University of 

Agriculture, Faisalabad. 
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Fish Stocking 

Fish were taken from fisheries research ponds and placed in 9 glass aquaria with 20 

H. molitrix fingerlings each. The trial was set up as the experimental groups (T1 and T2) 

and the control group (T0) with replicates. Commercial pelleted feed was given to the 

control group (T0), while Fructooligosaccharide (FOS) and Xylooligosaccharide (XOS) 

were given to the experimental groups. 

Feed Preparation 

Experimental diets were prepared by supplementing commercial fish feed with 3% 

Fructooligosaccharide (FOS) and 3% Xylooligosaccharide (XOS), replacing an 

equivalent proportion of the basal diet. Three dietary treatments were established: T0 

(Control diet); T1 (97% basal diet+ 3% FOS), and T2 (97% basal diet+ 3% XOS). Fish 

were fed at a rate of 3% of their body weight per day throughout the experimental period. 

Basal feed composition includes fish meal, wheat meal, yeast, germ meal, shrimp 

meal, vitamins, and mineral supplements as per the manufacturer's declaration. FOS and 

XOS are prebiotic oligosaccharides that can be made for an experimental diet using 

enzymes such as fructosyltransferase, which turns sucrose into FOS, and xylanase, which 

hydrolyzes xylan, which is found in plant cell walls, to create XOS. To prevent 

contamination, the feed was stored in polythene bags after it was prepared. A daily 

feeding schedule was created, and twice a day, the fish were fed at 8:30 am and 4:30 pm 

for an assessment of growth performance.  

Growth Parameters 

Throughout the trial period, a variety of growth measures were assessed to gauge 

the fish's progress. These measurements include body weight in grams and length in cm. 

Crucial metrics such as survival percentage, feed conversion ratio (FCR), and specific 

growth rate (SGR) were computed as well. 

Weight Gain (g) 

Final weight (Wf) - Initial weight (Wi) 

 

Length Gain (cm) 

Final length (cm) - Initial length (cm) 

 

Feed Conversion Ratio 

FCR =  
Total feed given (grams)

Wet weight gain (grams)
 

 

 

 

Specific Growth Ratio 

SGR =  
In (final weight) - In (initial weight)  

No of trial (days)
×100 

 

Survival Percentage 

SP (%) =  
Number of harvested fish

Number of stocked fish
×100 
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Determination of Hematological Parameter 

A hematocytometer was used to measure the total RBCs and WBC counts for blood 

chemistry. Initially, the blood sample was split into two sections. Hematological indices 

such as hemoglobin, hematocrit 

RBCs, and WBCs were determined in the first section using 10 percent EDTA 

(ethylene diamine tetraacetic acid). A 100 microliter blood sample was incubated in micro 

flat-bottomed plates for forty minutes at 37 degrees Celsius, primarily to facilitate cell 

adhesion. The saline buffer was then utilized for washing, and was done three times in 

order to obtain a precise count. This approach was used to calculate the hematological 

parameters, including mean cell volume and mean cell hemoglobin (MCH) (Saravanan et 

al., 2011; Haroon et al., 2026).  

Smears were made and stained for leukocyte differential staining. At 4 degrees 

Celsius, the second portion of the blood sample was allowed to coagulate overnight. The 

clotted sample was then kept for later use after being centrifuged for fifteen minutes at 

4000 rpm. 

Physico-Chemical Parameters of Water 

On each trial day, a number of significant limnological parameters, including pH, 

dissolved oxygen (mg/L), temperature (ºC), total hardness, total alkalinity, and salinity of 

water, were assessed. Temperature, dissolved oxygen (DO), and pH levels were measured 

using electronic meters such as the HANNA HI-8424 and a pH meter. The total hardness 

and total alkalinity of water were measured using standard methods. Using the proper 

equipment and established techniques, the goal was to methodically monitor and assess 

several water quality indicators. 

Statistical Analyses 

The analysis of variance (ANOVA) under completely randomized design (CRD) 

were performed to identify significant differences among treatment groups. All data were 

subjected to normality and homogeneity of variance tests before further analysis. 

 

RESULT 

Physicochemical Parameters 

Fish survival, growth, and distribution are significantly impacted by a number of 

physicochemical factors, including temperature, pH, DO, total hardness, and total 
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alkalinity (Jin et al., 2022). The values of the limnological parameters for T0, T1, and T2 

at 8 weeks are shown in Table 1. 

     Table 1: Limnological parameters of T0, T1 and T2 

Parameter T0 T1 T2 

Temperature (ºC) 21.8±2.35 21.875±2.39 21.975±2.39 

pH 5.0125±0.47 5.0±0.59 5.0375±0.63 

DO (mg/L) 7.17±0.19 7.3125±0.17 7.321±0.17 

Total hardness 163.8125±0.971 163.425±0.96 163.0625±1.11 

Total alkalinity 191.15±0.61 194.737±1.36 194.725±1.46 

Growth Performance 

Table 2 illustrates the considerable differences in weight gain, length gain, and SGR 

noted between T0, T1, and T2. In comparison to the T0 and T1 treatments, the SGR, WG, 

and length gain were noticeably greater in the T2 treatment. Conversely, the control group 

(T0) that was devoid of FOS and XOS powder displayed the lowest length increase, WG, 

and SGR. FCR was shown to be lower in T1 and T2 than in T0, as shown in Table 2 and 

Graphs 1-4. Compared to T1 (90%) and T0 (75%), the survival rate (SR) of H. molitrix 

was higher in T2 (95%). 

     Table 2: Impact of FOS and XOS on the growth performance of H. molitrix 

Parameter T0 T1 T2 P 

value 

HighlySignificant/ 

Significant 

/Not significant 

AW (g) 4.385±0.84

3 

6.001±1.19 7.314±1.57 0.001 Highly Significant 

WG (g) 0.35±0.037 0.529±0.08 0.69±0.082 0.000 Highly Significant 

AL (cm) 4.759±0.80 5.945±1.17 6.540±1.26 0.02 Significant 

LG (cm) 0.35±0.05 0.51±0.05 0.56±0.06 0.001 Highly Significant 

SGR 1.16±0.12 1.26±0.112 1.4±0.161 0.046 Significant 

FCR 2.23±0.187 2.013±0.17 1.8±0.154 0.000 Highly Significant 
Ns=not significant, **=Highly Significant, *=Significant, AW= Average weight, WG= Weight 

gain, SGR= Specific growth rate, FCR= Feed conversion Ratio, Diets: T0= Commercial feed, T1= 

Basal diet + 3% FOS, T2= Basal diet + 3% XOS 

 

        
                 Figure 1: Average weight gain of H. molitrix 
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                     Figure 2: Average length gain of H. molitrix 

       
                     Figure 3: SGR of H. molitrix 
 

 

 
 

 

 

 

 

 

                    Figure 4: FCR of H. molitrix                    
 

Hematological Parameters 

Fish blood samples involved in tests were gathered at the conclusion of the trial. 

The study included three treatment groups: the experimental groups, T1 and T2, and the 

control group, T0. As seen in Table 3, there were highly significant variations in RBCs, 

WBCs, hematocrit, and hemoglobin between T0, T1, and T2. T2 had substantially more 
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RBCs, WBCs, hematocrit, and hemoglobin than T0 and T1. In contrast, the commercially 

fed control group had the lowest hemoglobin level, hematocrit, WBCs, and RBCs. 

    Table 3: Effect of FOS and XOS on the hematological parameter of H. molitrix 

Parameter 

  

T0 T1 T2 P value Highly significant/ 

Significant/ Not 

significant 

RBCs 2.2 ±0.12 2.63±0.184 3.04±0.19 0.001 Highly significant 

WBCs 30.42±0.19 31.8±0.214 32.7±0.28 0.000 Highly significant 

Hemoglobin 5.101±0.03 5.25±0.034 5.54±0.05 0.000 Highly significant 

Hematocrit 22.8 ±1.04 28.8 ±1.23 34.7±1.7 0.000 Highly significant 

 

DISCUSSION 

This experiment was conducted at the Microbiology and Immunology Laboratory, 

Department of Zoology, Wildlife and Fisheries, University of Agriculture, Faisalabad. 

The research was carried out to assess the effect of Fructooligosaccharide (FOS) and 

Xylooligosaccharide (XOS) on the growth and hematology of Hypophthalmichthys 

molitrix (Silver carp).  

FOS and XOS are well-established prebiotics that cannot be digested by the host 

but can be selectively utilized by beneficial intestinal microorganisms. Their 

supplementation promotes the proliferation of probiotic bacteria such as Lactobacillus 

and Bifidobacterium, resulting in improved gut microbial balance and intestinal health. 

Enhanced microbial fermentation of prebiotics produces short-chain fatty acids (SCFAs), 

which contribute to intestinal epithelial integrity, improve nutrient absorption, and 

provide additional energy for metabolic processes. Furthermore, FOS has been reported 

to possess antioxidant and immunomodulatory properties that help mitigate oxidative 

stress, inflammation and cellular damage, thereby supporting physiological homeostasis 

and overall fish health (Zhang et al., 2024).  

The beneficial effects of XOS have also been documented in aquaculture species, 

especially as a fermentable substrate for beneficial gut microorganisms (Aachary and 

Prapulla, 2011). Through microbial fermentation, XOS enhances the production of 

metabolites that improve digestive efficiency and nutrient utilization. Additionally, the 

resulting SCFAs provide energy to intestinal epithelial cells, promote gut development, 

and strengthen the intestinal barrier, ultimately leading to improved growth performance 

https://creativecommons.org/licenses/by/4.0/


 
   

                                                 2026 The Author (s). This work is licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0).           

  

                                                       73 

 

and health status (Shimoda et al., 2011). Similar beneficial effects of dietary XOS on 

growth, body composition and immune responses have been reported in juvenile Sobaity 

Seabream (Sparidentex hasta) (Morshedi et al., 2018). 

In the present study, fish fed XOS-supplemented diets exhibited significantly 

greater weight gain, length gain, and specific growth rate (SGR) than those in the control 

group. These improvements may be attributed to enhanced nutrient digestibility and 

absorption resulting from improved gut microbial activity. Similar findings have been 

reported by Zhang et al. (2020), who observed improvements in final body weight, weight 

gain, and SGR in juvenile grass carp fed XOS-supplemented diets. Feed conversion ratio 

(FCR) was lower in the XOS-treated group than in the control group, indicating more 

efficient utilization of dietary nutrients. This improved feed efficiency is likely associated 

with enhanced digestive processes and increased nutrient availability resulting from 

prebiotic-mediated modulation of the intestinal microbiota.  

The hematological parameters measured in this study, including hemoglobin 

concentration, hematocrit value, red blood cell count (RBCs), and white blood cell count 

(WBCs), were significantly elevated in fish receiving XOS supplementation compared 

with the control group. These improvements suggest enhanced physiological condition 

and immune status. Increased RBCs and hemoglobin levels may improve oxygen 

transport capacity and metabolic efficiency, thereby supporting growth. Similarly, 

elevated WBCs indicate stimulation of the immune system and improved disease 

resistance. Comparable improvements in growth performance and hematological 

characteristics have been reported in Labeo rohita (rohu) fingerlings fed XOS-containing 

diets (Khizar et al. 2024). 

Overall, the improved growth performance, feed utilization, survival, and 

hematological responses observed in silver carp are likely mediated through the prebiotic 

effects of XOS on gut microbiota composition and activity. All the related factors 

contribute to the superior performance of fish receiving XOS. In addition, the 

maintenance of suitable water quality parameters throughout the experimental duration 

ensured that the observed improvements were primarily associated with dietary treatment 

rather than environmental variation. 
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CONCLUSION 

The findings of the present study demonstrated that xylooligosaccharide (XOS) 

significantly enhanced the hematology and growth performance of Hypophthalmichthys 

molitrix. Fish fed XOS-supplemented diets exhibited superior growth responses, feed 

conversion ratio (FCR) and specific growth rate (SGR) compared with those receiving 

fructooligosaccharide (FOS) or the control diet. Further, the improved hematological 

parameters suggested a positive effect of XOS on the physiological conditions of the fish 

suggesting XOS being a promising prebiotic feed additive for silver carp aquaculture. 

 

Conflict of Interest 

The authors declare that they have no conflict of interest. 

 

REFERENCES 

 

Aachary, A.A. & Prapulla, S.G. (2011).Xylooligosaccharide (XOS) as an Emerging Prebiotic: 

Microbial synthesis, utilization, structural characterization, bioactive properties, and applications. 

Comprehensive Reviews in Food Science and Food Safety, 10, 2-16. 

DOI : https://doi.org/10.1111/j.1541-4337.2010.00135.x 

 

Abasubong, K.P., Li, X.F., Adjoumani, J.J.Y., Jiang, G.Z., Desouky, H.E. & Liu, W.B. (2022). 

Effects of dietary Xylooligosaccharide prebiotic supplementation on growth, antioxidant and 

intestinal immune-related genes expression in Common Carp (Cyprinus carpio) fed a high fat 

diet. Journal of Animal Physiology and Animal Nutrition, 106, 403-418.  

DOI: https://doi.org/10.1111/jpn.13669 

 

Ahmed, V.M., Abulrahman, N.M., Amin, S.A.H., Hassan, B.R. & Mohammad, S.J. (2019). Effect 

different level of Fructooligosaccharide (FOS) on growth parameters and feed utilization in 

Common Carp (Cyprinus carpio). Journal of Animal and Poultry Production, 10, 285-287.  

DOI: https://doi.org/10.21608/jappmu.2019.54805 

 

Eissa, E.S.H., Ahmed, R.A., Aziz, Y.M.A., Hendam, B.M., Eissa, M.E. & Banna, N.I. (2024). 

Impact of varied combinatorial mixture of β-1, 3 Glucan and Fructooligosaccharides on growth 

performance, metabolism, intestinal morphometry, expression of antioxidant-related genes, 

immunity and protection against Vibrio alginolyticus in Red Tilapia (Oreochromis niloticus × O. 

mossambicus). Aquaculture International, 32, 6575-6595.   

DOI: https://doi.org/10.1007/s10499-024-01479-3

FAO. (2020). The state of the world’s fisheries and aquaculture. Food and Agriculture 

Organization of the United Nations.  

 

Fatima, A., Parveen, S., Rasool, F., Arooj, B., Shahid, Z.F., Mustafa, I., Rashid, B., Orba, F.T. 

& Batool, F. (2026). Effect of soybean meal (SBM) on growth and hematological parameters of 

rohu (Labeo rohita) and grass carp (Ctenopharyngodon idella). International Journal of Applied 

and Experimental Biology, 1(1). 

DOI:  https://doi.org/10.56612/ijaaeb.v1i1.189 

 

https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/j.1541-4337.2010.00135.x
https://doi.org/10.1111/jpn.13669
https://doi.org/10.21608/jappmu.2019.54805
https://doi.org/10.1007/s10499-024-01479-3
https://doi.org/10.56612/ijaaeb.v1i1.189


 
   

                                                 2026 The Author (s). This work is licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0).           

  

                                                       75 

 

 

Fazio, F. (2019). Fish hematology analysis as an important tool of aquaculture: A 

review. Aquaculture. 500, 237-242. 

 DOI: https://doi.org/10.1016/j.aquaculture.2018.10.030 

 

Harikrishnan, R.J., Devi, G., Doan, H.V., Tapingkae, W., Balasundaram, C., Arockiaranj, J. & 

Ringo, E. (2022). Changes in immune genes expression, immune response, digestive enzymes-

antioxidant status, and growth of Catla (Catla catla) fed with Astragalus polysaccharides against 

edwardsiellosis disease. Fish and Shellfish Immunology, 121, 418-436.  

DOI: https://doi.org/10.1016/j.fsi.2022.01.022 

 

Haroon, M., Parveen, S., Rasool, F., Arooj, B., Habib, S., Godya, Z., Mukhtar, N., Ashfaq, A. & 

Anees, A. (2026). Changes in gut microbiota, hematological parameters, and immune response 

following dietary administration of oyster mushroom (Pleurotus ostreatus) in silver carp 

(Hypophthalmichthys molitrix). International Journal of Applied and Experimental Biology, 1(1).  

DOI: https://doi.org/10.56612/ijaaeb.v1i1.190  

 

Hoseinifar, S.H., Soleimani, N. & Ringo, E. (2014). Effects of dietary Fructooligosaccharide 

supplementation on the growth performance, hemato-immunological parameters, gut micro-biota 

and stress resistance of Common Carp (Cyprinus carpio) fry. British Journal of Nutrition, 112, 

1296-1302.  

DOI: https://doi.org/10.1017/S0007114514002037 

 

Jawdhari, A., Mihailescu, D.F., Fendrihan, S., Jujea, V., Linu, V.S. & Negrea, B.M. (2022). Silver 

Carp (Hypophthalmichthys molitrix) presence in Danube delta and Romania-a review with data 

on natural production. Life, 12, 1582.  

DOI: https://doi.org/10.3390/life12101582 

 

Jin, Q., Feng, C., Xia, P., & Bai, Y. (2022). Hardness-dependent water quality criteria for 

protection of freshwater aquatic organisms for silver in China. International journal of 

environmental research and public health, 19(10), 6067.  

DOI: https://doi.org/10.3390/ijerph19106067 

 

Khan, M.W. & Abbas, G. (2023). Studies on the use of aquatic food in Pakistan. Journal of 

Zoology and Systematics, 1, 40-57.  

DOI: https://doi.org/10.56946/jzs.v1i2.246 

 

Khizar, A., Fatima, M., Khan, N. & Rashid, M. (2024). Xylooligosaccharide supplementation in 

rice protein concentrate based diets: A comprehensive analysis of performance and health of 

Labeo rohita. Journal of Animal Physiology and Animal Nutrition, 108, 1059-1071. 

 DOI: https://doi.org/10.1111/jpn.13951 

 

Lugert, V., Thaller, G., Tetens, J., Schulz, C. & Krieter, J. (2016). A review on fish growth 

calculation: multiple functions in fish production and their specific application. Reviews in 

Aquaculture, 8, 30-42.  

DOI: https://doi.org/10.1111/raq.12071 

 

Maan, O., Parveen, S., Rasool, F., Haneef, A., Ameen, A., Haroon, M. & Mukhtar, N. (2025). 

Influence of Baker’s Yeast and Aspergillus oryzae on growth and microbial composition of Silver 

Carp (Hypophthalmichthys molitrix). Veterinary and Zootechnical Sciences, 1(2), 131–144.  

DOI: https://doi.org/10.64614/vzs-16 

 

 

https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.aquaculture.2018.10.030
https://doi.org/10.1016/j.fsi.2022.01.022
https://doi.org/10.56612/ijaaeb.v1i1.190
https://doi.org/10.1017/S0007114514002037
https://doi.org/10.3390/life12101582
https://doi.org/10.3390/ijerph19106067
https://doi.org/10.56946/jzs.v1i2.246
https://doi.org/10.1111/jpn.13951
https://doi.org/10.1111/raq.12071
https://doi.org/10.64614/vzs-16


 
   

                                                 2026 The Author (s). This work is licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0).           

  

                                                       76 

 

Malik, S., Hussain, S. & Waqas, M.S. (2020). Effect of water quality and different meals on 

growth of Catla catla and Labeo rohita. Big Data in Water Resource Engineering, 1, 1-5.  

DOI: https://doi.org/10.26480/bdwre.01.2020.01.05 

 

Memon, N. A., & Kasbit, D. (2016). Fish consumption in Pakistan lowest in the world. Korea, 25, 

18-321. 

 

Morshedi, V., N. Agh, F. Noori, F. Jafari, A. Tukmechi, Marammazi, J.G. & Pagheh, E. (2018). 

Effects of dietary Xylooligosaccharide on growth and feeding performance, body composition 

and physiological responses of Sobaity Seabream (Sparidentex hasta) juvenile. Aquaculture 

Nutrition, 24, 1796-1803.  

DOI: https://doi.org/10.1111/anu.12818 

 

Naylor, R., Fang, S. & Fanzo, J. (2023). A global view of aquaculture policy. Food Policy, 116, 

102-422.  

DOI: https://doi.org/10.1016/j.foodpol.2023.102422 

 

Nazir, A., Parveen, S., Rasool, F., Haneef, A., Nosheen, D., Ghaffar, S. & Haroon, M. (2025). 

Effect of Grape Seed (Vitis vinifera) Extract on growth and blood parameters of 

Ctenopharyngodon idella (Grass carp) and Carassius auratus (Goldfish). Veterinary and 

Zootechnical Sciences, 1(2), 172–184. 

DOI: https://doi.org/10.64614/vzs-18 

 

Prakoso, Y.A., Babazadeh, D. & Wijayanti, A.D. (2023). Potency of Desert Rose (Adenium 

obesum (Forssk.) Roem. and Schult.) Flower extract against artificially induced Furunculosis in 

Oranda goldfish (Carassius auratus auratus). Pakistan Veterinary Journal, 43, 339-344.  

DOI: https://doi.org/10.29261/pakvetj/2023.024 

Saravanan, M., Prabhu, K.K. & Ramesh, M. (2011). Hematological and biochemical responses 

of freshwater Teleost fish (Cyprinus carpio) during acute and chronic sub-lethal exposure to 

lindane. Pesticide Biochemistry and Physiology, 100, 206-211.  

DOI: https://doi.org/10.1016/j.pestbp.2011.04.002 

 

Shimoda, K., Hamada, H. & Hamada, H. (2011). Synthesis of Xylooligosaccharides of daidzein 

and their anti-oxidant and anti-allergic activities. International Journal of Molecular Sciences, 

12, 5616 - 5625.  

DOI: https://doi.org/10.3390/ijms12095616 

 

Tacon, A.G. (2022). Trends in global aquaculture and aqua-feed production: 2000-2017. Reviews 

in Fisheries Science and Aquaculture, 1, 43-56.  

DOI: https://doi.org/10.1080/23308249.2019.1649634 

 

Verdegem, M., Buschmann, A.H., Latt, U.W., Dalsgaard, A.J. & Lovatelli, A. (2023). The 

contribution of aquaculture systems to global aquaculture production. Journal of the World 

Aquaculture Society, 2, 206-250.  

DOI: https://doi.org/10.1007/s12571-021-01246-9 

 

Witeska, M., Kondera, E., Lugoswska, K. & Bojarski, B. (2022). Hematological methods in fish-

not only for beginners. Aquaculture, 547, 737498.  

DOI: https://doi.org/10.1016/j.aquaculture.2021.737498 

 

 

 

https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.26480/bdwre.01.2020.01.05
https://doi.org/10.1111/anu.12818
https://doi.org/10.1016/j.foodpol.2023.102422
https://doi.org/10.64614/vzs-18
https://doi.org/10.29261/pakvetj/2023.024
https://doi.org/10.1016/j.pestbp.2011.04.002
https://doi.org/10.3390/ijms12095616
https://doi.org/10.1080/23308249.2019.1649634
https://doi.org/10.1007/s12571-021-01246-9
https://doi.org/10.1016/j.aquaculture.2021.737498


 
   

                                                 2026 The Author (s). This work is licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0).           

  

                                                       77 

 

Zhang, Z.H., Chen, M., Xie, S.W., Chen, X., Liu, Y., Tian, L. & Niu, J. (2020). Effects of dietary 

Xylooligosaccharide on growth performance, enzyme activity and immunity of juvenile Grass 

Carp, Ctenopharyngodon idellus. Aquaculture Reports, 18, 100519.  

DOI: https://doi.org/10.1016/j.aqrep.2020.100519 

 

Zhang, C., Jiang, D., Shi, H., Zhang, C., Yang, F., Qi, Q. & Xu, R. (2024). Protective effect of 

Fructooligosaccharide against oxidative stress and apoptosis induced by Aeromonas hydrophila 

in Megalobrama amblycephala. BMC Genomics, 25, 975.  

DOI: https://doi.org/10.1186/s12864-024-10881-3 

 

Zhou, D., Zhang, T., Ren, L., Fang, D.A. & Xu, D.P. (2022). Differential study of microbiota in 

the gill and intestine of Silver Carp (Hypophthalmichthys molitrix) from the algae-dominated and 

hydrophyte-dominated areas of Taihu lake, China. Fishes, 7, 304.  

DOI: https://doi.org/10.3390/fishes7060304 

 

Zu, B., Li, W., Yang, Q., Guo, J., An, J., Li, J. & Mei, X. (2023). Ingestion of microplastics by 

Silver Carp (Hypophthalmichthys molitrix) larvae: Quantification of ingestion and assessment of 

microbiota dysbiosis. Aquatic Toxicology, 257, 106475.  

DOI: https://doi.org/10.1016/j.aquatox.2023.106475 

 

 

https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.aqrep.2020.100519
https://doi.org/10.1186/s12864-024-10881-3
https://doi.org/10.3390/fishes7060304
https://doi.org/10.1016/j.aquatox.2023.106475


 
   

                                                 2026 The Author (s). This work is licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0).           

  

78 

 
 
 

Hande BODUROĞLU ŞAHİN¹*✉ , Belgi DİREN SIĞIRCI2✉  
 

1İstanbul Üniversitesi-Cerrahpaşa Rektörlüğü, Lisansüstü Eğitim Enstitüsü Üniversite Mahallesi 

Üniversite Caddesi No:7, 34320 Avcılar/İstanbul, Türkiye 
2İstanbul Üniversitesi-Cerrahpaşa Veteriner Fakültesi, Mikrobiyoloji Anabilim Dalı, 

Büyükçekmece, İstanbul, Türkiye 
*Correspondence: hande.boduroglu@ogr.iuc.edu.tr 

 

Received: 09.05.2026      Accepted: 01.06.2026   Published: 25.06.2026 

  

 

 
 
 

Özet: Sığır mastitis kontrolünde mevcut ve alternatif tedavi yaklaşımları, artan antimikrobiyal 

direnç ve antibiyotik kalıntılarıyla ilişkili halk sağlığı riskleri nedeniyle önem kazanmıştır. 

Mastitis, süt verimini azaltarak, tedavi maliyetlerini artırarak ve hem klinik hem de subklinik 

formlarda erken kesime neden olarak önemli ekonomik kayıplara yol açmaktadır. Bu derleme, 

immünoterapi, aşılar, nanopartikül teknolojisi, bakteriyosinler, bakteriyofajlar ve bitkisel ürünler 

de dahil olmak üzere antibiyotiklere alternatif olarak geliştirilen stratejileri kapsamlı bir şekilde 

ele almakta ve etkinliklerini, sınırlamalarını ve klinik uygulanabilirliklerini değerlendirmektedir. 

İmmünoterapi ve aşı çalışmalarında, humoral ve hücresel bağışıklığı uyarmak için sitokin 

uygulamaları, mRNA tabanlı yaklaşımlar ve alt birim aşıları değerlendirilmiştir; ancak, meme 

dokusunun benzersiz immünolojisi, patojenler tarafından biyofilm oluşumu ve hücre içi 

lokalizasyon nedeniyle koruma sınırlı kalmaktadır. Nanopartiküller, biyofilm penetrasyonu ve 

hedeflenmiş ilaç dağıtımı için umut vericidir, ancak doku toksisitesi ve yetersiz uzun vadeli 

güvenlik verileri önemli dezavantajlar olmaya devam etmektedir. Nisin ve laktasin 3147 gibi 

bakteriyosinler, sütte kısa bekleme süreleri ve direnç gelişme riskinin düşük olması nedeniyle 

dikkat çekerken, uçucu yağlar ve propolis de dahil olmak üzere bitkisel ürünler erişilebilirlik ve 

güvenlik açısından avantajlar sunmaktadır. Bakteriyofajlar spesifik aktivite gösterse de, dar 

spektrum ve stabilite sorunlarıyla sınırlıdırlar. Sonuç olarak, çoğu alternatif yaklaşım deneyseldir 

ve kombinasyon stratejileri (örneğin, nanopartikül-bitkisel aktif madde veya bakteriyosin-

immünoterapi) tek kullanımlık uygulamalara kıyasla üstün etkinlik sağlayabilir. Bu nedenle, 

randomize saha çalışmaları, güvenlik profilleri ve maliyet-etkinlik analizlerine acilen ihtiyaç 

duyulmaktadır. Antibiyotik bağımlılığını azaltmak için entegre sürü yönetimi ve Tek Sağlık 

yaklaşımı çerçevesinde çok yönlü stratejiler geliştirilmelidir. 
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immunotherapy and vaccine studies, cytokine applications, mRNA-based approaches, and 

subunit vaccines were evaluated to stimulate humoral and cellular immunity; however, protection 

remains limited due to mammary tissue's unique immunology, biofilm formation by pathogens, 

and intracellular localization. Nanoparticles are promising for biofilm penetration and targeted 

drug delivery, but tissue toxicity and insufficient long-term safety data remain major 

disadvantages. Bacteriocins, such as nisin and lactacin 3147, attract attention due to short 

withdrawal periods in milk and low risk of resistance development, while herbal products, 

including essential oils and propolis, offer advantages in accessibility and safety. Although 

bacteriophages exhibit specific activity, they are limited by a narrow spectrum and stability issues. 

In conclusion, most alternative approaches are experimental, and combination strategies (e.g., 

nanoparticle–herbal active substance or bacteriocin–immunotherapy) may provide superior 

efficacy compared to single-use applications. Therefore, randomized field studies, safety profiles, 

and cost-effectiveness analyses are urgently needed. Multifaceted strategies should be developed 

within integrated herd management and the One Health approach to reduce antibiotic dependence. 

 

Keywords: Mastitis, antimicrobial resistance, nanoparticles, bacteriophages, immunotherapy 

 

GİRİŞ 

Mastit, süt sığırlarında meme bezinin inflamasyonu ile karakterize, süt verimi ve 

süt kalitesini olumsuz etkileyen önemli bir hastalıktır. Her ne kadar farklı evcil hayvan 

türlerinde görülebilse de özellikle süt sığırcılığında dünya çapında en yaygın ve ekonomik 

açıdan en önemli sağlık problemlerinden biri olarak değerlendirilmektedir (Cheng ve 

Han, 2020; Morales-Ubaldo ve ark., 2023). Süt üretimindeki azalma mastitin en belirgin 

ekonomik sonucu olsa da hastalığın uzun dönemli etkileri de göz ardı edilmemektedir. 

Mastit geçiren hayvanların önemli bir kısmı tedavi sonrasında önceki verim düzeyine tam 

olarak ulaşamamakta, bu durum ise sürü verimliliğinin düşmesine ve ek iş gücü 

kayıplarına yol açmaktadır. Örneğin, İrlanda’da toplu süt somatik hücre sayısında 

%30’luk bir azalma, yıllık yaklaşık 37,7 milyon € gelir kaybına yol açabilmektedir (Geary 

ve ark., 2012). Türkiye’de 2019 yılında yapılan bir çalışmada, mastit nedeniyle oluşan 

ekonomik kayıpların ülke süt sektöründe ciddi boyutlara ulaştığı bildirilmiştir. Yıllık 

yaklaşık 400 bin tonluk doğrudan süt verim kaybı ile birlikte toplam kaybın 815 bin ton 

süt eşdeğerine ulaştığı ve bunun yaklaşık 1,4 milyar TL düzeyinde ekonomik zarara neden 

olduğu belirtilmiştir (Sarıözkan, 2019). Mastitin önlenmesinde sağım hijyeni, meme başı 

dezenfeksiyonu ve ekipman bakımının düzenli olarak yapılması kritik öneme sahiptir. 

Mastit olgularının tedavisinde en sık başvurulan yöntem antibiyotik 

uygulamalarıdır (Cheng ve Han, 2020). Bununla birlikte, antibiyotiklerin yaygın ve 

bilinçsiz kullanımı antimikrobiyal direnç gelişimini hızlandırmakta; bu durum yalnızca 

hayvan sağlığını değil, aynı zamanda halk sağlığını da etkileyen önemli bir sorun olarak 
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değerlendirilmektedir (Naranjo-Lucena ve Slowey, 2023). Bu durum, antibiyotik 

kullanımını azaltmaya ve tedaviye bağlı olumsuz etkileri sınırlandırmaya yönelik 

alternatif yaklaşımlara olan ilgiyi artırmıştır. Günümüzde immünoterapi, bakteriyosinler, 

bitkisel ürünler ve nanopartikül temelli uygulamalar mastit kontrolünde üzerinde en fazla 

çalışılan yöntemler arasında yer almaktadır (Morales-Ubaldo ve ark., 2023; Stanek ve 

ark., 2024). 

Mastit vakalarında en sık izole edilen patojenler Staphylococcus aureus, koagülaz-

negatif stafilokoklar (CoNS), Escherichia coli, Streptococcus agalactiae ve 

Streptococcus uberis’tir. S. aureus, yaklaşık %25’lik prevalans oranıyla ilk sırada yer 

almaktadır (Krishnamoorthy ve ark., 2021). Bazı vakalarda "son çare" ilaçlara karşı bile 

direnç gelişmesi, immünoterapi ve nanopartiküller gibi alternatif yaklaşımların 

gerekliliğini ortaya koymaktadır. 

Bu derlemede, sığır mastitde antibiyotik kullanımına alternatif olarak geliştirilen 

immünoterapi, nanopartikül uygulamaları, bitkisel ürünler ve bakteriyosin temelli 

yöntemler ele alınmıştır. Bu yaklaşımlar etkinlikleri, sınırlılıkları ve klinik kullanıma 

uygunlukları açısından birlikte değerlendirilmiştir. Literatürde çoğu çalışmanın bu 

yöntemleri tek başına incelediği, doğrudan karşılaştırmalı değerlendirmelerin ise daha 

sınırlı olduğu görülmektedir. 

Mastitin Patogenezi  

Mastit, meme bezinde bulunan mikroorganizmalara karşı gelişen bir savunma 

reaksiyonudur. Lizozim, laktoferrin ve laktoperoksidaz gibi antimikrobiyal moleküller 

önemli bir rol oynamaktadır (Rainard ve Riollet, 2006; Wellnitz ve Bruckmaier, 2012). 

Nötrofiller, makrofajlar ve dendritik hücreler gibi bağışıklık hücreleri de savunma 

mekanizmasında etkilidir. Humoral ve hücresel bağışıklık yanıtları da enfeksiyonun 

kontrolünde rol oynamakta olup, bu süreçte interlökinler (IL) ve tümör nekroz faktörü 

alfa (TNF-α) gibi sitokinler görev almaktadır (Naranjo-Lucena ve Slowey, 2023; Stanek 

ve ark., 2024). Enfeksiyon genellikle konak savunma mekanizmalarının zayıfladığı 

durumlarda ortaya çıkar. Meme kanalı, fiziksel bir bariyer oluşturarak ve antimikrobiyal 

maddeler salgılayarak patojenlere karşı ilk savunma hattını oluşturur. Meme kanalının 

keratini, patojenlere bağlanarak hücre duvarında değişikliklere neden olmakta ve osmotik 

dengenin bozulmasına bağlı olarak bakteriyel lizise yol açabilmektedir (Rainard ve 

Riollet, 2006; Wellnitz ve Bruckmaier, 2012). Fakat patojenlerin meme başı kanalındaki 
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fiziksel ve kimyasal engelleri aşarak meme dokusuna invazyonuyla, konakçı savunması 

ve patojenler arasında dinamik bir mücadele başlamaktadır. Süreç, bakterilerin meme 

epitel hücrelerine adezyon mekanizmalarıyla tutunmasıyla stratejik bir kolonizasyona 

evrilmektedir (Zhao ve Lacasse, 2008). Bakteriyel yapıların konakçı hücrelerdeki 

reseptörler tarafından tanınması, yangısal sinyal yolaklarını aktive eder. Bu süreç, 

proinflamatuar sitokinlerin yoğun salınımını tetikleyerek memenin yalnızca bir salgı bezi 

olmadığını, aynı zamanda bağışıklık yanıtında aktif rol oynadığını göstermektedir 

(Rainard ve Riollet, 2006). Bu moleküler alarm sinyalleri, vasküler geçirgenliği artırarak 

kandaki nötrofillerin meme dokusuna ve süte yoğun göçünü (diyapedez) sağlar. 

Nötrofillerin bakterileri yok etmek için kullandığı reaktif oksijen türleri ve proteolitik 

enzimler, patojenlerle birlikte sağlıklı süt üreten alveol hücrelerine de zarar vererek kan-

süt bariyerinin bozulmasına ve süt veriminin ciddi şekilde düşmesine yol açar (Wellnitz 

ve Bruckmaier, 2012). Özellikle S. aureus gibi patojenlerin biyofilm oluşturma kapasitesi 

ve hücre içi lokalizasyonu hem konak bağışıklık yanıtından hem de antibiyotik 

tedavisinden kaçışa neden olarak enfeksiyonun kronikleşmesine katkıda bulunur. Söz 

konusu durum, mastit tedavisinde antibiyotik başarısızlığının temel nedenlerinden biri 

olarak kabul edilmektedir. Bu da dokuda geri dönüşümsüz fibrozis oluşmasına neden olan 

temel patofizyolojik mekanizmadır (Zhao ve Lacasse, 2008; Rainard ve Riollet, 2006). 

Mastit; klinik (CM), subklinik (SCM) ve kronik olarak sınıflandırılmaktadır. Klinik 

mastit (CM) memede kızarıklık, ödem ve süt görünümünde değişikliklerle 

belirlenebilirken, subklinik mastit (SCM) belirti göstermeden somatik hücre sayısında 

artış ve süt veriminde azalma ile karakterizedir. Klinik mastit (CM) görülen süt 

ineklerinde hastalığın belirtileri gözle fark edilebildiğinden, veteriner hekimler tarafından 

hızlı bir şekilde müdahale edilebilmektedir. Bu sayede uygulanan etkin kontrol ve 

yönetim stratejileri ile CM insidansında dünya genelinde belirgin bir azalma sağlanmıştır. 

Buna karşın, subklinik mastit (SCM) olgularında enfekte hayvanlar herhangi bir belirgin 

klinik semptom sergilemedikleri için çoğu zaman işletme sahipleri tarafından fark 

edilmeden kalabilmektedir. Mevcut çalışmalar, SCM prevalansının CM’ye kıyasla 

yaklaşık 15–40 kat daha yüksek olduğunu göstermektedir (Pilla ve ark., 2013). Ayrıca, 

subklinik mastitin yol açtığı ekonomik kayıpların klinik mastite göre daha fazla olduğu 

bildirilmektedir (Chen ve ark., 2022).  
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Antibiyotik ve Direnç 

Dünya genelinde yapılan çalışmalar, sığır mastit vakalarından en sık izole edilen 

bakterilerin Staphylococcus aureus, koagülaz-negatif stafilokoklar (CoNS), Escherichia 

coli, Streptococcus agalactiae ve Streptococcus uberis olduğunu göstermektedir. Bu 

etkenler arasında en yüksek prevalans S. aureus için yaklaşık %25 olarak rapor edilmiştir; 

diğer patojenlerin prevalansları ise bölgesel farklılıklar göstermektedir (Krishnamoorthy 

ve ark., 2021). Çevresel bakteriler arasında yatay gen transferiyle direnç genlerinin 

yayılabildiği görülmektedir. Bu patojenler, meme dokusunda oluşturdukları kolonizasyon 

ve tedaviye dirençli yapılarıyla süt verimini doğrudan baltalayan başlıca unsurlardır. 

Dünya genelinde süt sığırlarında yapılan çalışmalarda β-laktamlar (özellikle penisilinler 

ve sefalosporinler), makrolidler, tetrasiklinler ve aminoglikozidlere karşı direnç yaygın 

olarak görülmektedir (Oliver ve Murinda, 2012). Avrupa’da mastitli hayvanlar üzerinde 

yapılan bir derlemede çeşitli antibiyotiklere karşı direnç tespit edilmiştir. Mastitli 

sığırlardan izole edilen E. coli, Klebsiella pneumoniae, Staphylococcus ve Streptococcus 

türlerinde antibiyotik direncinin giderek arttığı ve önemli bir tehdit oluşturduğu 

vurgulanmaktadır. Özellikle β-laktam antibiyotiklere karşı gelişen dirençte TEM, SHV ve 

CTX-M gibi β-laktamaz enzimleri ile birlikte ESBL, AmpC ve karbapenemaz üretimi 

dikkat çekmektedir. Ayrıca MRSA varlığı ve mecA/mecC genleri stafilokoklardaki 

direncin önemini artırmaktadır. Direnç genlerinin yayılımında yatay gen transferi (HGT) 

kritik öneme sahiptir. Staphylococcus türlerinde en sık görülen direnç genleri blaZ, mecA 

ve mecC, tet(K), tet(L), erm(B), erm(C) ile aphA3, aacA-aphD genleridir. Streptococcus 

türlerinde ise tet(M), erm(B) genleri yaygın olarak rapor edilmektedir. Bu genlerin 

aktarımı plazmitler, transpozonlar, integronlar ve SCCmec gibi hareketli genetik 

elementler aracılığıyla gerçekleşmektedir. Direnç genlerinin bakteriler arasında kolayca 

transfer olması, sığır mastitisinde tedavi başarısını önemli ölçüde azaltmaktadır. Bu 

durum direnç genlerinin bakteriler arasında hızlı yayılmasına neden olmakta ve çoklu ilaç 

direnci (MDR) gelişimini destekleyerek hem hayvan hem de insan sağlığı açısından 

önemli bir sağlık riski oluşturmaktadır (Naranjo-Lucena ve Slowey, 2023).  

Sığır mastit vakalarında antibiyotik direnci hem tedavi maliyetlerini artıran hem de 

halk sağlığı açısından risk oluşturan önemli bir sorun haline gelmiştir. Farklı coğrafi 

bölgelerde yapılan çalışmalar bu sorunun yaygınlığını açıkça ortaya koymaktadır. 

Tunus’ta mastitli hayvanlardan izole edilen koliform grubu bakterilerde genişlemiş 
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spektrumlu beta-laktamaz (ESBL) genlerinin varlığı gösterilmiş ve tüm izolatlarda 

blaCTX-M-15 geni tespit edilmiştir. Ayrıca bu izolatlarda tetrasiklin, sülfonamid-

trimetoprim, gentamisin ve enrofloksasine karşı fenotipik direnç belirlenmiş olup, bu 

durum çoklu ilaç direncinin (MDR) yaygınlığına işaret etmektedir (Saidani ve ark., 2018). 

Bu direnç profili, bölgede mastit tedavisinde yaygın olarak kullanılan antibiyotiklerle 

uyumludur. Benzer şekilde, Çin’de yapılan çalışmalarda S. aureus izolatlarının büyük bir 

çoğunluğunun penisiline dirençli olduğu ve bu direncin yüksek oranda blaZ geni ile 

ilişkili olduğu bildirilmiştir. Ayrıca metisilin dirençli S. aureus (MRSA) suşlarının varlığı 

ve gram-negatif bakterilerde gözlenen direnç oranları, mastit etkenlerinde antibiyotik 

direncinin yaygınlığını göstermektedir. Bunun yanı sıra, bazı izolatlarda kolistine karşı 

gelişen direnç, son çare antibiyotiklerin etkinliğinin de tehdit altında olduğunu 

göstermektedir (Chen ve ark., 2022). Türkiye’de yapılan çalışmalarda da mastit 

etkenlerinde dikkat çekici düzeyde antibiyotik direnci bildirilmektedir. Özellikle S. 

aureus ve koagülaz negatif stafilokok izolatlarında β-laktam grubu antibiyotiklere karşı 

yüksek direnç oranları saptanırken, bazı çalışmalarda çoklu ilaç direncine sahip 

izolatların varlığı da bildirilmiştir (Yalçın ve ark., 2024; Güler ve ark., 2005). Türkiye’nin 

Ege Bölgesi'ndeki süt sığırı işletmelerinde yapılan bir çalışmada, subklinik mastitli 

ineklerde spesifik etkenlerin varlığı ve bu etkenlerin antibiyotik duyarlılık profilleri 

ortaya konmuştur (Nuhay, 2025). Bu bulgular, mastit etkenlerinde antimikrobiyal direnç 

gelişiminin Türkiye’de de önemli bir sorun olduğunu göstermektedir.  

Mastit’e Karşı Koruma: Alternatif Yaklaşımlar 

Son yıllarda, mastitin kontrolüne yönelik alternatif yaklaşımlar giderek daha fazla 

araştırılmaktadır. Bu yaklaşımlar arasında aşılar, T/B hücre immünoterapisi, RNA 

immünoterapisi, epigenetik immünoterapi, kök hücre tedavisi ve doğal salgı faktörleri yer 

almakta; immünoterapi ile immünoprofilaksi giderek daha ön plana çıkmaktadır. Mastitin 

önlenmesinde, uygun yetiştirme uygulamalarıyla hastalığın ortaya çıkmasını engellemek 

önem taşımaktadır. Önümüzdeki yıllarda, antibiyotik tedavisine alternatif olarak 

uygulanabilecek evrensel tedavi stratejilerinin geliştirilmesi önem taşımaktadır. Bu 

doğrultuda, immünoterapiler, bakteriyosinler, bitkisel tedaviler ve nanopartikül 

teknolojisi gibi önleyici ve tedavi edici yaklaşımların geliştirilmesine öncelik verilmesi 

gerekmektedir (Castro-Valenzuela ve ark., 2025). 
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İmmunoterapi 

Spesifik olmayan aktif sitokin immünoterapisi, sığırlarda bağışıklık yanıtını 

başlatmak amacıyla kullanılmaktadır. Bu yaklaşım hem humoral hem de hücresel 

bağışıklığı uyarabilmekte ve konakçının enfeksiyon etkenine karşı normal immün 

yanıtını taklit etmektedir. Ek tedavilerle birlikte uygulandığında, özellikle bağışıklık 

sistemi zayıflamış bireylerdeki mastit vakalarında etkinliği artırabilmektedir (Stanek ve 

ark., 2024; Daley ve ark., 1992). 

Ancak bu yaklaşımların büyük kısmı henüz saha uygulamasına geçmemiş olup, 

klinik uygulanabilirlikleri sınırlıdır. RNA immünoterapisi, özellikle mRNA temelli aşılar 

veya RNA düzenleyici moleküller aracılığıyla bağışıklık sistemine antijen sunumunu 

artırarak hem T hem de B hücre yanıtlarını dolaylı olarak aktive edebilmektedir (Pardi ve 

ark., 2018). T hücre immünoterapisi, hücresel bağışıklığı güçlendirerek özellikle enfekte 

meme dokusunda patojenlere karşı sitotoksik yanıtın artırılmasını hedeflerken, B hücre 

aracılı yaklaşımlar, spesifik antikor üretimini teşvik ederek bakterilerin nötralizasyonunu 

ve opsonizasyonunu kolaylaştırmayı amaçlamaktadır (Stanek ve ark., 2024). Bununla 

birlikte, mastit bağlamında bu immünoterapi yaklaşımlarının doğrudan klinik 

uygulamalarına ilişkin çalışmalar sınırlı olup, mevcut literatürde araştırmaların büyük 

ölçüde deneysel ve erken aşamada olduğu bildirilmektedir (Cheng ve Han, 2020). RNA 

temelli düzenleyici mekanizmaların mastit patogenezindeki rolüne ilişkin çalışmalar 

giderek artmaktadır. Klinik uygulamaya en yakın olan immünoterapi seçeneği, sitokin 

bazlı immünoterapilerdir; bunlar bazı vakalarda yardımcı tedavi olarak sınırlı saha 

deneyimine ulaşmıştır. RNA temelli veya hücre bazlı immünoterapiler ise halen deneysel 

aşamada olup, yaygın klinik kullanım için daha fazla çalışmaya ihtiyaç duyulmaktadır. 

Bu nedenle immünoterapötik yaklaşımların etkinliği, güvenliği ve saha uygulamalarına 

uygunluğu açısından ileri düzey araştırmalara ihtiyaç duyulmaktadır. 

Aşılama 

Yaklaşık yetmiş yıldır süregelen mastit aşı çalışmaları; temel olarak koliformlar, 

streptokoklar ve S. aureus olmak üzere üç ana patojen grubuna odaklanmıştır. Bu süreçte 

birinci nesil inaktive ve modifiye canlı aşılardan, ikinci nesil rekombinant antijen 

teknolojisi ve subunit (alt ünite) aşılarına kadar geniş bir teknolojik yelpaze kullanılmıştır. 

Ancak, modifiye canlı aşılar dışındaki yöntemlerin büyük oranda yalnızca humoral 

bağışıklığı uyarması ve bu yanıtın patojenlerle mücadelede yetersiz kalması, aşı 
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çalışmalarının istenilen başarıya ulaşamamasındaki başlıca nedenlerden biri olarak 

değerlendirilmektedir; zira hem humoral hem de hücresel bağışıklığı eş zamanlı 

uyarabilen canlı ve inaktif kimerik aşıların bu noktada daha avantajlı olduğu 

bilinmektedir. Güncel meta-analiz verileri, aşı etkinliğinin konakçı faktörlerinden ve 

uygulama zamanından doğrudan etkilendiğini doğrulamaktadır; doğum sonrası yapılan 

aşılamaların düşük etkinlik sergilediği, konağın maruz kaldığı etken sayısı arttıkça 

(yüksek laktasyon sayılı inekler) aşının düvelerdeki kadar etkili olamadığı ve patojenlerin 

zamanla artan virülansına karşın aşıların koruyuculuğunun yıllar içinde azalan bir eğilim 

gösterdiği saptanmıştır (Mata ve ark., 2023). 

  Sığır Mastit Aşılarında Mevcut Durum, Teknik Engeller ve Gelecek 

Stratejileri 

Meme bezinin kendine özgü immünobiyolojik yapısı ve konakçı-patojen 

etkileşimindeki karmaşıklıklar nedeniyle, enfeksiyonun tamamen engellenmesi hedefine 

henüz ulaşılamamıştır (Rainard ve ark., 2022). Mevcut aşıların sınırlı başarısının 

temelinde 3 ana engel bulunmaktadır. İlk olarak, meme bezinin fizyolojik yapısı 

bağışıklık yanıtının etkinliğini azaltabilmektedir. İkinci olarak, bakterilerin hücre içi 

yerleşim göstermesi, biyofilm oluşturması ve antijenik çeşitlilik sergilemesi aşı 

etkinliğini sınırlandırmaktadır. Üçüncü olarak, geleneksel aşıların koruyucu hücresel 

bağışıklığı yeterince oluşturamaması kalıcı başarıyı güçleştirmektedir. Bu nedenle 

mevcut ticari aşılar, enfeksiyonları tamamen önlemekten çok klinik vakaların şiddetini, 

sistemik semptomları ve sürüdeki hastalık yükünü azaltmaya yönelik olarak 

kullanılmaktadır (Freick ve ark., 2016; Ismail, 2017). Bu nedenle mastit aşılarının 

geliştirilmesi halen önemli bir zorluk olarak kabul edilmektedir. 

Patojen bazlı yaklaşımlar incelendiğinde, S. aureus aşılarının karşılaştığı en büyük 

engelin bakterinin hücre içi yerleşim yeteneği ve biyofilm oluşturma kapasitesi olduğu 

görülmektedir. Rainard ve ark. (2022), bu mekanizmaların aşıyla uyarılan humoral 

yanıtın etkinliğini kısıtladığını vurgularken; Ismail (2017) ve Denis ve ark. (2009) mevcut 

ticari S. aureus aşılarının (örn. Startvac) yeni enfeksiyonları önlemede heterojen sonuçlar 

verdiğini, ancak enfekte ineklerde somatik hücre sayısını regüle ederek kendiliğinden 

iyileşme oranlarını artırdığını belirtmektedir. Öte yandan, Freick ve ark. (2016), bu 

aşıların saha denemelerindeki metodolojik zayıflıklara dikkat çekerek, her işletme için 

ekonomik yüklerinin sorgulanması gerektiğini savunmaktadır. 
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Gram-negatif bakterilerin, özellikle E. coli'nin neden olduğu akut mastit 

vakalarında, J-5 (çekirdek antijen) aşıları literatürde en yüksek yanıt düzeyine sahip grup 

olarak tanımlanmaktadır. Bu aşılar, bakteriyel kolonizasyonu tam olarak engellememekle 

birlikte, endotoksemiye bağlı olarak gelişen yüksek ateş, süt kaybı ve mortalite gibi 

sistemik semptomları belirgin şekilde azaltmaktadır (Ismail, 2017). Ancak bu aşıların 

stratejik önemi yetiştirme yöntemine göre değişkenlik göstermektedir. Örneğin, kapalı 

sistem yetiştiriciliğinde kritik bir koruma sağlayan J-5 aşıları, Yeni Zelanda gibi çevresel 

patojen baskısının nispeten daha düşük olduğu mera bazlı sistemlerde, maliyet-fayda 

analizi doğrultusunda düşük öncelikli bir uygulama olarak kabul edilmektedir (Denis ve 

ark., 2009). 

Özellikle mera sistemlerinde en büyük sorunu teşkil eden S. uberis, hem çevresel 

hem de bulaşıcı karakteri ve yüksek genetik çeşitliliği ile aşı geliştirme süreçlerini en çok 

zorlayan patojendir. Leigh ve ark. (2002) bu bakteriye karşı geliştirilen mevcut aşı 

seçeneklerinin (örn. UBAC) klinik şiddeti azaltabildiğini, ancak suşlar arası koruma 

sağlamada yetersiz kaldığını bildirmiştir. Yazarlar gelecekteki aşı tasarımlarının 

bakterinin memeye tutunmasını sağlayan PauA (plasminojen aktivatörü) gibi spesifik 

virülans faktörlerini hedeflemesi ve yalnızca kanda değil, meme dokusundaki yerel 

mukoza bağışıklığını (IgA) da uyarması gerektiğini savunmaktadır (Rainard ve ark., 

2022). 

Sonuç olarak, sütün bizzat kendisinin yarattığı fagositoz engelleri ve enerji 

kısıtlamaları ile geleneksel aşıların yanlış bağışıklık yolaklarını (Th2) tetiklemesi, mevcut 

biyolojik çıkmazın temelini oluşturmaktadır. Bu nedenle mastit aşılaması; kuru dönem ve 

erken laktasyon risklerini kapsayacak şekilde doğru zamanlanmalı, sürüdeki spesifik 

patojen prevalansına göre özelleştirilmeli ve sağım hijyeni standartlarından ödün 

verilmeden uygulanmalıdır (Ismail, 2017; Denis ve ark., 2009). 

Nanopartiküller 

Nanoteknoloji, materyallerin nanometre ölçeğinde (1-100 nm) kontrol edilmesini 

ve manipüle edilmesini içeren tıp ve veteriner hekimlikte devrim yaratan bir alandır. 

Nanopartiküller (NP) sahip oldukları ultra küçük boyutlar sayesinde geleneksel ilaçların 

aşamadığı kan-meme bariyeri gibi biyolojik engelleri aşma yeteneğine sahiptir. Bu 

sistemler, makalede ele alınan diğer alternatif yöntemlerden farklı olarak hem aktif 
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antibakteriyel ajanlar hem de akıllı ilaç taşıyıcı sistemler olarak işlev görür (Yadav ve 

ark., 2022). 

Özellikle metalik nanopartiküller (gümüş, bakır, çinko vb.), bakteri hücre duvarını 

fiziksel olarak tahrip ederek veya reaktif oksijen türleri (ROS) oluşturarak etki gösterir 

(Krishnamoorthy ve ark., 2021). Bu mekanizma, bakterilerin nanopartiküllere karşı 

direnç geliştirmesini oldukça zorlaştırmaktadır. Mastit tedavisindeki en kritik 

avantajlarından biri, hücre içi taşınmayı kolaylaştırmasıdır. Bu yaklaşımla NP’ler konakçı 

hücrelerin (makrofajlar vb.) içine sızar ve antibiyotiklerin ulaşamadığı S. aureus gibi 

intrasellüler patojenlere doğrudan nüfuz eder. İlacın doğrudan enfeksiyon odağına 

salınması, hem gereken doz miktarını düşürerek sistemik toksisiteyi azaltmakta hem de 

sütün antibiyotik kontaminasyon riskini minimize ederek terapötik etkinliği 

artırabilmektedir (Majumder ve ark., 2023). 

Nanopartiküller, biyofilm oluşumunu engelleme ve hücre içi yerleşen bakterilere 

ilaç taşınmasını kolaylaştırma özellikleri sayesinde mastit tedavisinde dikkat 

çekmektedir. Özellikle kitosan, gümüş ve bakır nanopartiküllerinin biyofilm üzerindeki 

etkili olduğu bildirilmektedir (Lange ve ark., 2021). Ayrıca kontrollü ilaç salınımı 

sağlamaları ve enfeksiyon odağına hedeflenebilmeleri önemli avantajlar sunmaktadır. 

Bununla birlikte, metal nanopartiküllerin toksisite riski, dokularda birikme potansiyeli ve 

klinik güvenlik verilerinin yetersizliği nedeniyle bu yaklaşımlar halen deneysel 

aşamadadır. 

Bakteriyosin 

Bakteriyosinler, genellikle laktik asit bakterileri tarafından ribozomal olarak 

sentezlenen ve kendilerine yakın türdeki diğer bakteriler üzerinde öldürücü veya 

büyümeyi durdurucu etki gösteren biyoaktif proteinler veya peptit bileşikleridir (Pieterse 

ve Todorov, 2010). Nisin bakteriyosini stafilokok kaynaklı mastitte laktasyon döneminde 

etkili bir ajan olarak değerlendirilebilir (Fernández ve ark., 2008); biyofilm üreten sığır 

mastit patojenlerine karşı bakteriyosinlerin bazılarının in vitro denemelerde başarılı 

olduğu görülmüştür (Raheel ve ark., 2023). Bovicin HC5 gibi ruminal bakteriyosinler, 

mastit patojenlerine karşı karışık kültürlerde güçlü etkinlik göstermektedir (Godoy-

Santos ve ark., 2019). Nisin/laktisin 3147 gibi bakteriyosinlerin meme tıkacında veya 

meme dezenfeksiyonunda kullanılmasıyla direnç gelişiminin minimize edildiği 

görülmüştür (Pieterse ve Todorov, 2010). Laktisin 3147 üreten canlı Lactococcus lactis 
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DPC3147’nin klinik veya subklinik mastitte tek doz meme içi infüzyonla %47 sağaltım 

oranı sağladığı ve ticari antibiyotik Terrexine™’ye yakın sonuçlar verdiği saha çalışması 

bildirilmiştir (Maalaoui ve ark., 2025).  

Dezavantajları ise bakteriyosinlerin süt ve meme dokusundaki proteolitik enzimlere 

karşı hassas olmaları ve hızlı degradasyona uğramaları; dar spektrumlu olmaları 

nedeniyle bazı Gram-negatif patojenleri tam olarak kapsayamamalarıdır. Üretim ve 

saflaştırma maliyetleri yüksektir; pH, tuz ve sıcaklık gibi çevresel faktörlere duyarlıdır ve 

uzun süreli stabilite ile formülasyon sorunları yaşanır (Fernández ve ark., 2008; Raheel 

ve ark., 2023). Direnç gelişimi nadir olsa da teorik olarak bir risk taşır. Rutin kullanımda, 

önleme odaklı kullanımlarda canlı probiyotik emülsiyonlar oldukça pratiktir ve maliyet 

ile etkinlik dengesi açısından tercih edilebilir. Tek doz uygulamalar süt kesme süresini 

kısaltır, antibiyotik direncini minimize eder, tedavi amaçlı yaygın ticari kullanım için 

daha büyük çiftlik randomize saha denemeleri ve optimize edilmiş formülasyonlar 

gerekmektedir. Günümüzde deneysel veya araştırma aşamasında olup gelecek vadeden 

bir alternatif olarak değerlendirilmektedir (Pieterse ve Todorov, 2010; Maalaoui ve ark., 

2025). 

Bakteriyofaj 

Bakteriyofajlar, spesifik bakterileri enfekte ederek lizise uğratan virüslerdir ve 

özellikle antibiyotiklere dirençli mastit etkenlerine karşı potansiyel bir alternatif olarak 

değerlendirilmektedir. Faj tedavisinin en önemli avantajları arasında biyofilm 

içerisindeki bakterilere ulaşabilmesi, hedefe özgü etki göstermesi ve antibiyotik direncini 

artırmaması yer almaktadır. Özellikle S. aureus ve E. coli kaynaklı mastit olgularında 

deneysel çalışmalarda olumlu sonuçlar bildirilmiştir. Bununla birlikte, fajların konak 

bağışıklık sistemi tarafından elimine edilebilmesi, dar konak spektrumu ve standart 

formülasyon eksikliği klinik kullanımı sınırlayan temel faktörlerdir. Günümüzde faj 

tedavileri halen büyük ölçüde deneysel aşamadadır (Nale ve McEwan, 2023). 

Bitkisel Tedaviler 

Sığır mastiti ile mücadelede kullanılan bitkisel ürünler, içerdikleri doğal aktif 

maddelerin çok yönlü etkisi sayesinde, geleneksel antibiyotiklere karşı hem güvenli hem 

de yüksek performanslı bir alternatif sunmaktadır. Teknolojik haritalama çalışmaları ve 

sistematik incelemeler, özellikle kekik ve fesleğen gibi bitkilerde bulunan timol, 
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karvakrol ve sinnamaldehit gibi bileşenlerin, S. aureus ve E. coli gibi dirençli patojenlere 

karşı 0,5-2,0 mg/mL gibi oldukça düşük dozlarda bile %85’i aşan bir bakterisidal (bakteri 

öldürücü) başarı sergilediğini göstermektedir (Caneschi ve ark., 2023). Bununla birlikte, 

propolis ekstraktlarının meme içi yolla uygulanması, klinik denemelerde somatik hücre 

sayısını kontrol grubuna kıyasla %40-60 oranında düşürmeyi başarmıştır ve kronik 

vakalarda %70’e varan bir klinik iyileşme oranı elde etmiştir (Pereira ve ark., 2025). 

Beslenme yoluyla müdahale stratejilerinde ise, rasyona eklenen inulin gibi prebiyotiklerin 

rümen mikrobiyotasını düzenleyerek bütirat seviyelerini artırdığı, bu sayede subklinik 

mastitli ineklerde hem enfeksiyonu hafiflettiği hem de süt verimini %5-10 bandında geri 

kazandırdığı verilerle ortaya konmuştur (Wang ve ark., 2021; Wang ve ark., 2022). Başarı 

oranları açısından sonuçlar değişkenlik gösterebilir. Ticari bir preparat olan Phyto-Mast® 

ile yapılan bir çalışmada klinik iyileşme süresi antibiyotik grubuna göre kısalmış, ancak 

bakteriyolojik tedavi oranı üzerinde anlamlı bir üstünlük sağlanamamıştır (Pinedo ve ark., 

2013); Phyto-Bomat’ın ise bakteri ve maya negatifleşme oranlarında geleneksel 

tedavilere yakın ya da kombine kullanımlarda daha iyi sonuçlar verdiği rapor edilmiştir 

(Tomanić ve ark., 2024). Genel olarak in vitro başarı yüksekken, in vivo klinik iyileşme 

oranları %50–80 civarında değişmekte, bakteriyolojik tedavi ise daha düşük kalmaktadır 

(Lopes ve ark., 2020). 

Geleneksel antibiyotiklerin %30-50 oranında direnç geliştirme riski taşımasına 

karşın, bu doğal bileşiklerin çoklu etki mekanizmaları sayesinde direnç gelişimini 

minimize etmesi ve sütte "sıfır gün" arınma süresi (milk withdrawal) avantajı sağlaması, 

onları modern süt hayvancılığı için alternatif yaklaşımlar olarak değerlendirilmektedir 

(Debruyn ve ark., 2025; Ruegg, 2017). 

Alternatif yaklaşımlar karşılaştırıldığında, immünoterapiler daha çok bağışıklık 

yanıtını desteklemeyi hedeflerken, nanopartiküller ilaçların enfeksiyon odağına 

taşınmasını kolaylaştırmaktadır. Bitkisel ürünler ve bakteriyosinler ise doğal yapıları ve 

düşük direnç geliştirme potansiyelleriyle öne çıkmakta, ancak klinik etkinlikleri 

değişkenlik göstermektedir. Bu yöntemlerin ortak sınırlılığı, geniş ölçekli klinik 

çalışmaların yetersizliğiyle ilişkilidir. 

Pratik açıdan, bitkisel ürünler ve bakteriyosinler kısa vadede klinik uygulamaya en 

yakın ve erişilebilir alternatifler olarak öne çıkmaktadır. Özellikle bu yaklaşımlar, 

antibiyotik kalıntısı riski olmadan süt kesim süresini kısaltma ve direnç gelişimini önleme 
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avantajı sunmaktadır. Klinik pratikte hızlıca uygulanabilecek çözümler arayanlar için, 

mevcut verilere göre bu iki alternatif en umut vaat eden seçeneklerdir. 

 

SONUÇ 

Sığır mastitinde antibiyotik tedavisinin sınırlı etkinliği; biyofilm oluşumu, 

antimikrobiyal direnç gelişimi ve ilaç kalıntısı gibi nedenlerle alternatif tedavi 

yaklaşımlarına olan ilgiyi artırmıştır (Cheng ve Han, 2020; Morales-Ubaldo ve ark., 

2023). Son yıllarda immünoterapiler, nanopartiküller, bakteriyosinler, bitkisel ürünler ve 

bakteriyofaj uygulamaları üzerine yapılan çalışmalar dikkat çekmektedir (Naranjo-

Lucena ve Slowey; 2023; Stanek ve ark., 2024). Ancak bu yaklaşımların büyük kısmı 

halen deneysel aşamada olup, etkinlik ve güvenliklerinin saha koşullarında daha kapsamlı 

çalışmalarla desteklenmesine ihtiyaç vardır (Rainard ve ark., 2022; Majumder ve ark., 

2023).  Bakteriyosinler, özellikle nisin ve laktisin, Gram-pozitif mastit patojenlerine (S. 

aureus ve Streptococcus spp.) karşı in vitro ve in vivo çalışmalarda umut verici sonuçlar 

vermiştir (Pieterse ve Todorov, 2010; Fernández ve ark., 2008; Raheel ve ark., 2023). 

Laktisin 3147 üreten canlı L. lactis DPC3147’nin tek doz meme içi uygulaması ile 

%47’lik sağaltım oranına ulaşılması, ticari antibiyotiklere yakın bir etkinlik göstermiştir 

(Maalaoui ve ark., 2025). Ruminal bakteriyosinler (örneğin bovicin HC5) ise karışık 

kültürlerde patojen inhibisyonunda etkili oldukları bulunmuştur (Godoy-Santos ve ark., 

2019). Bu yaklaşımların avantajları arasında kısa süt kesme süresi, düşük direnç gelişim 

riski ve biyofilm penetrasyon kapasitesi yer almaktadır. Ancak proteolitik enzimlere karşı 

hızlı yıkımlanması in vitro çalışmalarda yüksek başarı gösterse de canlı hayvanlarda 

etkisinin yüksek oranda azalacağının düşünülmesine neden olmaktadır. Bu konuda canlı 

hayvanlar üzerinde yapılan çalışmalar yetersiz kalmaktadır. Ek olarak, dar spektrum, 

yüksek üretim maliyeti ve stabilite sorunları önemli sınırlılıklar olarak öne çıkmaktadır 

(Fernández ve ark., 2008). Bitkisel tedaviler ve esansiyel yağ bazlı preparatlar (Thymus 

vulgaris, Origanum vulgare vb.) antibakteriyel, antibiyofilm ve antioksidan etkileriyle 

dikkat çekmektedir (Caneschi ve ark., 2023). Kanola yağını taşıyıcı olarak kullanan bir 

ticari preparat ile yapılan çalışmalarda klinik iyileşme süresi antibiyotik grubuna göre 

kısalmıştır; T. vulgaris ve Thymus serpyllum içeren başka bir ticari preparat ise bakteri ve 

maya enfeksiyonlarında geleneksel tedavilere yakın sonuçlar vermiştir (Pinedo ve ark., 

2013; Tomanic ve ark., 2024). Bu yaklaşımların en önemli avantajları sütte kalıntı 

riskinin çok düşük olması, organik üretimle uyumlu olması ve direnç gelişim 
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potansiyelinin sınırlı olmasıdır (Caneschi ve ark., 2023; Lopes ve ark., 2020). 

Dezavantajları ise in vivo etkinlikte değişkenlik göstermektedir; standart dozaj ve 

formülasyon oluştururken zorluklar yaşanmaktadır (Pinedo ve ark., 2013; Lopes ve ark., 

2020). Nanopartiküller biyofilm oluşumunu engelleme, kontrollü salınım ve hedefe 

yönelik ilaç taşıma özellikleri sayesinde gelecek vadeden bir yöntemdir (Castro-

Valenzuela ve ark., 2025). Bununla birlikte, özellikle metal nanopartiküllerin doku 

toksisitesi, birikme riski ve güvenlik endişeleri nedeniyle klinik kullanıma geçmeden 

önce daha fazla in vivo çalışmaya ihtiyaç vardır (Krishnamoorthy ve ark., 2021). 

İmmünoterapi ve aşı yaklaşımları, hastalığın patogenezindeki bağışıklık boşluklarını 

hedef alması açısından teorik olarak güçlüdür (Stanek ve ark., 2024, Mata ve ark., 2023, 

Denis ve ark., 2009, Ismail, 2017, Rainard ve ark., 2022). Ancak mastitte farklı 

patojenlerin de etkili olması, memenin kendi immünolojik yapısı, mevcut aşıların yeni 

enfeksiyonları tam olarak önleyememesi, hücresel bağışıklık uyarımındaki yetersizlik ve 

saha uygulamalarındaki heterojen sonuçlar önemli sınırlılıklar oluşturmaktadır (Freick ve 

ark., 2016, Rainard ve ark., 2022). Genel olarak, bu yaklaşımlar arasında kombinasyon 

stratejileri (bakteriyosin + esansiyel yağ veya nanopartikül destekli formülasyonlar) 

dikkat çekici seçeneklerden biri olarak öne çıkmaktadır. Bu kombinasyonlar, tek başına 

kullanımlardaki dezavantajları azaltarak sinerjik etki yaratma potansiyeli taşımaktadır 

(Morales-Ubaldo ve ark., 2023; Cheng ve Han, 2020; Sharun ve ark., 2021). Mevcut 

literatürün büyük kısmı in vitro veya küçük ölçekli in vivo çalışmalardan oluşmakta olup, 

randomize kontrollü saha denemeleri, maliyet-etkinlik analizleri ve uzun dönem güvenlik 

verileri açısından önemli bir boşluk bulunmaktadır (Stanek ve ark., 2024; Debruyn ve 

ark., 2025; Sharun ve ark., 2021). Araştırma alanında en acil ihtiyaçlar: 1) geniş ölçekli 

randomize saha çalışmalarıyla klinik etkinliğin netleştirilmesi, 2) alternatif yöntemlerin 

uzun dönem güvenlik ve toksisite profillerinin kapsamlı biçimde incelenmesi, 3) maliyet, 

üretim ve uygulama açısından ekonomik analizlerin yapılması ve 4) farklı patojen 

tiplerine ve süt sığırı işletme koşullarına uygun kişiselleştirilmiş tedavi protokollerinin 

geliştirilmesidir. Günümüzde mevcut yaklaşımların hiçbiri tek başına antibiyotiğin yerini 

tam olarak alamamış olsa da uygun kombinasyonlar ve entegre sürü yönetimi 

stratejileriyle antibiyotik bağımlılığının önemli ölçüde azaltılması mümkündür. Klinik 

uygulanabilirlik açısından, bitkisel ürünler ve bakteriyosinler kısa vadede daha erişilebilir 

seçenekler sunarken, nanopartikül temelli yaklaşımlar uzun vadede daha yüksek 

potansiyel taşımaktadır. Gelecekteki çalışmaların, bu farklı yöntemlerin sinerjik 
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etkilerine (örneğin nanoteknoloji ile fitoterapinin kombinasyonu) odaklanması, saha 

koşullarında daha fazla çalışma yapılması ve Tek Sağlık yaklaşımı çerçevesinde bütüncül 

çözümler üzerine odaklanması gerekmektedir. 

Çıkar Çatışması Bildirimi 

Yazarlar herhangi bir çıkar çatışması olmadığını beyan etmektedir.  
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